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Abstract 

Today, with the growth of population and consequently the increasing human need for water 

resources, lack of rainfall and surface currents in arid and semi-arid regions of the world, the 

exploitation of groundwater resources has increased and caused many problems in these non-

renewable resources. Therefore, it is necessary to study and predict the status of groundwater 

resources. In this regard, several approaches and methods such as modeling have been used. In this 

research, an attempt was made to investigate changes in water level using a hydrological model and 

numerical simulation of groundwater. Univariate frequency distribution functions and MODFLOW 

simulation model were used to create an operating system. Hydrological events including rainfall 

and drought were considered to evaluate the return periods and prediction of rate and time of the 

individual phenomena. The results showed that the 50-year return period is the best scenario for 

groundwater abstraction for agriculture. Groundwater balancing, artificial recharge and exploitation 

control are other ways of managing the water level. Rainfall was the main component of the decision 

system in the summer season and the depth of precipitation was evaluated as critical factor. 
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1. Introduction 

 

Since most of the world is located in arid and semi-arid 

regions, and due to low rainfall, mismatch between the 

time of rainfall and its location in the agricultural sector, 

which is the main water consumption, leads to a low crisis. 

Investigation of the trend of hydrological and 

hydrogeological factors is one of the basic requirements 

for the management of water area in aquifers and basins 

(Afshar et al. 2009; Dehghani et al. 2019). 

To investigate the long-term effects and consequences 

of various management decisions on groundwater level, 

Singh et al. (2012) developed a two-dimensional finite 

difference simulation model and applied it together with 

an optimization model to study the problems of salinity 

and wetland of regional lands in India. El-Kadi et al. 

(2014) used the MODFLOW numerical model with the 

aim of achieving sustainable exploitation of groundwater 

resources in South Korea, under climatic scenarios, 

cultivation pattern and pumping volume. The results of 

this study showed that with the maximum amount of 

extraction with 38% yield and 26 years of drought 

conditions and reduction of groundwater extraction, the 

average amount of water level will increase. In the study 

of Toth et al. (2016) to investigate the interaction of 

groundwater and related ecosystems, a three-dimensional 

numerical model was used to simulate the level of 

groundwater, using the MODFLOW software package. 

The results of this modeling clarified the pattern of 

groundwater flow and hydraulic behavior as well as the 
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hydraulic connections between the aquifer and its 

associated wetland. 

Hydrological uncertainty is generally in the form of 

probabilistic models and leads to the production of 

quantities of variables with multi-year event estimates. 

Hence, numerous examples of the application of 

probabilities in phenomena related to water research 

topics can be traced in the last two decades (Montanari 

and Grossi 2008; Zhu et al. 2014; Kong et al. 2018; 

Lalehzari and Kerachian 2020). For example, 

probabilistic modeling to take into account hydraulic 

conduction uncertainty in groundwater resources (Singh 

and Minsker 2004), flow uncertainty analysis in 

estimating the average weight of flood damage 

(Karamouz et al. 2018) and investigation of rainfall 

uncertainty in the design of urban runoff control system 

(Sun et al. 2011) has been studied. 

Kwon and Moon (2006) examined flood risk 

(hydrological risk) in the context of probability. In this 

research, important factors in risk analysis, uncertainty of 

random parameter values, type of uncertainty analysis 

method and type of probabilistic distribution of random 

parameters have been evaluated. Goodarzi et al. (2011) 

investigated the probability of flooding in southern Iran 

using frequency analysis of the two-variable logistic 

gamble distribution and Monte Carlo simulation. In this 

study, the stochastic variables of flood peak discharge, 

reservoir initial level and overflow coefficient are 

overflow. In flood management techniques, the use of 

probabilistic techniques has also been developed to 

evaluate structures in the face of destructive events of this 

phenomenon. The results showed that estimating the 

return period and developed risk functions can be 

effective in evaluating flood-related projects (Salas et al. 

2019; Maurer et al. 2018; Gao et al. 2019; Rahman and 

Bowling 2019). In one study, a probabilistic method was 

used to study the behavior of the Dongnai River in 

Vietnam. The results showed that the assumption of time 

stagnation in flood characteristics leads to low flood risk 

estimation. For example, the estimated flood 

characteristics for a 50-year return period in the steady 

state are the same as the flood characteristics for a 10-year 

return period in a moving state (Shenouda et al. 2018; 

Dong et al. 2019). Also, flow routing in dam reservoirs, 

volume and flood discharge as well as optimal design of 

flood diversion system are among the issues in the field of 

water management that face hydrological, hydraulic and 

economic uncertainties (Roughani et al. 2007; Zhang et al. 

