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Abstract. In order to fully use the newly-built hydrologic stations in small and medium rivers for flood warning
and prevention, based on the technical line of the investigation and evaluation of flash flood disasters, different
historical flood information of the warning river section was investigated, while the elevations of riverain houses
were measured. The relationship between the stations and affected population has been established for the study
region. According to integrated flood control capability of riverside residents, the characteristic water levers
and rainfall threshold values were determined in this case. The results indicate that the warning and safety
levels are 54.0 and 55.3 m, respectively. The analysis results show that the warning should be issued when the
net rainfall intensity is 70 mm h−1 or 110 mm for 6 h condition. And considering the effectiveness of disaster
avoidance, variable characteristic water levers of the hydrologic station for flood warning in different village
were determined on the basis of the flood control capability of each village. The relationship between hydrologic
numerical value and inundating influence was established in a one-to-n way.

1 Background

Since the Construction of small and medium-sized rivers hy-
drology monitoring system, density of hydrological mon-
itoring sites was improved evidently. However, there are
two shortcomings that make real-time hydrological elements
playing a limited role in flood hazard mitigation. Firstly,
there is no historical data in the new hydrological stations,
and the historical ranking comparison cannot be realized
(Yao et al., 2014). No matter the rainfall or water level, the
severity cannot be known according to the value. Secondly,
there is no characteristic water level. The correlation between
site elements and early warning objects is lacking. There is
no connection between water level and flood impact, and it
cannot play an effective early warning role. If these two prob-
lems cannot be solved, the new hydrological stations are use-
less for flood prevention. From 2016, Chinese Office of State
Flood Control and Drought Relief Headquarters and Water-
way Bureau of Water Resources began to promote the anal-

ysis of the characteristic water level of small and medium-
sized rivers. The paper takes the new hydrological station
in the central district of Shitai county in the southern An-
hui province as an example with technical route which called
“The research and application of investigation and evalua-
tion on mountain torrent disaster as well as early warning
key technology” (Hu et al., 2016), through the survey of his-
torical flood and elevation of the houses along the banks of
the river (MWR, 2015). Then it evaluates the flood protec-
tion capacity of the early warning object and establishes the
link between hydrologic and social economic factors, to de-
termine the rainfall warning threshold and characteristics of
water level.

2 Regional overview

Shitai county is located in the northwest of the southern
Anhui mountains which belongs to qiupu watershed of a
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tributary of Changjiang River. The qiupu watershed has the
history of frequent floods and waterlogging disasters. Typ-
ical floods include the flood of 14 July 1991, the flood of
28 May 1995, the flood of 19 June 1996 and the flood of
26 June 1998. Shitai county was flooded six times in 1996,
and the water depth of urban area was as deep as 6 m,
and the water depth of urban area was as deep as 7 m
in 1998. After real-time flood control engineering, during
the flood of 21 June 2002, the flood of 10 July 2007, the
flood of 24 July 2015, the flood of 3 July 2016, the flood
of 24 June 2017, Shitai county in addition to the scope of
protection of the flood control works from submerged, while
other areas were still affected by flooding for many times,
and often repeated many times within a year. It is a typical
area where mountain torrent disasters take place frequently.
So it is necessary to constructe the non-engineering mea-
sures of flood protection. Since the Construction of small
and medium-sized rivers hydrology monitoring system, hy-
drological bureau of anhui provincial has set up a gauging
station here with an area of 818 km2 above the hydrological
station since 2016.

3 Technical route

3.1 General idea

There are three conditions needing to be met for the con-
struction of the early-warning index system for flood hazard
mitigation of small and medium-sized rivers: firstly, setting
the warning range (river section); secondly, mastering the
influence of historical flood and the existing defense capa-
bility of early warning objects (population concentration ar-
eas); finally, establishing the relationship between the early
warning source (hydrological station) and the early warn-
ing object (person), and determining the early warning index
system according to the defensive ability. Generally speak-
ing, it means to know yesterday (historical flood), evalu-
ate today (present defense capability), and lock in tomor-
row (earlywarning indicator system), the core is human se-
curity. Therefore, the specific implementation path is “tak-
ing villages (market towns) as the object, household regis-
tration as the unit, and people as the center”, then establish
the relationship between the early warning object which in-
cludes changes in the height of houses and the hydrological
elements of the river. According to business logic, there are
three stages:

