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Abstract 

The floodplain area in the lower Yellow River plays the function of flood detention 
and undertakes the production and living functions of residents. Because the Yellow 
River basin is one of the most serious flooding areas in China, the Yellow River seriously 
threatens the safety of people’s lives and property and social stability and development 
in the floodplain area. It is significant to carry out flood inundation dynamic analysis 
and flood loss assessment in the lower Yellow River. Taking the zonal flood detention 
of the Jiahetan-Gaocun section as an example, a two-dimensional flow mathematical 
model is established by using MIKE 21. Through the numerical simulation of flood rout-
ing during the flood detention operation, the flood detention effect of the floodplain 
area is analysed, and the flood inundation dynamic analysis and flood inundation loss 
evaluation are carried out. The results show that the maximum absolute error of water 
level calculated by the model in the measuring station is only 0.77 m. So, it is reliable 
to use MIKE 21 to simulate the flood process and flood diversion in the lower Yellow 
River. The flood with a peak discharge of 4000 m3/s and 7000 m3/s basically reaches 
the maximum submerged area after 100 h, with the maximum submerged areas of 
173.72 km2 and 323.47 km2, respectively. Autumn grain, as the main source of income 
for floodplain residents, is severely lost in shallow water depth, so they are severely lost 
in both floods. Therefore, when opening a floodplain as a flood storage and deten-
tion area, it is important to consider their loss. The flood simulation analysis results and 
flood inundation loss evaluation results can provide a scientific basis for the rational 
utilization of flood storage and detention areas in the lower Yellow River.

Keywords:  Lower Yellow River, Floodplain area, Flood detention basin, Flood 
inundation loss, MIKE 21

Introduction
The Yellow River, the second largest river in China, with a total basin population 
accounting for more than 30% of China’s total population and a regional GDP of 
about 26% of the country [1], can be said to be an important ecological defense and 
economic belt in China. The Yellow River is recognized as one of the most complex 
rivers in the world because of its less water, more sediment, and unbalanced relation-
ship between water and sediment, and frequent flood disasters [2, 3]. As the intensity 
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of extreme precipitation events increases with global warming [4, 5], the number of 
flood-susceptible areas and the population affected by floods [6] will increase in the 
future. The Yellow River basin is facing the impact of floods caused by extreme pre-
cipitation events [7, 8].

As a flood storage and detention area, the Yellow River floodplain area is located 
between the main channel of the lower Yellow River and the river banks on both banks. 
It is not only the main flood discharge place for the Yellow River to divide the flood and 
sediment but also an important ecological space and production space in the Central 
Plains of China. Due to natural conditions and human activities, the floodplain area is 
facing the problems of a fragile ecological environment and a low level of regional devel-
opment [9].

Numerous scholars have conducted studies on the management of the lower Yellow 
River floodplain area. Yu and Gong [10] took the planning and design of the Yellow River 
floodplain area in Zhengzhou as an example to provide a reference for the ecological 
restoration of the floodplain area. Liu et al. [11] studied different governance modes of 
the Yellow River floodplain area and concluded that the floodplain area above Gaocun 
should build a high-standard protective embankment, and the floodplain area below 
Gaocun should implement the inundation compensation policy. Run et al. [12] studied 
the temporal and spatial dynamic changes of water and soil in the floodplain area based 
on the Google Earth Engine platform, which provides a reference for the comprehensive 
management of the floodplain area. According to the historical data of the Yellow River, 
Su et al. [13] put forward the exploratory preliminary governance model of three flood-
plains in the floodplain area of the wide reach of the lower Yellow River.

The general idea of environmental management in the floodplain area of the lower Yel-
low River divides the dike to the main channel into three parts: high floodplain, second 
floodplain, and tender floodplain [14]. Different flood control standards are set in each 
region, and the areas that fail to meet the standard are transformed and managed. The 
flood process has seriously affected the ecological management process of the beach area 
in the lower Yellow River. The task of beach area ecological governance mainly includes 
the construction of flood control and security projects to stabilize the river channel and 
control the river regime and the ecological governance of silted floodplain areas.

