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Abstract. Flood is one of the most frequent natural disasters in the world; therefore, it is the focus of
hydrologic research to reveal the effects of such factors as precipitation and peak discharge on the
hydrological and water environments. Taking the Jialingjiang Watershed as an example, this paper
collects the peak discharge data and historical data in the watershed and then studies the effects of
watershed flood peaks on the hydrology and water resources and water environment in the Jialingjiang
Watershed using the method combining data statistics and theoretical analysis based on the lognormal
distribution model, and predicts the peak discharge in this area using the three-parameter lognormal
distribution model. According to the research results, the parameter values are obtained for the
Jialingjiang Watershed in the three-parameter lognormal distribution model; the three-parameter
lognormal distribution model can reasonably reveal the scale effect law of the confluence area in the
watershed peak discharge distribution; and the flood discharge distribution in a small watershed is
significantly steeper than that in a large watershed. This study lays a theoretical foundation for the
evaluation and prediction of the basic situation of hydrology and water resources in different watersheds.
Keywords: watershed flood peak, hydrology and water resources, lognormal distribution model, runoff,
confluence area

Introduction

With the rapid economic and technological development, human activities are
bringing significant impacts on the global natural environment (Del Giudice et al.,
2014; Kuntiyawichai et al., 2014), resulting in changes in the runoff and hydrological
cycle paths in the basin and ultimately leading to changes in the characteristics of
hydrology and water resources (Al-Rawas and Valeo, 2010; Burton et al., 1997,
Cannistraro et al., 2017; Sanjeev, 2017; Zhang et al., 2014). Studies have found that
changes in the hydrology and water resources in the watershed can also cause errors in
the hydrological analysis data, which will result in differences between the research
results and the actual regional hydrological conditions and laws and consequently
adversely affect the development and effective utilization of water resources (Ademila
and Saloko, 2018; Olang and Fiirst, 2011; Guo et al., 2016).

Runoff is formed throughout the process from precipitation to water flowing out of
the area interface. Poorly developed runoff is one of the causes to flood (Chinnasamy et
al., 2017; Hoseini et al., 2016). As one of the major natural disasters in the world, flood
is always a threat to people’s lives and properties and land resources (Te et al., 2010). In
recent years, due to the over-exploitation of vegetation resources and reckless
development of land resources, the ecological environment has been gradually
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deteriorating, and floods have occurred frequently, causing serious losses to residents
near the waters (Enzel et al.,, 1993; Drake, 2014; Koutroulis and Tsanis, 2010).
Therefore, studying the occurrence rule and formation mechanism of flood is of
significant social significance to preventing and predicting flood.

The lognormal distribution model is a data analysis method used in cases where there
are random variables (Martinezgoytre et al., 1994; Xin and Venkataramana, 2012;
Zhang et al., 2001). In the analysis of the formation and development of watershed
flood peaks and their effects on the regional hydrological conditions, there are a series
of random variables such as peak discharge and confluence area. For some of them, the
distribution can be reasonably analyzed and the relationships between them determined
with the lognormal analysis model.

Based on the lognormal distribution model, this paper analyzes the variation law of
flood by analyzing the changes in rainfall discharge and flood characteristics in the
watershed, and then analyzes the regional variation characteristics of watershed flood
peaks and explores the effects of flood peak flow on the hydrology and water resources
in a certain area, with a view to providing certain support for the development of water
resources in watersheds and the summarization of the development patterns of
hydrology and water resources.

Materials and methods

In recent years, in order to characterize the relationship between the confluence area
and the peak discharge and their influences in the distribution of the annual maximum
peak flow, some scholars have proposed different distribution models for different
variable distribution forms (Gupta et al., 1994; Lanfredi et al., 1998). Studies have
shown that the lognormal distribution model can organically relate the flood peaks of
the watershed to its confluence area. Therefore, this paper uses the lognormal
distribution model to analyze the influences of the flood peaks in the Jialingjiang
Watershed on the hydrology and water resources.

Lognormal distribution function

The lognormal distribution is a continuous probability distribution function that can
be used to characterize the right-skewed distribution. After transformation of the
lognormal distribution function, if y obeys the lognormal distribution, then Iny obeys
the normal distribution, and the lognormal distribution probability density function is
shown in Equation 1, where z is the mean of the parameter x; and ox is the dispersion
of the parameter x, and it is always greater than zero. From this, it can be seen that the
curve of the logarithmic distribution function is determined by the corresponding mean
and the dispersion parameter. According to the graph of the lognormal distribution
probability density function as shown in Figure 1, when the logarithmic mean sany is
constant, the peak position of the probability density function graph is determined by
the logarithmic dispersion ociny. The greater the logarithmic dispersion, the wider the
convex part of the probability density function graph, and the more blunt the peak; and
conversely, the sharper the peak. When the logarithmic dispersion is constant, the peak
position of the probability density function graph is determined by the logarithmic mean
Liny. The smaller the logarithmic mean is, the more left the peak of the graph will go to,
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I.e. the smaller the x-coordinate of the peak will be; and conversely, the more right it
will go to and the greater its x-coordinate will be.