2018; Zhang et al. 2019; Chen and Hobbs 2020). 

Seasonal design floods that reflect seasonally variable 

information are critical to reservoir implementation and 

management. The seasonal design flood estimation 

method currently used in China is based on the frequency 

analysis of a variable and assumes that the seasonal and 

annual design frequencies are equal, which neither meets 

the flood prevention standards nor the interdependence 

between different seasonal floods (Xiao et al. 2009; 

Rizwan et al. 2019). A case study for a reservoir in China 

was created by dividing the entire research period into 

different subcategories, the dependent structure of 

summer and autumn floods (Yin et al. 2017). 

Ahmadisharaf and Kalyanapu (2019) evaluated the 

uncertainty in estimating flood loss using a combined 

hydraulic and hydrological probabilistic structure. They 

developed two separate models for two-dimensional 

simulation of unstable hydraulic conditions and the 

rainfall-runoff model. The depth of rainfall in this case is 

one of the main sources of uncertainty in the issue. 

In this study a combined framework has been 

developed to estimate the groundwater fluctuations based 

on the different return periods of rainfall predicted by 

univariate frequency analysis. 

 

2. Material and methods 

 

2.1. Study area 

 

Huai River Basin is located in the east of China, which 

mainly consists of Huai and Yishusi River system. The 

flood of Huai River system mainly comes from the 

upstream of Huai River, Huainan and Funiu mountains 

area. According to the relevant statistical information, 

there have been 28 times of floods and droughts disasters 

since 1974 in Huai River. Hongze Lake is the large lake 

in Huai River, which have storage function. Under the 

design conditions, the capacity of reservoir is about 12 

billion cubic meters. Therefore, it is essential to control 

flood, resource utilization and ecological water. 

Transferring the flood water from Hongze Lake using a 

diversion tunnel is an advantage project for this area. Fig. 

1 shows the main flood hydrograph generated by flood 

recorder from 1974 to 2019. 

 

2.2. Determination of return periods 

 

In the first step, flood events between 1974 and 2019 were 

evaluated and flood return periods were calculated using 

univariate distribution functions. To select an event from 

among the generated functions requires a selection 

method which will be explained below. 

In this research, the sampling method used as a 

probabilistic model was as follows. 

   (1) 𝐺 = ∫ 𝑔(𝑋)𝑓𝑥 (𝑋)𝑑𝑋 = 𝐸[𝑔(𝑋)] 

where X = (𝑋1, 𝑋2, … . . , 𝑋𝐾)𝑇 = K-dimension vector 

of random variables and its density function. The 

developed sampling technique divides the feasible domain 

of each variable into an M interval with equal probability 

as shown in Fig. 2. Then, a random value is selected for 
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each interval. As a result, random data will be generated 

for each variable M and the expected value is estimated as 

follows: 

𝐺̅ =
1

𝑀
∑ 𝑔(𝑋𝐾1

𝑀

𝐾=1

, 𝑋𝐾2, … … . , 𝑋𝐾𝑚)                     (2) 

where XKm = the provided data for the random variable k 

in mth domain. The point intervals are obtained by: 

        (3) 

𝑃(𝑋𝑘𝑚 ≤ 𝑋𝑘 ≤ 𝑋𝑘,𝑚+1𝑃(𝑋𝑘𝑚 ≤ 𝑋𝑘

≤ 𝑋𝑘,𝑚+1) =
1

𝑀
   𝑚

= 0,1,2, … , 𝑀 − 1 

 

(4) 
𝑋𝐾 = 𝑋𝐾𝑂 < 𝑋𝐾1 < 𝑋𝐾2 < ⋯ < 𝑋𝐾,𝑀−1

< 𝑋𝐾,𝑀 = 𝑋̅𝐾 

where, Fk is a function of the cumulative density of the 

random variable Xk. In the next step, to obtain an M 

sample from the XK variable, a sample is randomly 

selected from each of the intervals when the endpoints are 

determined for all intervals. For this purpose, variables 

with uncertainty must first be identified. For example, in 

flood deflection system, flood discharge is considered as 

uncertainty variables. Based on the defined sampling 

system, the estimation of maximum flood discharge in 

different return periods using probabilistic models 

compared to the experimental method. The estimated 

values of Inverse Gaussian were considered as the 

predicted amounts of the model. 

The Mann-Kendall method is widely used in the 

analysis of hydrological and meteorological series trends. 

The Mann-Kendall nonparametric test was first developed 

by Mann in 1945 and then developed by Kendall in 1975 

based on data rankings over a time series. 

This method is widely and widely used in the analysis 

of hydrological and meteorological series trends. One of 

the strengths of this method is that it is suitable for time 

series that do not follow a specific statistical distribution. 