By building water conservancy projects or using areas with impoundment functions, 
reducing flood peak flow and allowing floods to occur in certain areas within a certain 
period of time can effectively reduce damage and protect society and development [15, 
16]. The flood storage and detention area [17, 18] on the lower Yellow River floodplain 
area are an important part of the flood control system. It plays a certain role in peak 
shaving and flood detention in flood control emergency, to reduce the flood control pres-
sure of the lower reaches. It is an important means and effective measure for flood con-
trol regulation. The flood discharge capacity of the floodplain area can generally account 
for about 20% of the full section flow during large floods. However, due to human activi-
ties in the floodplain area, the flood storage and detention area should not only consider 
reducing the downstream flood risk but also consider reducing the economic loss in the 
process of flood diversion and detention in the flood storage and detention area [19]. 
Therefore, it is of great significance to the dynamic analysis and loss assessment of flood 
inundation in the floodplain area of the lower Yellow River.
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Flood damage assessment [20, 21] is the process of analysing and quantifying the con-
sequences caused by floods. Many scholars have used different methods to evaluate 
the loss of flood disasters in different areas and carry out flood risk management work. 
Chinh et  al. [22] used multivariate statistical analysis to analyse the flood loss of resi-
dential buildings in Cantor city in the Mekong Delta. Zhao et al. [23] used the coupling 
of the SWMM and MIKE 21 model to analyse the flood inundation loss in the central 
area of Cangzhou, Hebei. Guo et al. [24] created a flood risk assessment model of flood 
storage and detention area based on a mechanical process to quantitatively evaluate the 
flood risk level of flood storage and detention area during the commissioning of flood 
diversion and storage project. Gemmer et  al. [25] evaluated the dynamic loss of flood 
inundation in the Honghu flood diversion, storage, and detention area by using the two-
dimensional hydrological hydrodynamic model based on GIS data. With the progress 
of artificial intelligence technology, more and more scholars use machine learning and 
optimization algorithm to analyse flood damage assessment. Ruidas et al. [26] build new 
GIS-based ensemble models based on Support Vector Regression and two meta-heuris-
tic optimization algorithms for flash flood-susceptibility mapping. Ruidas et al. [27] pro-
pose to draw the flash flood hazard map using the bivariate logistic regression. Roy et al. 
[28] use the biogeography-based optimization model in GIS environment to present the 
flood sustainable areas. Schröter et al. [29] used a 3D urban model and random forest to 
analyse urban flood loss, inundation loss, and risk.

Based on flood process simulation, scholars have conducted extensive research on 
flood inundation loss assessment, and its main steps can be summarized as the following 
four steps.

1.	 According to the flood analysis model, calculate and determine the flood inundation 
range, water depth, duration, velocity, and other key indicators.

2.	 Obtain the value and distribution of different properties under different inundation 
depths and durations within the flood inundation range.

3.	 According to the analysis of survey data, establish the relationship between sub-
merged water depth, duration, velocity, and other factors and flood inundation loss 
rate of various properties.

4.	 Calculate the property loss of flood disaster according to the relationship between 
various property types and the flood loss rate in the flooded area.

At present, the submerged depth-loss rate relationship method [30] is mostly used to 
study the relationship between the submerged loss rate of various properties and dif-
ferent floods, and its function forms are diverse. For example, James and Lee [31] were 
the first to give a segmented linear urban property inundation water depth-loss rate 
function. Zhang et  al.  [32] used the relationship function between inundation water 
depth and inundation loss for different disaster-bearing bodies to establish an inunda-
tion loss assessment system for flooding in the lower Yellow River floodplain area. In 
summary, we found that the accuracy of data such as inundation depth, inundation 
duration, and water velocity has a significant impact on the effectiveness of flood loss 
prediction. Therefore, to make a good flood loss prediction, we need to make a good 
flood simulation. Numerical simulation of flood evolution serves as the basis for flood 
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risk mapping, flood risk analysis, and flood damage assessment and is the scientific basis 
for flood management. In this paper, we propose to perform flood evolution simulation 
calculations using MIKE software, which is a powerful and easy-to-use model that has 
been widely used [33]. Liu et al. [34] established the one-dimensional MIKE 11 model, 
two-dimensional MIKE 21 model, and one- and two-dimensional dynamically coupled 
MIKE FLOOD model based on the principles and methods of the MIKE series. They 
verified that the flood simulation model constructed based on MIKE can better simulate 
the evolution of floods in the flood storage area through actual data. Based on the MIKE 
21 model, Chen et al. [35] analysed the evolution process of 50-year return period flood 
under the current conditions of Daluze and Ningjinbo flood storage and detention area. 
Zhang and Li [36] established the model of the reach from Huayuankou to Jiahetan by 
using the MIKE 21 model, which proved the feasibility of MIKE 21 in simulating the 
hydraulic problems in the lower Yellow River floodplain area.