– The first stage is establishing the evaluation system
of hydrological factors and flood affected population
through investigation and analysis. This stage is carried
out in accordance with “two main lines and integration”.
Main line 1 is obtaining the surface line of the histori-
cal typical flood in the river section associated with the
early warning object through investigation. It also in-
tegrates the housing foundation elevation and housing

registered population of the residential group along the
river, and estimates the impact of typical flood to iden-
tify the affected houses by the flood depth and relates
the registered population with the houses. Then accord-
ing to the assumption which means different scale of
the flood water surface slope is same, it is got that flood
effects of different grade flood with translating the wa-
ter line, and gathers the flood affected population and
water level which on the representative cross section
of the matching flood water line, to establish the rela-
tionship line between water level and flooded affected
population. Main line 2 is establishing the relationship
between water level and flow. This part of the content
is directly referred to the hydrological data compilation
specifications. It needs to be emphasized that in addition
to the actual measurement, it also needs to make up for
the insufficient variation of the measured relationship
between water level and flow through the hydrological
survey. The relationship between water level and flow
was established by obtaining the factors of gradient, ver-
tical and cross section, bed roughness and other related
factors. “Regression and integration” refers to the wa-
ter level of the representative section as the cohesive
factor, that is, water level takes the same section value
among the relationship flood affects population, water
level and flow. Build the core foundation called “Flow-
Water Level- Flood Affects Population” “Two Coaxial
Line”, which determine the disaster water level and dis-
aster flow, as the basis of flood impact assessment and
early warning index system analysis.

– The second stage is assessing the risk level (recurrence
period) of the disaster flow corresponding to the disas-
ter water level of the early-warning object by calculat-
ing the design flood, and according to the disaster water
level, the flow, as well as the regularity of flood rising
of the dependent land, the alarm and the guarantee water
level are recommended.

– The third stage is determining the distribution of rain-
storm schedule and calculating the various characteris-
tics time of critical rainfall (net rainfall threshold) by
disaster flow and the calculation method of design flood,
that is, how long and how much net rain intensity will
be disaster. At the same time, according to the recur-
rence period of the disaster flow, the same frequency of
rainstorm and flood is assumed, the rainfall threshold
values of different periods in the same period as the re-
currence period of the disaster flow are obtained, so as
to establish the rainfall warning index system.
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3.2 Core technology

3.2.1 Determination of relationship between water level
and population

In the technical link of investigation, evaluation and early
warning, the most important thing is how to establish the con-
nection between flood and population, which is not only the
technical difficulty, but also the core of disaster prevention
and early warning. Especially in mountainous area, channel
slope and fall head of water surface of warning channel is big,
not like a lake, reservoir, whose relationship elevation- pop-
ulation and water level- population are the same, as shown in
Fig. 1a, but needs to provide an algorithm that can change the
waterline along the river into the surface of water slope, in or-
der to determine both longitudinal and lateral variation of the
building elevation layout and water slope height relations, as
shown in Fig. 1b. The author put forward the idea “locking
rivers trajectory, calculating origin, appointing representative
section and flood mark, building the shortest distance dou-
ble object plane projection” through the method “Relation-
ship and assessment between non-static water level of moun-
tains and population affected by flooded” (Hu, 2016a), to set
up the business logic of the recognition system named “The
ternary homologous” of the flood waterline of warning river,
vertical slope line of river, housing base elevation, as shown
in Fig. 2, the specific operation is divided into four steps:

– Step 1: according to the measurement results of the lon-
gitudinal section of the river segment associated with
the early-warning objects (including elevation and co-
ordinate), the river trajectory line can be drawn and the
upstream starting point is marked as the origin.

– Step 2: the investigation of the flood marks is projected
onto the river track according to their coordinates, the
starting distance of the flood mark projection point rela-
tive to the origin was extracted from the river track line,
match the water level of the flood mark point and estab-
lish the coordinate system of water level change along
the course.

– Step 3: the house is also projected onto the river track
according to its coordinates, the starting distance of the
projection point of the house on the track line of the
river was obtained, match the building base elevation,
it is incorporated into the coordinate system of water
level change along the path. The relationship between
the water line and the house flood is realized, property
of housing registered population is extracted, popula-
tion affected by subsurface inundation is calculated.

– Step 4: different flood populations can be obtained by
assuming different water surface lines (flood of different
orders of magnitude). The relationship between water
level and flood affected population can be established

Figure 1. Comparison of effects of static and non-static water
flooding.

by determining the water level on the representative sec-
tion of a flood water surface line of different orders of
magnitude.

In the figure, the water surface line is the line when the first
household is affected by disaster, and the water level of the
disaster water surface line on the representative section is the
disaster water level, and its corresponding flow is the disaster
water flow.

3.2.2 Critical rainfall threshold analysis method

The analysis methods of rainfall threshold have three types:
back extrapolation, same frequency and event statistics. This
paper mainly introduces the back extrapolation and the same
frequency.

