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The article demonstrates methods for identification and assessment of risks for efficient utilization and storage of floodwater, which
can be utilized in middle and lower reaches of rivers. Firstly, the methods of analytic hierarchy process and principal component
analysis were proposed, which can identify themain risk factors and associated losses during the storage of floodwater in ponds.The
major factors of risk include uncertainty of benefit losses, uncertainty of calculation methods and parameters, long-term rainfall-
runoff forecasting errors, scheduling decision, and implementation. Next, a two-dimensional estimation model used to get the risk
rate of flood storage in ponds during different stages of flood including scenarios with and without control measures is developed.
The identified risk factors were applied on an event of rainfall (200mm) to evaluate the risk of flood storage in Cile pond. To
conclude, the laws of risk in terms of space and time are demonstrated as follows: (1) in spatial dimension, the risk involved will be
higher if flood storage capacity is great, and, (2) in temporal dimension, the risk involved will be higher if storage occurred earlier
than anticipated. This article further concludes that if flood storage is greater, the risk loss associated with control measures will
obviously be smaller than that without control measures.

1. Introduction

Thedistribution of water resources is uneven on the temporal
and spatial scales in China [1]. Approximately 70% of the
rainfall mainly concentrates during the flood season in most
regions of China. Next, the interannual variation of rainfall is
obviously marked, which results in more serious shortage of
water resources [2]. In some regions, this seasonal variation
of rainfall also limits the economic and social development,
which can create the issues of agricultural damage, the
water and environmental pollution, the water scarcity and
disputes, the industrial loss, and harm to the health of people.
Water resources issues deserve to be resolved so as to serve
the strategy of sustainable development [3]. Owing to the
aforementioned issues, people have diverted their focus to
store and utilize floodwater. Despite the fact that floodwater
causes huge damage, it also plays an important role in solving
water shortage and the uneven distribution ofwater resources
in space and time. On the basis of successful increase in the
number of practical cases, the new functions of floodwater
are discussed in this article.

Currently, there are many methods for the utilization
of floodwater [4–9]. Besides reservoirs, lakes, and rivers,

the pond is another important geological pattern to store
water. The flood storage in ponds, which are located in the
middle and lower reaches of the rivers, is another main
utilization of floodwater. This method not only alleviates
flood damage but also restores the water for ecological
environment and replenishes groundwater. Next, it brings
direct benefits to the irrigated agriculture and to the fishery.
To conclude, the proposed method is also significant for
the regional development, the economic development, the
social development, and the sustainable utilization of water
resources. However, the risks and benefits of floodwater
still coexist. The risks’ presence arises from some uncertain
factors, stemming from true randomness, and epistemic
uncertainties, stemming from lack of knowledge [10]. If it
is used inappropriately, it may incur huge losses. Figure 1
shows the utilization of stored floodwater in ponds. Keeping
this in view, it is necessary to carry out the identification
and evaluation about the risks during the process of flood
storage in ponds, which can provide theoretical basis for
both reducing and avoiding the risks during the utilization
of floodwater. Based on the analysis of risk sources, this
article selects the main risk factors for onward storage of

Hindawi
Mathematical Problems in Engineering
Volume 2017, Article ID 7348384, 9 pages
https://doi.org/10.1155/2017/7348384

https://doi.org/10.1155/2017/7348384


2 Mathematical Problems in Engineering

L2: a�er rainfall without �ood input 
L3: a�er �oodwater input L4: original water level

Rain

L1
L3

L2

L4

L1: a�er rainfall with flood input

Figure 1: Schematic map of floodwater storage in the ponds.

floodwater in ponds, establishes estimation model of the
risk of floodwater storage in ponds, and takes Cile pond in
Baicheng city as an example.

2. Identification of Risks and Evaluation of
Flood Storage in Ponds

The volume of floodwater in storage ponds is different
because of their different functions. According to the main
functions, storage ponds can be classified into “flood control-
ling ponds” and “non-flood controlling ponds.” The former
are located at the flood detention region and can mainly be
used to control flood, whereas the associated risks depend on
the uncertainty involved in the rainfall prediction during the
flood seasons. The non-flood controlling ponds are used for
flood storage. However, there are many problems related to
non-flood controlling ponds when they will be used for flood
storage, and these problems are the complex process of flood
storage and the associated risks. Based on the analysis of these
aspects, a model was built for the evaluation of risks of flood
storage in ponds.