In order to better manage the floods in the lower Yellow River, explore the flood inun-
dation law of the floodplain area of the lower Yellow River as a flood storage and deten-
tion area and determine the key points of flood inundation losses in the floodplain area 
of the lower Yellow River; in this study, the Jiahetan-Gaocun reach of the lower Yellow 
River will be selected as a typical reach, which includes the Dongming floodplain area 
and Changyuan floodplain area. Based on the MIKE 21 model, the flood routing process 
under two different working conditions will be simulated for the floodplain area of the 
reach, and the flood inundation dynamic process and flood inundation loss analysis will 
be analysed, to provide a reference for the planning and management of the floodplain 
area of the lower Yellow River.

Methods and model
MIKE 21

Compared with the data-driven model represented by machine learning [37–40], the 
hydrodynamic model can better simulate various situations we want. The MIKE 21 has 
a powerful function in the numerical simulation of planar two-dimensional free sur-
face flow. It is suitable for simulating hydrodynamic and environmental phenomena in 
lakes, estuaries, bays, coasts, and oceans when the vertical velocity and acceleration can 
be ignored when the horizontal scale is much larger than the vertical scale. The MIKE 
21 [41] hydrodynamic model is based on the Navier–Stokes equation of momentum 
conservation of two-dimensional viscous incompressible fluid and is subject to the 
Boussinesq and hydrostatic pressure assumptions. The two-dimensional shallow water 
equations are obtained by assuming a hydrostatic pressure distribution and integrating 
the Navier–Stokes equations over the water depth. Compared with empirical formula 
and physical model, this model is more accurate. The main governing equations of the 
MIKE 21 model [42] are as follows. And the governing equations are solved in a Carte-
sian coordinate system.

Two-dimensional flow momentum equation is as follows:

∂h

∂t
+

∂hu

∂x
+

∂hv

∂y
= hS
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In the formula, t represents time. x and y are the Cartesian coordinates. u and v are 
the components of average velocity in x and y directions respectively. η represents water 
level. d is static water depth. h indicates total water depth, h = d + η . g is the accelera-
tion of gravity. f  is the Koch force coefficient. pA is atmospheric pressure. τsx , τsy , τfx , and 
τfy are surface wind stress and bottom shear stress in x and y directions. ρ is the water 
density. Txx , Txy , and Tyy are the horizontal viscous stress term.us and vs are the source 
term flow velocity. S is source term.

Model establishment

Model calculation range

Based on the research task of this flood simulation, the topographic characteristics of 
the river channel in the lower Yellow River, river flood characteristics, production dikes, 
and other influencing factors are also taken as the principles of model scope determina-
tion. The model range selected for this simulation is as follows: the upper boundary is 
Jiahetan, the lower boundary is the Gaocun, the total longitudinal length of the simula-
tion range is about 73.5 km, and the simulated horizontal width is 5.5–20 km. This reach 
includes Dongming and Changyuan floodplain areas.

Gridding and terrain treatment

This simulation uses the MIKE 21 unstructured grid, and the model solution is solved by 
the finite volume method of the unstructured grid central grid. The calculation area uses 
an irregular triangular grid, and the main channel part needs to be encrypted, using a 
maximum grid area of 50,000 m2 and a maximum grid area of 100,000 m2 for the rest of 
the area. The results of the model simulation area grid profile are shown in Fig. 1.