The calculation of rainfall threshold by back extrapolation
is based on the inverse calculation of the disaster flow to the
catchment flow, under the condition of known confluence pa-
rameters, three undetermined elements are also involved. The
first is the amount of precipitation, the second is the time dis-
tribution of precipitation, and the third is the soil moisture
in the early stage (Yao et al., 2019). Under the combination
of three uncertain factors, in order to form the same peak
value, the solutions will be infinite, which is equal to “no
solution”. To solve the problem in the absence of solution,
conditions must be set. The solution is that the early effects
can be solved by the flow generation, that is, the formation
of net rain. The remaining is net rainfall and its distribution
of the schedule problem. It still has various combination. To
have a solution, the schedule distribution needs to be set, and
then according to the distribution of rain type characteristics
of a given period of time to set the value of rainfall, calcu-
late the concentration flow. If the peak value of the flood pro-
cess is less than the disaster flow, the set rainfall value should
be increased. Otherwise, decrease it until the calculated peak
value is equal to the disaster flow rate, which is the threshold
value of the characteristic time period. In this topic, the dis-
tribution of rainfall schedule chooses the results of designed
rainstorm schedule distribution or the formula of rainstorm
attenuation index, as shown in Eq. (1):

Ht,p = 24n−1H24,P t1−n (1)
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Figure 2. Schematic diagram of double projection water level and flooding affect population.

Figure 3. Schematic diagram of the back extrapolation of net rain threshold value.

where n is Rainstorm attenuation index, 0 < n < 1; Ht,p is
the amount of rain that lasts for t and frequency p.

Special attention, it is not feasible to directly calculate the
rainfall in the 24 h period and then extract the rainfall in dif-
ferent periods as the threshold value. It is a trial run at differ-
ent times. In conclusion, if the calculation of preproduction
flow and the limitation of precipitation process distribution
are given, the solution can be obtained by deducting the net
rain threshold, as shown in Fig. 3.

The same frequency is based on the assumption of the
same frequency of rainstorm and flood, only fits in the small
watershed. It determined the disaster flow by investigation
stage, according to design way to determine return period
of disaster flow, then analysis the different periods and fre-
quency of precipitation based on design storm statistical re-
sults. It is important to note that this method is in accordance
with the basin theory. If time session is greater than or equal
to basin confluence, the same frequency achievement is valid,
otherwise rainfall results in the same frequency characteristic
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Figure 4. Distribution diagram of Shitai mountain flood impact survey and measurement (map data © MapWorld Anhui, http://anhui.tianditu.
gov.cn, last access: August 2020).

period will be smaller. The advantage of this method is that
the calculated threshold is gross rainfall omitting the calcula-
tion of production flow, which can be directly used for early
warning.

4 Investigation and evaluation

4.1 Measurement area layout

In order to accurately and effectively reflect the correlation
between hydrological factors and urban flood control ability,
hydrology bureau of Anhui province organized and carried
out an urban mountain flood impact survey in shitai county
according to the above technical route (Hu, 2015). Hydrol-
ogy bureau collected the flood mark of 1998, 2016 and
2017 along the river, surveyed the residence building foun-
dation elevation along the both side of river, formed the sur-
vey measurement area including three parts area, as shown
in Fig. 4. A total of 36 large sections and 43 historical flood
marks were measured in the survey area. In particular, the
flood marks of 2016 and 2017 were marked immediately af-
ter the flood, and the results are reliable.

4.2 Relationship between water level and flow

Shitai is a new hydrological station, automatic measuring and
reporting of water level are put into use from 2016 flood sea-
son. In order to meet the needs of analysis of flood warn-
ing characteristic water level of shitai, flow test is carried
out in 2017.There is no cable facilities at this station, the
bridge is used as a river crossing equipment. The station mea-

sures the flow with ADCP and radio current meter. In 2017,
the measured maximum flow is 1660 m3 s−1, and the cor-
responding water level is 53.96 m (yellow sea). The flood
peak water level of “2016.7.3” is 56.03. The measured max-
imum water level is 58.10 m. When the measured flow rate
does not meet the requirements for determining the relation-
ship between water level and water level, the combination of
measured flow rate and hydrological investigation results is
adopted. According to the conditions of manning’s formula,
under the condition of known section and stable section, the
main factors influencing the determination of high flood flow
rate are specific drop and roughness rate. According to the
historical flood survey, the water surface lines along the shi-
tai river are basically parallel under different flood conditions
of different orders of magnitude. The water surface drop is
stable at about 0.9 ‰, as shown in Fig. 5. Large section of
shitai station, as shown in Fig. 6a, water level area relation of
shitai station, as shown in Fig. 6b. In addition, the roughness
rate can be deduced by measured flow, as shown in Fig. 6c.
The corresponding roughness rate at the high water level of
shitai station is between 0.035 and 0.045, so as to determine
the flood peak flow rate of the flood investigated, as shown
in Table 1, and the relationship line between water level and
flow is determined comprehensively, as shown in Fig. 6d.