2.1. Identification of Main Risk Factors. The risks associated
with the flood storage in ponds are mainly incurred due
to a number of processes involved in flood storage. The
three major stages required in the process of the flood
storage are designing, dispatching, and implementation, of
which designing is a general arrangement for the utilization
of floodwater. The aim of designing is to effectively use
the floodwater and to promote the economic development
under safe conditions [11]. Designing includes (1) survey
and evaluation of the present situation of water resources
on a regional scale, (2) utilization plan for the establishment
of water resources, (3) making plans, and (4) evaluation
of the plans. During the second stage of dispatching, an
optimal flood control plan was made on the basis of long-
term runoff forecasting and the analysis of risk benefit [12].
In the implementation stage, a control plan to pool the
resources achieved from floodwater was carried out to ensure
the effective utilization of floodwater. This last stage also
takes into account the early current background and the
flood forecast results [11]. The system of risk factors for flood
storage (see Figure 2) is constructed by analyzing both the

work process and conditions of the three stages. Thereafter,
according to Figure 2, the main risk factors of flood storage
in ponds were selected as shown in the following subsections.

2.2. Screening of the Main Risk Factors. Up to now, storage
of floodwater in ponds has not turned into a complete
system; this is due to the lack of knowledge involved in
risk accidents, insufficient data, and nonuniform standards
for onward screening the main risk factors. To calculate
the weight of each risk factor and to screen out the main
components of primary risk factors involved during the
storage of floodwater in ponds, the following techniques
have been used in this article: (1) the method of analytic
hierarchy process (AHP) and (2) the principal component
analysis (PCA) for the integration of the selective standards.
The specific steps involved in the aforementioned techniques
are outlined in the following paragraphs:

Step 1 (the analytic hierarchy process). The method of
analytic hierarchy process (AHP) has widely been used in
multicriteria decision-making and weighting factors [13].
The analytic hierarchy process (AHP) decomposes complex
decisions into structured smaller decisions, incorporates
quantitative evidence and qualitative expert opinion, and
promotes structured consensus building [14]. It can easily be
grasped. AHP makes the assessment of the contribution of
each factor easier and overcomes problems such as overlap-
ping and interrelation between factors [15]. So, it is chosen to
calculate the weight coefficient of each risk factor. The steps
required in AHP are explained as follows:

(1) Construct all factors into one hierarchy structure.
Target layer is the failure of flood storage in ponds and
the corresponding risk factors (see Figure 2) are index
layer.

(2) Complete the pairwise comparison matrices, that is,
the judgment matrices. The instrument used in this
article is based on a 9-point scale as proposed by
Saaty, where “1” represents the equal importance of
two criteria and “9” represents the highest importance
of one factor over another factor (see Table 1).

(3) Use root method to calculate the eigenvalues and
eigenvectors of eachmatrix and judge the consistency.
The consistency ratio is the quotient of index for the
random indices of the same-order matrix, which can
define the accuracy of the pairwise comparison. This
matrix is accepted when it is less than 0.10; otherwise
the values in the comparison matrices need to be
examined and adjusted. For example, pairwise matrix
for the criteria (i.e., risk of design, risk of control plan,
and risk of implementation) and the eigenvector of
weights are calculated as shown in Table 2.Thereafter,
different risk factors are compared in terms of each
criterion in the usual way.

(4) Perform the general hierarchical sequencing (i.e., cal-
culating the composite weight of each risk factor) and
check its consistency. The composite weights of risk
factors are obtained by the result of the multiplication



Mathematical Problems in Engineering 3

Table 1: Scale for pairwise comparison.