Terrain processing is the key step in modeling. The quality of terrain processing is 
directly related to the accuracy of the model. The terrain processing in this calcula-
tion includes the main channel of the Jiahetan-Gaocun section and floodplain terrain 
processing.

In this simulation, the main channel of the Jiahetan-Gaocun section and floodplain 
terrain data is based on the Yellow River Water Resources Commission Design Institute 
mapping team in July 1998 to draw a ratio of 1:1,000,000 digital mapping by the digi-
tal instrument into Beijing coordinates and then converted to MIKE UTM coordinates. 
Then, the terrain data file of the river is imported into the grid for internal difference, 
and the final simulation area topographic map is shown in Fig. 2.

Boundary condition

Before establishing the MIKE 21 flow model, input data must be created according to 
measured data.
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Fig. 1  Computational grid diagram

Fig. 2  Topographic map of the calculation area
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In the input conditions of this study, the upstream import conditions adopt the flood 
flow process; the downstream outlet boundary condition uses the water level-time rela-
tionship as the control open boundary condition. According to the principle that the 
fluid wall cannot pass through, without considering the infiltration, the normal velocity 
on the land boundary can be considered to be 0. According to the principle of water flow 
without sliding, the tangential velocity of water on the land boundary should also be 0.

Initial condition

Before the simulation calculation, it is assumed that there is no water in the floodplain 
area, so the initial condition is set to the initial water level value, and the initial water 
level in the main channel part of this simulation is 0.5  m, and the water level in the 
floodplain is 0.

Dynamic boundary processing

For the calculation of the process of dry and wet floodplain in the region, the water level 
discrimination method [43, 44] is used to deal with, that is, when the water depth at a 
certain point is less than the dry water depth of 0.005 m, so that the flow velocity at the 
place is zero, the floodplain dries out and does not participate in the calculation; when 
the water depth at the place is greater than the wet water depth of 0.1 m, the floodwater 
on the floodplain participates in the calculation.

Model simulation validation and parameter adjustment

To ensure that the 2D mathematical model can correctly simulate the flood evolution 
in the calculation area, this flood simulation needs to rate the Manning coefficient (n), 
which mainly reflects the roughness of the riverbed.

The model rate was set using the measured water level of the August 1996 flood. 
The “96.8” flood was medium, and the floodwater had already spread out of the chan-
nel, which could reflect to a certain extent the flooding condition of the channel and 
the resistance condition of the channel. In the inversion of the historical flood, the flood 
process is adopted before and after the flood peak of “96.8” (the starting flow is around 
1500 m3/s, and the ending flow is around 2000 m3/s), totaling 408 h.

In the process of model rate determination, different roughness of floodplain and 
trough were used to simulate the flow resistance, and the roughness of river trough 
was generally taken as n = 0.011 ~ 0.015, and the roughness of floodplain was taken as 
n = 0.02 ~ 0.03. Under such boundary conditions, the model was commissioned to invert 
the “96.8” flood in the calculation area. In the process of debugging, we considered the 
characteristics of narrow river channel in the lower Yellow River, large zigzag rate in the 
local river section, and serious erosion of the channel side during the “96.8” flood and 
selected a larger moving bed roughness n = 0.014 ~ 0.017. The influence of channel mor-
phology on overflow is reflected more realistically, and it is convenient to calibrate the 
flood level more reasonably. From the comparison results in Table 1, it can be seen that 
the calculated water level at the flood level observation point and the measured water 
level basically match, and the mathematical model used in this simulation is basically 
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correct in the selection of control parameters such as river topography treatment and 
roughness selection, and the constructed planar 2D mathematical model can correctly 
simulate the flood evolution in the calculation area.

Results and discussion
Calculation scheme and condition setting

The simulation is designed for the characteristics of floods in the lower Yellow River, and 
the simulated floods are divided into two levels: the first level flood with a peak flow of 
about 4000 m3/s, which is close to the flood of flat floodplain, and the “92.8” flood pro-
cess is chosen as a typical flood; the second level flood with a peak flow of about 7000 
m3/s, which is a medium flood, and the “96.8” flood process is chosen as a typical flood. 
The flood processes of “92.8” and “96.8” are shown in Figs. 3 and 4.