4.3 Determination of disaster water level and flow

Shitai investigation area divides into three parts: upstream li-
ufang village test area, central urban area and downstream
wangxian street area. In view of the differences of watershed
area, water surface slope and elevation layout of population
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Figure 5. Comparison diagram of flood water surface ratio drop of different magnitude (field) in the river section of Shitai.

Figure 6. Diagram of analysis results of relationship between water level and flow at Shitai station.

Table 1. Results of flood peak flow to investigation flood.

The number Water Gradient Roughness Flow
of flood level

“1998.06.26” 58.10 0.9 ‰ 0.042 3930
“2016.07.03” 56.03 0.9 ‰ 0.037 2720

Note: river bottom constraint is 48.85, corresponding flow is 0.

on both sides of the river between each area, determine the
disaster water level in the aggregate measurement area ac-
cording to subarea and short board effect principle.

4.3.1 Determination of disaster water level in the zone

With the flood level distribution of flood “2016.07.03”, mix
the foundation elevation of houses on both sides of river, ac-
cording to the projection method each division measurement
area has analyzing submerged. Flood submerged effects on
both sides of the residents including liufang, central urban
are a and wangxian street direction are shown in Fig. 7. Ac-
cording to this, the disaster water level of the liufang survey
area is determined to be 60.90 m, corresponding to the dis-
aster flow is 1540 m3 s−1; the disaster water level and flow
in wangxian street area are 45.80 m and 1480 m3 s−1 respec-
tively; although central urban area is protected by flood walls,
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Figure 7. Diagram of water level and height projection of building foundation in each measuring area (map data © MapWorld Anhui,
http://anhui.tianditu.gov.cn, last access: August 2020).

https://doi.org/10.5194/piahs-383-201-2020 Proc. IAHS, 383, 201–211, 2020

http://anhui.tianditu.gov.cn


208 Y. Hu et al.: Analysis of the specific water level of flood control and the threshold value of rainfall warning

Figure 8. Results of the investigation points of upstream and downstream associated river sections in Shitai area on the same axis and two
lines.
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Table 2. Analysis results of disaster water level in downtown area of Shitai and villages related to upstream and downstream.

Location Residential Representative Zdisaster Qdisaster i 1Lsection Zdisaster,section 1Lstation Zdisaster,station
area section (m) (m3 s−1) (‰) (m) (m) (m) (m)

Upstream of Liufang
Sect. 1 60.9 1521 0.9 4795 54.7 5740 49.53

main area village

Main urban
Main area Sect. 8 53.8 1730 0.9 0 53.8 5740 48.63

area

Downstream Wangxian
Sect. 3 45.8 1480 0.9 8514 53.5 5740 48.33

of main area Street

Note: The disaster water level of the main urban area is in the downstream of the urban flood wall which is not protected.

in its protected areas, the water level higher than the height of
the housing foundation on both sides of the river is not nec-
essarily a disaster. As shown in Fig. 8b, the corresponding
place of residence in the part below the disaster water level
in the figure on the right. However, the left bank of the fuhu
river and the confluence of the fuhu river and the qiupu river
outside the protection area of the flood wall are vulnerable to
waterlogging. Therefore, the disaster water level in the cen-
tral urban area is subject to the population distribution in this
section, the disaster water level and flow rate are respectively
53.8 m and 1730 m3 s−1. The relationship between flow, wa-
ter level and population in each test area is shown in Fig. 8.

4.3.2 Determination of comprehensive disaster water
level

Based on the disaster water level analysis results of each di-
vision, water level difference between the representative sec-
tion and the early-warning section (shitai hydrological sta-
tion) in each section is calculated, and the water level of each
disaster water level corresponding to the early-warning sec-
tion (shitai hydrological station) is determined (Hu et al.,
2015). According to Fig. 3 analysis results, water surface
slope of central urban area is 9 ‰, the distance between be-
half section and early warning section of each part is shown
in Table 2. The calculated results of the disaster water level
in each measured area corresponding to the disaster water
level in the early-warning section are shown in Table 3. Ac-
cording to each division of the relationship between water
level and the corresponding water flow, it is estimated that the
disaster flow of each residential concentration group is be-
tween 1500 and 1700 m3 s−1. Finally, according to the short
board effect principle, the comprehensive disaster water level
is determined as follows: 53.50 m, and the disaster flow is
1500 m3 s−1.