The low effectiveness of this method from the limit values 

that are observed in some time series is another advantage 

of using this method. The null hypothesis of this test 

indicates that the trend in the data series is random and 

there is no acceptance of hypothesis one (rejection of the 

null hypothesis) indicates the existence of a trend in the 

data series. This test was proposed by the World 

Meteorological Organization in 1988 and has been used to 

significantly study the trend of climatic series. 

 

 

Figure 1. Main flood hydrographs in the study area 

 

Figure 2. Schematic of the sampling method 
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Assumption zero in this test indicates the absence of 

trends in the data series and assumption one means the 

existence of trends in the data series. In this study, the 

computational method of Mann-Kendall test was used, 

which is determined from the following relation of S 

statistic. 

𝑆 = ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑖)

𝑛

𝑗=𝑖+1

𝑛−𝑖

𝑖=1

 (5) 

where xi and xj are the ordered values and n is the 

number of observations in the measurement data of each 

factor. The sign function can be calculated as follows. 

𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑖) = {

+1    if    (𝑥𝑗 − 𝑥𝑖) > 0

0       if    (𝑥𝑗 − 𝑥𝑖) = 0

−1    if    (𝑥𝑗 − 𝑥𝑖) < 0

 (6) 

Calculating the standardized values of the s-statistic 

requires calculating the variance, which can be calculated 

from the following relations of the values of variance and 

z: 

𝑉𝑎𝑟(𝑆) =
𝑛(𝑛−1)(2𝑛+5)−∑ 𝑖(𝑖−1)(2𝑖+5)𝑛

𝑖=1

18
    𝑛 > 10  

 

𝑉𝑎𝑟(𝑆) =
𝑛(𝑛 − 1)(2𝑛 + 5)

18
       n ≤ 10 (8) 

In the above equations, i indicates the frequency of 

assets. If the value of Z is greater than +1.96 or less than -

1.96, the data has a trend and the null hypothesis is 

rejected. Another estimator method is similar to the 

Mann-Kendall method based on the analysis of 

differences between observations in a time series. The 

advantages of this method can be applied to this method 

in time series that are not subject to any particular 

distribution. In this method, the geometric slope between 

the data is calculated and then the median of the slopes is 

determined from the following equation. 

𝛽 = 𝑚 (
𝑋𝑗 − 𝑋𝑖

𝑗 − 1
)         ∀          𝑗 > 𝑖 (9) 

In the mentioned relation, B is the estimation of the 

slope of the trend line and Xi, Xj are the consecutive 

observational values of j and i, where the negative values 

of B show the downward trend and the positive values 

show the upward trend in the series. Another method of 

calculating the trend in the data is the Petty test, which is 

to detect the point of failure change in the time series. The 

maximum values of s are selected and set to k and the 

value of p is determined from the following equation. 

𝑝 = 2𝑒
−

6𝑘2

𝑛3+𝑛2 (10) 

Values of p are less than 0.05 and indicate a breaking 

point in the data series. If the data series does not follow 

the statistical distributions, they use the following test 

method. This method is based on the sum of the modified 

Sk
* series, which is calculated in the following equations. 

𝑠𝑘
∗ = 0                                ∀            𝑘 = 0 (11) 

𝑠𝑘
∗ = ∑(𝑥𝑖

𝑘

𝑖=1

− 𝜇)   ∀      𝑘 = 1, 2, . . . , 𝑡 

(12) 

Q = max|𝑠𝑘
∗/𝜕|       ∀      1 ≤ 𝑘 < 𝑡 

(13) 

In this method, xi is the values of time series, µ is the 

mean of time series, ∂ is the standard deviation and k is 

the point of change. From different routing methods, 

factors such as water table of piezometers, annual flow 

volume in the river and precipitation values have been 

evaluated. The water table hydrograph was investigated 

using MODFLOW software. This model is due to its high 

capabilities and having different subroutines that can 

analyze various factors and conditions of the aquifer. The 

equation governing the flow shows the saturated porous 

medium under unstable conditions and the heterogeneous 

medium . 

𝐾𝑥𝑥

𝜕2𝐻

𝜕𝑥2
+ 𝐾𝑦𝑦

𝜕2𝐻

𝜕𝑦2
+ 𝐾𝑧𝑧

𝜕2𝐻

𝜕𝑧2
− 𝑅 = 𝑆𝑠

𝜕ℎ

𝜕𝑡
 (14) 

where K is the hydraulic conductivity in different 

directions, R is the input flow to the system, H is the 

hydraulic head, Ss is the specific yield and t is the time. In 

this study, the finite difference was used for simulation. 