According to the two typical flood conditions, the numerical simulation of noncon-
stant flow is carried out in accordance with the boundary conditions of the planned con-
trol zone flood control (construction of planned flood control levees, with the standard 
that the flood does not spread the levees).

The calculation conditions are based on the simulation of flood propagation in two 
frequency floods of the river under the stagnant boundary conditions of the planning 
control zone, and there are two combinations; see Table 2. Both combinations are abol-
ished for the dangerous control treatment, the production dike treatment, and the vil-
lage treatment. By numerical simulation of the planar 2D water flow in the river section 
under the boundary conditions of the stagnant work condition and also setting up the 

Table 1  Comparison of measured water level and simulated water level

No Name of measuring 
station

Measured value (m) Simulated value (m) Error (m)

1 Dongbatou 73.4800 73.6808 0.2008

2 Chanfang 72.8400 72.6977  − 0.1423

3 Shitouzhuang 67.8200 67.5323  − 0.2877

4 Yulin 65.9700 66.1667 0.1967

5 Qingzhuang 63.2000 63.9728 0.7728

Fig. 3  “92.8” flood process. a Jiahetan. b Gaocun
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controlled flood separation application in different stagnant zones of the floodplain area, 
the data on the evolutionary changes of the river flood, the inundation range at different 
time periods, and different water depths are obtained.

Calculation results

The inundation areas of different water depths at different time periods under two 
different flood conditions are shown in Figs.  5 and 6 below, which is composed of 
the areas of different water depths and corresponding water depths within the flood-
plain inundation area. The inundation water level is an important factor affecting the 
enclosure and safety zone, and the inundation water depth is the basic information 
for estimating the inundation loss. This design takes the inundation water depth can 
be divided into < 0.5-m shallow water, 0.5–2-m medium water, 2–4-m deep water, 
and > 4  m very deep water, a total of four levels. The time course of the inundation 
area under two different flood conditions is shown in Figs. 7 and 8 below. The numeri-
cal simulation results at different times are shown in Figs. 9 and 10.

Analysis of calculation results

From the simulation results of the typical floods of “92.8” and “96.8” above, we can 
see the following:

Fig. 4  “96.8” flood process. a Jiahetan. b Gaocun

Table 2  Calculation conditions and boundary conditions

Flood type Boundary condition Floodplain area treatment

“92.8” Flood detention condition Build a flood detention dike to ensure 
that the flood does not overflow 
the dike. Dongming floodplain area 
stagnant use

“96.8” Flood detention condition Build a flood detention dike to ensure 
that the flood does not overflow the 
dike. Changyuan floodplain area and 
Dongming floodplain area stagnant 
use
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1.	 As the flooding process advances, the inundation area of the floodplain gradually 
increases, and the flood loss in the floodplain also gradually increases. After a certain 
time, the inundation area stabilizes, and the loss reaches the maximum. The inunda-
tion area of “92.8” flood reaches the maximum at 120 h of operation, and the inunda-

Fig. 5  Water depth and inundation area in different periods of “92.8” flood

Fig. 6  Water depth and inundation area in different periods of “96.8” flood

Fig. 7  “92.8” flood inundation area time history
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tion area is 173.72 km2. The inundation area of “96.8” flood reaches the maximum at 
180 h of operation, and the inundation area is 323.47 km2.

2.	 The inundation area of different water depths changes with time and flow rate. In the 
pre-flood period with a small flow rate, the shallow water depth area and medium 
water depth inundation area accounted for most of the area due to the speed of 
flood evolution. With the increase of flow and time, the shallow deepwater area and 
medium-deep water inundation area gradually decrease, and the deepwater area and 
very deep water area gradually increase to a certain time tends to the maximum, at 
which time the inundation loss of the stagnant area is the maximum. With the pass-
ing of the flood peak, the area of deep water and very deep water gradually decreases 
and returns to the situation where shallow water area and medium water area are 
dominant.