4.4 Impact assessment

Shitai county is non-data area, so the design flood uses the
existing methods of territorial and peripheral areas (AS-
DIWCH, 1984; Zhang et al., 2015). The area comparison

Table 3. Design flood results of Shitai water level station.

Return Area of 84 Manual Empirical Synthesis
period analogy method of anhui formula

100 3750 5650 4712 3213 4330
50 3260 4629 4070 2874 3710
20 2714 3202 3290 2423 2910
10 2282 2307 2660 2061 2330
5 1821 1483 2055 1671 1760

method takes the gaotan hydrological station downstream of
shitai of qiupu river as the reference station. The empirical
formula is based on the huangshan hydrology manual. As we
know from the results, there is a big difference between the
methods. Therefore, the multimethod mean is taken as the
comprehensive result, as shown in Table 3. Compared with
1500 m3 s−1 of the disaster flow and the results of Table 3.
The current defense capability is less than once in 5 years.

5 Early warning indicators

5.1 Rainfall warning threshold

Based on the 1500 m3 s−1 of the disaster flow, using
Xin’anjiang Model and the method of designing flood in
mountainous area of anhui province, the rainfall warning
threshold (net rain) of different time periods is deduced by
trial calculation and back extrapolation method. At the same
time, according to the recurrence period of the disaster flow
in each part, the rainfall warning threshold (gross rainfall)
in the characteristic period is determined by assuming the
same frequency of rainstorm flood (Hu, 2016b), as shown in
Table 4. It needs to be explained that the results of the back-
ward extrapolation method need to be calculated in advance,
the warning time of the same frequency method is greater
than the watershed convergence time, the convergence time
is about 6 h in this watershed.
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Table 4. Rainfall warning threshold of downtown area in Shitai and upstream and downstream related villages.

Location Cluster 1 h 2 h 3 h 6 h 12 h 24 h

“84” method
Liufang village 73 74 74 77 86 107

Back Main area 81 81 82 85 94 116
extrapolation Wangxian street 68 68 69 71 78 97

Xin’anjiang model Main area 73 73 74 108 116 153

Same
“84” method rainstorm statistics

Liufang village 111 155 181
frequency Main area 121 167 197
method Wangxian street 110 151 151

5.2 Characteristic water stage

Artificial observation scale is set up in the lower reaches
of 5740 m of the hydrological station in the central district
of shitai. The warning water level is 47.00 m, which corre-
sponds to the water level of the hydrological station is 52.20
and the corresponding flow is 990 m3 s−1. Directly from the
section, the existing warning water level has not been on the
beach, and the warning water level is low. However, the basin
above shitai is a typical river, and the flood rises up and down
sharply. In terms of the flood “2016.6.24”, the maximum
hourly increase reaches 1.35 m, with only 1 h and 15 min
from the alert to the disaster water level. The warning water
level of shitai water level station is 52.20 m and the guaran-
teed water level is 53.50 m. At the same time, in order to take
account of the consistency of the water level elevation system
in the Changjiang river basin, wusong base surface is adopted
for the water level of shitai hydrological station. The eleva-
tion difference between wusong and huanghai is 1.83 m. The
warning water level of shitai hydrological station is 54.0 m
and the guaranteed water level is 55.3 m by taking an integer.

6 Conclusion

Using the technical route and analysis method of survey and
assessment about mountain torrent disaster for reference, this
paper takes the new site stone stage of small and medium-
sized rivers for example, to carry out the survey of flood
and elevation layout of live group along the river, and sets
up warning source (hydrologic station) associated with early
warning object’s layout, carry out the early warning defense
capability evaluation object, provided by flow, water level
determines the hydrological site characteristics, and on the
basis of the submitted by flow characteristic time critical
rainfall warning threshold, effectively solves the small and
medium-sized rivers new site without historical reference,
without warning associated “stand naked” problem, achieved
by providing hydrological values to hydrology factors effect.
The technical route provided in this paper can provide refer-
ence for the construction of similar site early-warning index
system.

In this paper, the actual flood control capacity of shitai
county and related villages is comprehensively considered,
and the conclusion is drawn that the overall defense capacity
of the early-warning objects is less than once in 5 years. The
warning water level is 54.0 m and the guaranteed water level
is 55.3 m.The average net rainfall intensity of the 1 h water-
shed is 70 mm h−1, or the average rainfall of the 6 h surface
is 110 mm, which is the threshold value of the critical rainfall
causing disasters. This result can be used as a reference basis
for flood prevention of shitai.
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