 

3. Results and discussion 

 

3.1. Frequency analysis 

 

The results section consists of three separate sections, 

which are: selecting the frequency distribution function 

fitted to the flood data, calibrating the groundwater model, 

and finally changing the water table based on the selected 

return period.  

Fig. 3 shows the peak flow rates of the hydrograph in 

different return periods using different distribution 

functions. Univariate frequency distribution functions are 

a good criterion for proving the occurrence of 

hydrological events. Using this technique, predetermined 

values of events can be estimated that affect the design of 

hydraulic structures and their evaluation. Based on the 

analysis of evaluation criteria of the best distribution 

function in this study, generalized extreme values were 

obtained.  

The 50-year return period with a flow rate of about 

3800 cubic meters per second was selected as the base 

flow rate to calculate its impact on groundwater. The 

mechanism of effect of hydrograph on groundwater was 

calculated by simulating the interaction of surface and 

groundwater. Therefore, the hydrograph flow will be 

applied to the MODFLOW model based on surface 

feeding and will be transferred to groundwater. Therefore, 
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in this section, first, the calibration results of the 

groundwater model are discussed. 

 

3.2. Return periods 

 

The groundwater model was simulated by calibrating 

hydraulic conductivity and special discharge. Table 1 

shows the calibrated values of hydraulic conductivity and 

specific discharge for 10 observation wells. According to 

the results, the hydraulic conductivity varies between 1 

and 10 meters per day. These values indicate that the 

porous medium is composed of silty loam soil. In 

addition, the specific discharge changes were similar to 

hydraulic conductivity. The range of its changes has 

increased or decreased by about 30%. The speed of 

surface water transfer to groundwater using these values 

reaches about 11 mm per hour. Therefore, in a surface 

feeding, it can be expected that a significant volume of 

flood to reach the peak point of the hydrograph to feed 

groundwater. Construction of flow collection and control 

structures in this area can increase the aquifer feeding 

potential.

 

 

Figure 3. Peak flow (m3/s) for the inlet hydrograph calculated using different distribution function 

 

Table 1. Results of hydraulic conductivity and specific yield 

Observational wells 

Hydraulic conductivity Specific yield 

(m/day) - 

K P% Min Max Difference sS P% Min Max Difference 

OW1 2.4 0.95 1.9 3.2 1.3 0.04 0.95 0.030 0.050 0.020 

OW2 6.4 0.95 5.1 8.4 3.4 0.10 0.95 0.080 0.134 0.054 

OW3 1.4 0.95 1.1 1.8 0.7 0.02 0.95 0.018 0.029 0.012 

OW4 3.5 0.95 2.8 4.6 1.9 0.06 0.95 0.044 0.073 0.029 

OW5 5.4 0.95 4.3 7.1 2.9 0.09 0.95 0.068 0.113 0.045 

OW6 4.5 0.95 3.6 5.9 2.4 0.07 0.95 0.056 0.094 0.038 

OW7 1.3 0.95 1.0 1.7 0.7 0.02 0.95 0.016 0.027 0.011 

OW8 9.5 0.95 7.5 12.5 5.0 0.15 0.95 0.119 0.199 0.080 

OW9 7.3 0.95 5.8 9.6 3.9 0.12 0.95 0.092 0.153 0.061 

= Probability Percentage P%= Specific Yield;  sK = Hydraulic Conductivity; S 

 

 

Figure 4. Groundwater level fluctuations in different observational wells 
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3.3. Groundwater levels 

 

Water table changes due to aquifer feeding with a return 

period of 50 years are shown in Fig. 4. Flood feeding to 

groundwater can increase the water table level in different 

observation wells by 80 to 230 cm. Well one had the 

highest increase in height and well number two had the 

lowest increase in height. The results showed that the 50-

year return period is the best scale for aquifer feeding due 

to soil hydraulic conditions. In addition, the application of 

a higher return period causes water loss as surface runoff 

and the flow control structure is not economically viable.  

In the lower returns period, flood management will be 

easier and the aquifer will receive all the hydrograph 

water, but it can not be considered as a sustainable flood 

management option. Creating structures for such flows is 

not cost effective. 

 

4. Conclusion 

 

In this study, a three interconnected structure is planned 

to predict, control and infiltrate floodwater. It should be 

noted that the intended flood flow is taken into account 

after agricultural use and environmental needs. The 

frequency distribution function of generalized limit values 

was obtained by performing analysis as the best 

hydrograph prediction criterion. The predicted peak flow 

using this method for the 50-year return period was 

estimated at about 3800 cubic meters per second. This 

flow has increased the height of the water table to an 

average of about 120 cm. The use of this method is 

important for areas without statistics and with agricultural 

uses and can be recommended. 
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