3.	 The flood flow of “96.8” is larger than that of “92.8,” and in the simulation, the flood 
conditions of “96.8” open the Dongming floodplain area and the Changyuan flood-
plain area. Therefore, the maximum inundation area of the “96.8” flood detention 
area is 323.47km2, while the maximum inundation area of the “92.8” flood detention 
area is 323.47 km2. Therefore, the maximum inundation area of “96.8” flood stagna-
tion zone is 323.47km2, and the maximum inundation area of “92.8” flood stagnation 
zone is 173.72 km2; the inundation area of “96.8” flood is 86.2% larger than that of 
“92.8” flood, and the inundation loss is also larger accordingly. In the “92.8” flood, 
there was no very deep water with a depth greater than 4 m.

The floods of “92.8” and “96.8” of different magnitudes basically reached the maxi-
mum inundation area after 100 h. The flood of “92.8” only used the Dongming floodplain 
area, while the flood of “96.8” used the Dongming and Chang Yuan floodplain areas. The 
flood of “96.8” inundated 149.75 km2 more than the flood of “92.8.” Chen et al. [45] also 
used the “96.8” flood to study the impact of opening this two floodplains on river flood 
control, with a total submerged area of 339.5 km2. Wang et al. [46] have used numeri-
cal simulation to conduct relevant research on the inundation range of the floodplain 
area of the lower Yellow River after the construction of flood control levees. Compared 
with their studies, it can be proved that the simulation results in this study are basically 
correct.

Fig. 8  “96.8” flood inundation area time history
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Loss analysis

This study mainly covers the Jiahetan-Gaocun reach of the lower Yellow River, includ-
ing the Dongming floodplain area and Changyuan floodplain area. The floodplain area 
in the lower reaches of the Yellow River has flat terrain, fertile land, and superior water 

Fig. 9  Water depth and inundation range under “92.8” flood. a 60th h. b 120th h. c 200th h. d 300th h. f 400th 
h
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conservancy conditions. In addition, the Yellow River flood has strong seasonality and 
a low probability of occurrence. Since ancient times, a large number of people have set-
tled down. The floodplain area economy is a typical agricultural economy, and the crops 
are mainly wheat, soybean, corn, and cotton. Dongming floodplain area and Changyuan 
floodplain area in the lower reaches of the Yellow River are typically agricultural econo-
mies, and the floodplain flood in this reach mainly occurs in July and August. At this 
time, autumn grain is mainly planted in the floodplain area. See Table  3 for the basic 
socio-economic conditions of the Dongming floodplain area and Changyuan floodplain 

Fig. 10  Water depth and inundation range under “96.8” flood. a 60th h. b 120th h. c 180th h. d 300th h. f 
400th h
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area in the lower reaches of the Yellow River. In addition to the data in the table, there 
are brick factories, concrete prefabrication plants, tile factories, valleys, fish ponds, and 
lotus ponds in the Dongming floodplain area, with a total of 4,566,500 km2, including 6 
gas stations and more than 30 oil wells. There are mainly farms in the Changyuan flood-
plain area, with a total area of 2100 km2.

The direct economic loss of a flood disaster refers to the loss caused by the flood 
impact and inundation of the disaster-bearing body. The estimation formula of the direct 
economic loss of a single disaster-bearing body is as follows:

where R is the direct economic loss of the disaster-bearing body, ηi is the loss rate at 
i level water depth, and Wi is the normal value or output value of the disaster-bearing 
body within the submergence range of i level water depth. It can be calculated by the fol-
lowing equation.

where Ai is the area of this bearing body at water depth i , A is the total area of the dis-
aster-bearing body in the area, and V  is the total value or output value of the disaster-
bearing body in the region.

All losses within the floodplain area are the accumulation of direct economic losses 
of various disaster-bearing bodies.

Liu et al. [47] investigated the loss of the Yellow River floodplain area after the 1982 
flood in the analysis of flood risk and research on disaster reduction measures in the 
Yellow River floodplain area and flood detention area, mainly in rural areas. After 
research and analysis, they determined the loss rate of household property of rural 
residents. Concerning this study and combined with the actual situation of this study 
area, the water depth of different disaster-bearing body — direct economic loss rate η 
relationship is shown in Table 4 below.