(In y’/‘lny)

o (0<y<+oo) (Eq.1)
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Figure 1. Lognormal distribution

The distribution characteristics of the above lognormal distribution function can be
determined by two parameters, logarithmic mean and logarithmic dispersion. However,
studies have shown that the shape of the lognormal distribution is generally
asymmetrical, so the degree of skew the curve distribution is also essential. In the
probabilistic statistical analysis, the coefficient of skewness Cs of the data distribution is
defined in Equation 2, where £ is the third-order center distance of y, and ¢ is the mean
square error of y. When the coefficient of skewness is 0, the lognormal distribution is
symmetric; when it is less than 0, the lognormal distribution is left-skewed; and when it
is greater than 0, the lognormal distribution is right-skewed.

_K
Cs - 0_3 (qu)

Two-parameter lognormal distribution model

The two-parameter lognormal distribution model is a distribution model proposed by
Prof. Smith, in which a random variable y is set to satisfy the two-parameter lognormal
distribution LN(y: x, 6%), where u is the mean of the random variable Iny; and ¢ is the
variance of Iny. If x is a random variable obeying the standard normal distribution, the
random variable y can be expressed by Equation 3. Both x and o°> have a linear
relationship with the confluence area S in the watershed analysis, then they can be
expressed by Equations 4 and 5, respectively.

y =exp(u + ox) (Eq.3)
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1 =n1+n2InS (Eq.4)
o2 =m1_malnS (Eq.5)

Combine the above equations, and we obtain Equation 6 can be obtained. If the
coefficient my is much greater than my, then Equation 6 can be approximated to
Equation 7, f(z) = exp(n1 + m1x) and 6(z) = n-0.5myx. Therefore, when u and o are in
linear relationships with the confluence area of the watershed, the relationship between
the flow Q of the watershed flood peak and the confluence area S is a power function.

y = exp(n1 + n2InS + V(m1-m2InS)x) (Eq.6)
Q = exp[n1 + n2InS + (m1-0.5mzInS)x] = f(z)S* (Eq.7)

Three-parameter lognormal distribution model

Experts and scholars have improved the two-parameter lognormal distribution model
and proposed a three-parameter lognormal distribution model to more accurately
analyze the inherent law of hydrology and water resources. In this model, it is
considered that the random variable y obeys the three-parameter lognormal distribution,
that is, LN(y: x4, 62, @). The random variable x obeys the standard normal distribution, so
the random variable y is expressed in Equation 8, and the mean of y is shown in
Equation 9. The mean x and variance o of the random variable Iny are still expressed
by Equations 4 and 5, while the parameter a is shown in Equation 10. The meaning of
each parameter is the same as above. Based on the above descriptions, the three-
parameter lognormal distribution model can be determined by six parameters - si, S2, N1,
n2, m1, My, and then the parameters related to the flood peak discharge distribution in
each confluence area S in the watershed can be obtained to determine the distribution
pattern of watershed flood peaks. At last, the regional analysis of the flood and the
estimation of the peak discharge in the watershed are conducted.

y=exp(u + ox) +a (Eq.8)
E(y) = exp(u + 0.56%) + b (Eq.9)
b = E(y) — exp(u + 0.56%)= e : A% — g"s¥™Ma/2 gra=ma/2 (Eq.10)

Flood peak data of Jialingjiang Watershed

This paper selects the annual flood peak data acquired at 31 hydrological stations in
Jialingjiang Watershed (as shown in Fig. 2) for study. The confluence area of each
station is controlled within 50-150,000 km?. The maximum peak discharge data of each
station in different years is shown in Table 1.

Results
Analysis of annual watershed flood peaks

According to the data in the Table 1, a double logarithmic relationship graph
between the controlled confluence area S at each station and the mean of the maximum
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peak values Q is drawn. f=0.01, 0.1 and 0.4 are shown in Figures 3, 4 and 5,
respectively. It can be seen that the relationship between logQ(S) and logS is
approximately linear, indicating that the peak discharge Q is scale invariant with the
confluence area. At different frequencies f, the slope of the line is different, which
represents the scale index. In other words, as the confluence area S changes, the mean Q
of the maximum peak values satisfies the multi-scale form.

Calculate the 1%-7"" moment M = E[Q"(S)] of each station, and plot the double
logarithmic relationships between the watershed area and the 2" order matrix and the
4" order matrix, as shown in Figures 6 and 7. Similarly, the relationship between
logM(S) and logsS (see Fig. 8) is approximately linear, indicating that the peak discharge
Q is scale invariant with the watershed area changing. Calculate the scale value ¢ at
different frequencies f through linear regression analysis, as shown in Table 2. It can be
seen that the scale index increases with the increase of frequency, indicating that the
peak discharge of a large flood in the low return period grows more slowly than that of
a small flood in the high return period. In other words, the peak discharge values of a
small watershed are more steeply distributed, which is in line with the actual conditions.