Relative intensity Definition Explanation
1 Of equal value Two requirements are of equal value
3 Slightly more value Experience slightly favors one requirement over another
5 Essential or strong value Experience strongly favors one requirement over another

7 Very strong value A requirement is strongly favored and its dominance is
demonstrated in practice

9 Extreme value The evidence favoring one over another is of the highest
possible order of affirmation

2, 4, 6, 8 Intermediate values between the two adjacent
judgments When compromise is needed

Risk
of
�ood
storage
in
ponds

Risk of information adequacy and reliability

Risk of parameter uncertainty

Risk of implementing decision

Risk of control plan

Risk of global climate change

Risk of mid-long-term rainfall runo� forecast miscues

Risk of indicator system uncertainty

Risk of economic losses uncertainty

Risk of implementing 
decision

Risk of �ood forecast miscues

Risk of dispatching decision

Risk of design

Figure 2: The system of risk factors for flood storage.

of each weight on the second level by its respective
weight on the third level. These results are shown in
Table 3.

Step 2. Principal component analysis (PCA) was used to
calculate the cumulative contributions of different factors,
which were expressed by the factor weights in a descending
order.

In general, PCA usually requires the extraction of total
amount of principal components to make its contribution
value greater than 0.85 (see Table 4); the accumulation rate of
the first five risk factors can reach up to 87.5%. On this basis,
the five factors are selected asmajor risk factors for the storage
of floodwater in ponds. These factors are the benefits loss
of uncertainty risk, the calculation methods and parameter
uncertainty risk, the long-term rainfall-runoff forecast error
risk, the dispatching decision-making risk, and the risk of the
real-time operation.

2.3. The Risk Evaluation Model and Method. By combining
the selected risk factors, the relationship between the risk
rates and the storage capacity of ponds was analyzed. The
preselected factors are grouped into three stages during the
process of storage of floodwater in ponds. By using the
probability theory, a two-dimensional risk evaluation model

for the storage of floodwater is developed, which is based
on the analysis of temporal and spatial dimensions and can
mathematically be expressed as follows:

𝑓 (𝑉𝑖, 𝑇𝑗) = 1 − (1 − 𝑓1) × (1 − 𝑓2 (𝑇𝑗) − 𝑓3)

× (1 − 𝑓4 (𝑉𝑖, 𝑇𝑗) − 𝑓5) ,
(1)

where 𝑓(𝑉𝑖, 𝑇𝑗) is the risk rate of the storage of floodwater
in ponds; 𝑓1 is the uncertain risk of the calculating methods
and parameters; 𝑓2(𝑇𝑗) is the uncertain risk rate of the
loss of the effectiveness; 𝑓3 is the risk rate of the error
of long-term rainfall-runoff forecast; 𝑓4(𝑉𝑖, 𝑇𝑗) is the risk
rate of dispatching decision; 𝑓5 is the risk rate of the real-
time operation. The methods to calculate the risk rate of
each factor, as defined above, are explained in the following
subsections.

2.3.1. Uncertainty Risks for Evaluating the Methods and
Parameters (𝑓1). There are many parameter values that are
hard tomeasure in an exactmanner. Systematic and sampling
errors occur in estimation of these parameters [16]. These
values induce the uncertainty for evaluating themethods and
parameters, for example, the selected methods for the long-
term rainfall forecasting and for the value of pond storage of
divisible flood volume. The risks are categorized differently
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Table 2: Pairwise matrix of the ratio of criteria to the objective and the criteria weights.

Risk of design Risk of control plan Risk of implementation Eigenvector weights Consistency ratio
Risk of design 1 1/3 1/3 0.140

0.046Risk of control plan 3 1 2 0.528
Risk of implementation 3 1/2 1 0.333

Table 3: The weight of risk factors of flood storage in ponds.

Risk of
flood
storage in
ponds

Risk of design Risk of control plan Risk of implementation
Risk of

information
adequacy

and
reliability

Risk of
parameter
uncertainty

Risk of
global
climate
change

Risk of
rainfall and

runoff
forecast
miscues

Risk of
indicator
system

uncertainty

Risk of
economic
losses

uncertainty

Risk of
flood

forecast
miscues

Risk of
dispatching
decision

Risk of
implement-

ing
decision

Weight 0.031 0.100 0.025 0.250 0.031 0.211 0.037 0.235 0.079

due to different methods and parameter values, which are
selected by the designers. Owing to these issues, the expert
“scoring method” is used to evaluate the risks.