R =

m

i=1

ηiWi

Wi =
Ai

A
× V

Table 3  Economic situation of Dongming and Changyuan floodplain area

Name of the floodplain area Area (km2) Cultivated land area (km2) Population

Dongming 234.6 134 89,670

Changyuan 322 223 112,525

Table 4  Water depth of different disaster-bearing bodies — direct economic loss rate η relationship

Water depth (m) 0 − 0.5 0.5 − 2.0 2 − 4.0  > 4.0

Autumn grain 70 85 100 100

Tree 0 2.5 15 20

Fisheries 50 100 100 100

House 31 71 100 100

Family property 27 50 75 85



Page 15 of 18Chen ﻿Journal of Engineering and Applied Science           (2023) 70:26 	

Combined with the above table and flood routing simulation results, after analysing 
the inundation loss in the floodplain area, we get the following main conclusions:

1.	 In the early stage of flood routing, shallow water depth and medium water depth 
account for the majority, so the flood inundation loss rate is small. With the evolu-
tion of flood, the inundation depth increases continuously, and the inundation loss 
rate of various disaster-bearing bodies will also increase with the increase of inun-
dation depth. When the inundation depth reaches a certain value, the inundation 
loss rate of each disaster-bearing body will reach the maximum. Zhang et  al. [32] 
obtained a similar conclusion using the inundation loss function.

2.	 Compared with other disaster-bearing bodies, autumn grain and fishery are the most 
vulnerable to damage. Under the condition of shallow water and deep water, the loss 
of autumn grain and fishery has been very high. Li [48] once conducted a system-
atic study on the assessment of flood losses in the lower Yellow River based on GIS. 
The main flooded area in the lower Yellow River is cultivated land. The simulation 
results show that the shallow water deep area is already large in the early stage of the 
flood, which means that as long as the floodplain area is used as a flood storage and 
detention area, the loss of autumn grain and fishery is inevitable and huge. There-
fore, when the floodplain area is used as flood storage and detention area, the loss of 
autumn grain and fishery must be considered first.

Conclusions
With global warming, the frequency of floods is increasing. Flood management strategies 
have recently been considered a priority, particularly in the Yellow River. Many scholars 
have done a lot of research on flood simulation and flood inundation loss assessment. 
However, in recent years, there has been little research on the lower Yellow River flood. 
The floodplain area in the lower Yellow River is not only an important flood storage and 
detention area but also inhabited by a large number of residents. Therefore, it is not easy 
to formulate flood management strategies when to use the floodplain of the lower Yellow 
River as a flood storage and detention area. In this paper, a 2D hydrodynamic model of 
the Jiehetan-Gaocun section in the lower Yellow River including two floodplain areas 
was established by the MIKE 21, followed by parameter rate determination, flood simu-
lation calculation, and flood inundation loss assessment. The significance of this study is 
to explore the basic laws of flood inundation in the floodplains of the lower Yellow River 
and lay the foundation for formulating flood management strategies. At the same time, 
the research results can also provide a reference for the analysis of inundation processes 
in other regions of the world. The main research conclusions of this article are as follows:

1.	 Through the model verification of the flood, the errors of the measured flood level 
at each water level observation point of the calculated river section and the corre-
sponding simulated calculated flood level are within the allowable range, which indi-
cates that the model is reasonable in terms of the selection of the river topography 
and boundary treatment, roughness, and water flow parameters. The calculation 
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results of the flooding process and the flood separation in the lower reaches of the 
Yellow River using this model are credible.

2.	 With the validated model, the dynamic analysis of the inundation area of the flood-
plain area and the variation of different inundation depths with time under two 
working conditions were carried out in this paper, and the basic law of flood inunda-
tion in the floodplain area of Jiehetan-Gaochun River section was obtained.

3.	 After analysing the flood loss, we can find that autumn grain, as the most vulnerable 
disaster-bearing body, is the main source of income for the people in the floodplain 
area. The loss is huge in the early stage of flood development, so it should be consid-
ered before opening the floodplain area as a flood storage and detention area.
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