N
A =

Figure 2. Map of the Jialingjiang Watershed

Table 1. Flood data at different stations in the watershed

No.| Confluence area (km?) Mean value of flood peak discharge (m?3/s) Years (up to 2018)
1 254 235 21
2 5187 5068 30
3 91 86 25
4 90546 90428 24
5 8874 9857 18
6 632 649 38
7 14812 15065 29
31 6857 6843 42
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Figure 3. Double logarithmic relationship between peak discharge and confluence area
(f=0.02)
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Figure 4. Double logarithmic relationship between peak discharge and confluence area
(f=0.1)
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Figure 5. Double logarithmic relationship between peak discharge and confluence area
(f=0.31)
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Figure 6. Relationship between second-order moment and watershed area
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Figure 7. Relationship between third-order moment and watershed area
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Figure 8. Relationship between peak discharge and confluence area
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Table 2. Scaling index of peak discharge at different frequencies

P 0.1% 0.2% 0.5% 1% 2% 10% 15% 20% 31%
o(f) 0.538 0.542 0.547 0.552 0.578 0.609 0.657 0.673 0.701

Analysis on the application of the lognormal distribution model

According to the scale invariance feature, the peak discharge of the area where the no
existing data is available can be calculated based on the annual peak discharge of the
area where it is available. In this way, the probability distribution of the former can also
be obtained.

Take the hydrological station in the Jialingjiang Watershed as an example. The flow
control area of the hydrological station is 82,391 km?. According to the 35-year
maximum flow probability distribution map, the distribution of the flow data matches f-
3. Suppose another hydrological station, with a control area of 725 km?, has no data
available. Then, according to the scale index @ found in Table 2, the peak discharge
probability value of the area with no data can be obtained based on the existing data of
the area with data. Table 3 shows the calculated peak discharge values and the true
ones, which are almost consistent.

Table 3. Calculations for the application example

Q(A)(m?/s)

P(%) Q(Aref)(m?/s) True value Calculated value
0.1% 52264 4562 4412
0.2% 42142 3244 3135
0.5% 38263 2806 2709

1% 36021 2623 2645

2% 35682 2453 2346
10% 30347 2074 2012
15% 27803 1678 1789
20% 23649 1241 1231
31% 16323 954 924

Discussion

According to the three-parameter lognormal distribution model, the six parameters
(n1, N2, M1, My, s1 and s,) are used to determine the three parameters x, ¢ and b of the
lognormal distribution, and thus the distribution of the watershed flood peaks with
different confluence area S in the Jialing River Basin. Finally, the design peak discharge
in the area with no data can be estimated based on the existing hydrologic data of the
area with data.

According to the model, relevant data from 31 hydrological stations in the
Jialingjiang Watershed are selected, and the six parameters are all obtained: s; = 2.341,
s> =0.573; ny = 2.453, n2 = 0.756; and my = 0.273, m2 = 0.026. Based on this, the mean
u, the dispersions?® and the parameter b in the three-parameter lognormal distribution
model are determined. Then the distribution of the flood peaks in the Jialingjiang
Watershed is obtained according to the analysis in Section 3 above, and the effects of
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flood peaks on the hydrology and water resources in the watershed are determined,
together with preliminary evaluation on the water environment. The results also show
that the lognormal distribution model selected in this paper can reasonably predict the
impact of the flood peaks in the Jialingjiang Watershed on the conditions of hydrology
and water resources in this region.

Conclusion

Taking the Jialingjiang Watershed as an example, this paper collects the peak
discharge data and historical data in the watershed and then studies the effects of
watershed flood peaks on the hydrology and water resources and water environment in
the Jialingjiang Watershed using three-parameter lognormal distribution model. The
main conclusions are as follows:

(1) The three-parameter lognormal distribution model is more applicable to the
analysis and evaluation of hydrologic conditions in river watersheds than the two-
parameter one. The former can reasonably characterize the scale effect law of the
confluence area in the watershed peak discharge distribution.

(2) The peak discharge in the Jialingjiang Watershed changes with the confluence
area in a scale-invariant way; the values of the 6 parameters in the lognormal
distribution model can be determined according to the confluence area S, and then based
on this, the distribution of watershed flood peaks can be determined.

(3) The study on the effects of peak discharge in Jialingjiang Watershed on the
hydrological and water environments in this area further deepens our understanding of
the development patterns of and influencing factors to the hydrological conditions in
this area and provides technical materials and theoretical support for the rational
development of hydrology and water resources in this area in the next steps.
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