2.3.2. Uncertainty Risk of Benefit Loss𝑓2(𝑇𝑗). Theuncertainty
involved in estimating the ratio of benefit to loss for the
storage of floodwater in ponds is mainly related to the aim of
utilization of the stored floodwater. Generally, the floodwater
resources stored in ponds are mainly used for irrigated agri-
culture and aquaculture. Therefore, the uncertainty involved
in these losses can be expressed in terms of achieved gains
for the agriculture and aquaculture. It can mathematically be
expressed as follows:

𝑓2 (𝑇𝑗) = 𝑘11 × 𝜇𝐴𝑗 + 𝑘12 × 𝜇𝐹𝑗, (2)

where 𝜇𝐴𝑗 is the contribution towards the gains in agriculture
during the period 𝑗; 𝜇𝐹𝑗 is the contribution towards the
gains in aquaculture during the period 𝑗; 𝑘11 and 𝑘12 are the
corresponding weighting coefficients for agriculture and for
aquaculture, respectively, which can be determined by the
ratio of agricultural benefits to the aquaculture benefits.

2.3.3. Risk Rate of Long-Term Prediction Forecasting (𝑓3).
The processes of rainfall and runoff are influenced by many
factors, such as astronomy, meteorology, physical geography,
and human activities, which can probably be determined and
randomized [17]. Although the application of mid-long term
rainfall forecasting in different programs can reduce the risk
for the storage of floodwater, the less accuracy problem of
forecasting model may result in risks. This risk of rainfall
forecasting may be attributed to the amount of estimated
rainfall by excluding the actual rainfall.

2.3.4. Risk of Dispatching Decision 𝑓4(𝑉𝑖, 𝑇𝑗). In case of the
storage of floodwater in ponds, the dispatching decision (i.e.,
to ensure when and how to use floodwater based on the pro-
cess of flood forecasting) for onward utilization of floodwater
is influenced by many factors, that is, the precipitation, the
rainfall-runoff forecasting, the dispatchingmanagement, and
the error in decision-making. The decision-makers having
different backgrounds (subject to their own experiences,

objectives, and concepts) may make different decisions for
scheduling the process [18]. By considering the actual process
for the storage of floodwater in ponds, the risks involved
in the dispatching decision are related to mid-long-term
rainfall forecasting error rate and to the characteristics of
local rainfall during the flood period. The mathematical
expression can be written as follows:

𝑓4 (𝑉𝑖, 𝑇𝑗) = 𝑃 (𝑉𝑖, 𝑇𝑗) × 𝑓3, (3)

where 𝑃 (𝑉𝑖, 𝑇𝑗) is the risk rate of overflow caused by the
rainfall in the later period, when the storage capacity of the
ponds is 𝑉𝑖. This can be expressed by using the frequency of
cumulating rainfall corresponding to the rate of input flow
which may fill the remaining volume of the ponds. It can be
calculated by the following steps: (1) calculate the cumulative
precipitation after flood storage in each of the following
periods (∑𝑅); (2) analyze the frequency of the accumulative
precipitation in each of the following periods using the P-III
curve; (3) the remaining volume of the ponds is filled with
rainfall (i.e., 𝑉 − 𝑉𝑖) provided that the volume of the ponds
is 𝑉; (4) the frequency of the needed precipitation can be
found during the analysis of P-III curve of the accumulative
precipitation in each of the subsequent periods.

2.3.5. Risk Rate of the Real-Time Operation (𝑓5). The risks
involved in real-time operation are caused by the sudden
failure for the storage of floodwater in the ponds, whichmight
be attributed to the low-quality equipment and the difficulties
incurred in communication. To measure these risks, expert
“scoring method” can always be used.

3. Case Study

3.1. Study Area. This study was carried out in Baicheng city,
which is located in the arid and semiarid region of the West-
ern Jilin province of China. The mean annual precipitation
measured at regional scale is approximately equal to 400mm.
Due to the varying temporal distribution, the precipitation is
mainly concentrated during the flood season (i.e., between
June and August). Precipitation in the flood season accounts
for about 80% of the annual precipitation [19]. From 1949
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Figure 3: Distribution scheme of river system, flood diversion, and storage projects in Baicheng.

to date, the databases reveal that drought is a major climatic
characteristic in Baicheng; the spring, summer, and autumn
droughts were recorded approximately equal to 91.4%, 77.9%,
and 79%, respectively. Keeping this in mind, the drought
significantly influences the production, life, and environment
and limits the regional economic development.

There are abundant extra water resources especially
during the flood seasons due to the eight numbers of
rivers including the one big river in Baicheng. The flood
of Nenjiang river passes aside to Baicheng after the flood
season, of which the intensity of streamflow is high and
the duration of streamflow is long. The runoff of Nenjiang
river during the flood season is approximately equal to
80% of Baicheng’s annual runoff. Baicheng has abundant
storage of floodwater, which includes reservoirs, wetlands,
ponds, and underground reservoirs. There are two large-
sized reservoirs, Moon Lake and Xianghai reservoirs, six
medium-sized reservoirs, and three small-sized reservoirs;
their combined storage capacity is approximately equal to
1.8 bcm (billion cubic meters), besides three great wetlands
having a total area of approximately 15 bsm (billion square
meters). These three wetlands are Xianghai, Momoge, and
Moon Lake (see Figure 3).

There aremore than 700 ponds in Baicheng and their total
area is approximately 0.8 bsm, of which only 71 ponds provide
storage capacity more than 3.0mcm (million cubic meters),
whereas their total volume is approximately 1.27 bcm. How-
ever, numerous ponds may either shrink or dry up and
sometimes behave like a desert owing to the following facts:
(1) the fact that the measures to store water are not being
taken and (2) the continuous drought conditions.This article
evaluates Cile pond (which contains total area approximately
equal to 10msm [million square meters] and the possible

storage capacity of water equal to 20mcm) as an example for
the storage of floodwater in ponds (see Figure 3).

3.2. Risk Evaluation of Flood Storage in Cile Pond

3.2.1. Values of Main Risk Factors

(1) Uncertainty Risk for Calculating the Methods and Param-
eters. Under this research work, the twenty experts were
invited to reply to the predesigned questionnaire in which
the various design parameters were evaluated on the scale
ranging between 0 and 1, where “0” means no risk and “1”
means absolute risk, on the basis of which the probable risk
factors and their likely influence on the model were also con-
sidered. To conclude, the aforementioned questionnaires give
an average uncertainty of approximately 1% for calculating
the methods and parameters.

(2) Uncertainty Risk of the Ratio of Benefit to Loss. Owing to
the fact that the agricultural revenue is higher than the fishing
revenue, 𝑘11 and 𝑘12 are assigned as 0.7 and 0.3, respectively.
The risk uncertainty of the benefit is calculated by considering
the statistical results of agricultural and fishing revenues by
using (2). The results are shown in Table 5.

(3) Risk of Mid-Long-Term Rainfall and Runoff Forecasting
Error. According to the statistical results of the mid-long-
term forecasting model, the frequency of rainfall forecasting
error is 10% when actual precipitation is more than the
predicted precipitation.

(4) Risk of Dispatching Decision. On the basis of daily precipi-
tation data of Baicheng between 1951 and 2007, the cumulative
precipitation between July and August was classified for
the period of 10 days. Comparing the frequency between
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Table 5: Uncertainty risk of benefit calculation.

Period Early July Mid-July Late July Early August Mid-August Late August
Risk rate (%) 12.3 12.0 11.6 10.3 9.8 9.8

Table 6: Factor index and grading for the project of flood control.

Flood control project Factor Lower risk Low risk Intermediate risk High risk Higher risk
Reservoir Integrated risk rate 𝑅0 0.00∼0.25 0.25∼0.50 0.50∼0.75 0.75∼0.90 0.90∼1.00
Flood diversion with dams Risk degree 𝑃𝑓 0.00∼0.25 0.25∼0.50 0.50∼0.75 0.75∼0.90 0.90∼1.00
Flood area Flood disaster risk degree𝐾 0.00∼0.25 0.25∼0.50 0.50∼0.75 0.75∼0.90 0.90∼1.00
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Figure 4: Scheduling the decision risk in case of Cile pond.

the later part of cumulative precipitation by P-III curve and
the precipitation used to fill the remaining volume of Cile
pond after flood storage.The risk rate for scheduling decision
of rainfall forecasting error can be calculated by using (3); the
results of the risk rate for flood storage in different period are
shown in Figure 4.

(5) Real-Time Operating Risk. On the basis of expert scoring
method, the real-time operating risk is 5%, which is the
same as the uncertainty risk for calculating the methods and
parameters.

3.2.2. Risk Evaluation. Risk values, involved in the storage
of floodwater between July and August in Baicheng, were
calculated by using (1). The achieved results are shown in
Figure 5.

The risks involved in the storage of floodwater in Cile
pond are regarded as variable during different periods of time
and during storage of floodwater (see Figure 5). In case the
storage of floodwater is same during different periods of the
time, the risk rate can be sorted as follows:

Early July >mid-July > late July> early August >mid-
August > late August

Meanwhile, for the case of same period, the risk involved
in the storage of floodwater increases as the storage increases.
The risk level increases on a faster scale when the storage
capacity exceeds a threshold value, that is, 17.2mcm, during
late August.
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Figure 5: Flood storage risk in case of Cile pond.

On the basis of conclusions derived by Ji et al. [20], the
risk grade of flood control for the storage of floodwater during
the flood season in Cile pond is evaluated on (1) the basis of
estimation of risk rate for the storage of floodwater, (2) the
table of factor index, and (3) the grading for the project of
flood control (see Table 6). One of the conclusions can be
drawn from both Figure 5 and Table 6 and is as follows: the
risk grade of Cile pond for the storage of floodwater between
July and August is regarded as low risk.

4. Conclusions

On the basis of analysis of risks for the storage of floodwater in
ponds, this article referred to the following main risk factors
for the utilization of the floodwater: uncertainty risk for
calculating the methods and parameters, uncertainty risk of
the ratio of benefit to loss, risk of long-term rainfall and runoff
forecasting error, risk of dispatching decision, and real-time
operating risk. This article further built a two-dimensional
model to evaluate the risks. Cile pond in Baicheng was taken
as a case study to demonstrate the validity of aforementioned
main risk factors and the model. On the basis of this research
work, the following conclusions are derived:

(1) In accordance with the analysis for the utilization
of the floodwater, the main factors for the storage
of floodwater in ponds were selected by using PCA
and AHP methods. These methods include an uncer-
tainty risk for benefit loss, an uncertainty risk for
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the calculating methods and parameters, a risk of
mid-long-term rainfall forecasting errors, a risk of
dispatching decision, and a risk of real-time opera-
tion. The main risk factors, which contribute to risk
rates, were sorted as follows:

Risk of mid-long-term rainfall forecast errors >
risk of dispatching decision > uncertainty risk
of benefit loss > uncertainty risk for calculating
the methods and parameters > risk of real-time
operation.

(2) A two-dimensional risk evaluation model, for the
storage of floodwater in ponds, was built on the
basis of dimensional analysis in space and time.
On the basis of relationship between the remaining
storage of floodwater in ponds and the possibility of
precipitation in the following period, the aforemen-
tioned model provides a method for the utilization
of floodwater in ponds and for the evaluation of risk,
whereas the ponds were located at the middle and
lower reaches of river.

(3) By means of analyzing the storage of floodwater in
Cile pond, the risks in different periods of time for
the same volume of storage were sorted as follows:

Early July > mid-July > late July > early August
>mid-August > late August.

Meanwhile, during the same period, the flood storage
risk was increased by increasing the flood storage. On
the basis of analysis, it is concluded that the aforemen-
tioned model of temporal and spatial dimensions can
be treated as reasonable.

(4) If the storage in ponds occurred in the early flood
season, then the storage would be great in volume and
the associated risks might be on the higher side and
vice versa. Next, the risk of flood storage is on the
lower side during late August.

(5) Generally, the risks were less and the risk grades were
on the lower side when the floodwater is stored in
Cile pond between July and August. Keeping this in
view, the most effective and safe utilization of the
floodwater resources in ponds can be achieved on
time by diverting the moderate floodwater and this
is highly depending on the current situations and the
flood forecasting.

The study for storage of floodwater in ponds is only in its
infancy. Currently, there are no detailed facts and figures
about the whole process. Next, the model of risk assessment
could be established which is based on floodwater storage
in real time. The risk can be evaluated by analyzing precip-
itation, runoff, time of flood storage, and control strategy of
ponds in nature. And it will be possible to calculate the risk
of the years ahead via long-term prediction forecasting for
further research.
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