
water

Article

Evolution of Flood Regulation Capacity for a
Large Shallow Retention Lake: Characterization,
Mechanism, and Impacts

Zhandong Sun 1,*, Qun Huang 1 and Tom Lotz 1,2

1 State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology,
Chinese Academy of Sciences, Nanjing 210008, China; qhuang@nigals.ac.cn (Q.H.);
tom.lotz@outlook.com (T.L.)

2 University of the Chinese Academy of Sciences, 19(A) Yuquan Road, Beijing 100049, China
* Correspondence: sun@niglas.ac.cn; Tel.:+86-25-86882104

Received: 29 June 2020; Accepted: 12 October 2020; Published: 13 October 2020
����������
�������

Abstract: The retention lake often plays an important role in flood mitigation through the water storage
and the lake–river interactions. However, the evolution of real-time flood regulation capacity remains
poorly characterized. Using wavelet decomposition and flood peak removing ratios, this study
presents a comprehensive evaluation of the characterization, mechanism, and impacts of the flood
regulation capacity in Dongting Lake. The results indicate that the change of flood regulation
effect of the lake can be well reflected by the multi-year changes in the variances of the inflow and
outflow runoffs. The wavelet decomposition indicates that the flood regulation of the lake is mainly
functioned on the high-frequency floods with durations less than 32 days. The average yearly flood
peak removing ratios range from 0.13 to 0.56, but no significant tendency changes on the effect of the
flood regulation capacity has happened during the study period. The changes in maximum regulation
volume reveal that the flood regulation of the Dongting Lake is mainly a passive process decided
by the complex river–lake relationship and the interactions among different processes of discharge
and sediment. The impacts from the large volume reduction caused by sedimentation in the lake
is compensated by the increased flood controlling water level, which in turn have resulted in the
new phenomenon of “normal discharge, high water level and disaster” in the lake regions after the
1990s. The significant impacts on the lake–river relationship caused by the sediment reallocation from
the operation of the Three Gorges Reservoir (TGR) have further changed the hydrological regimes
between the lake and the Yangtze River. Influenced by the new lake-river interaction pattern the
discharge passing capacity downstream the outlet of the lake is becoming a key factor that affects the
flood regulation capacity, which is leading to a shift of the flood pressures from the lake region to the
downstream of Yangtze in the near future.

Keywords: flood regulation; wavelet decomposition; lake–river relationship; Dongting Lake; Three
Gorges Reservoir (TGR)

1. Introduction

Lake–river systems are among the most diverse and dynamic ecosystems benefitting from
the natural fluctuations of water level rhythms [1,2]. Hydrological connectivity and flood pulses,
as the central aspects for the integrity of a lake–river system, have been largely altered by river
regulations [3–5]. In view of the comprehensive ecological effects of lake–river interaction, lake water
retention has received more concerns in floodplain regions [6,7]. Water residence time mainly focuses
on reservoirs or run-of-river dams [8]. Hydrological regimes of lake and river are extensively altered
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by damming and water diversion [9,10], as an enlarged channel storage lake plays an important role
in alleviating flood and maintaining wetland ecology [11,12]. Retention lake affects not only flood
peaks and smooth flow pulses, but also affects ecosystems by complex water level fluctuations [3].
The failure of management on wetlands often results in big impacts on storm water retention [13,14].
The volume, extent, and shape of a lake are the basic aspects that determine its regulation capacity [15].
The evolution of a lake–river relationship further complicates the regulation processes [13,16,17];
associated with other human and natural impacts, the regulation processes often exhibit different
patterns and rhythmic [7,18].

The ability of a lake to regulate river runoff mainly lies in storing inflow and smoothing flood
peaks [19]. Due to their large water storage capacities, large retention lakes can significantly reduce
inflow peaks during the flood season [9,20]. The area and water storage capacity are only static
parameters of flood regulation for lakes that freely connect to downstream rivers. Since the outlets
of lakes are freely connected to river channels, a lake’s function on flood regulation largely differs
from that of reservoirs—the total regulation volumes of lakes are much more uncertain, passive,
and changing [20,21]. The residence time of lake water depends not only on the area and volume of
the lake, but also on the complex changing lake–river relationship.

Lakes in the middle reaches of the Yangtze River attract much attention, due to the complex
relationship with connected rivers [9,19,22]. The middle reaches of the Yangtze River have long been the
most severe flood region, and about three-quarters of China’s floods are caused by the Yangtze [21,22].
The region hosts the largest cluster of retention lakes for flood, which play a vital role in real-time
flood mitigation [11,20]. The dynamics of flood regulation capability attracts particular attention,
because of lake changes and its complicated interactions with the Yangtze River [21,22]. Dongting
Lake has experienced dramatic changes in area, basin structure, and volume under the context of
continuous farmland reclamation, sediment deposition, and change of lake–river relationship [23].
The river management and its effect on lake–river relationship has also efficiently altered the lake’s
flood regime [16,17]. Both the inflow and outflow of Dongting Lake have been significantly passively
regulated by the operation of the Three Gorges Reservoir (TGR) since 2003 [21,22,24]. The TGR has
complicated the lake–river relationship not only by interception, but also by geomorphic response to
river flow regulation of downstream dams [25,26].

The changes in the area of the lake and the effects of such changes on flood regulation capacity
have been extensively discussed [15,22]. In particular, studies have disputed the understanding of the
new phenomenon of “normal discharge, high water level and disaster” in Dongting Lake since the
1990s, in view of changes in the flood regulation capacity [27,28]. Some of the studies indicated that
the decrease in lake volume caused by deposition and farmland reclamation had resulted in a decrease
in the flood storage and regulation capacity of the lake, which in turn aggravated flood disasters [28].
However, the hydrological analysis, based on the changes in climates and lake–river relationship,
shows that the volume changes in the lake may not be the main factor of the flood disasters [23,28,29].
Meanwhile, the timescale difference in floods also complicates things [30]. Potential risks have
highlighted an evaluation on the characterization, mechanism, and impacts of flood regulation capacity
of the retention lake from a new perspective [31,32].

Different lakes exhibit difference in the flood regulation processes, but the basic principal of flood
regulation capacity of lakes is similar. The flood wave is deformed on its way of propagation, and such
effect is of special significance when passing the retention lake [20]. Characteristics of inflow and
outflow are extended and used in flood mitigation studies for rivers and lakes [33,34]. Although the
multiscaling theory attracts attention in the study of hydrological scale, there are still many restrictions
on multiscale decomposition by traditional analysis [35,36]. The synthetic wave decomposition theory
provides a new way for investigating the no-stationary processes of hydrological time series [37].

The flood regulation effect of the lake on a flood is similar to that of a low-pass filter in physics,
by smoothing the fluctuations of the inflows. The wavelet filter computation shows advantages in
extracting and measuring such processes [38,39]. Therefore, the actual changes in the flood regulation
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capacity of the lake can be revealed by comparing the changes in the variances of different timescale
inflow and outflow processes. The objectives of this study are to: (1) describe the flood regulation
characteristics by using the discrete wavelet decomposition on the inflow and outflow runoff processes;
(2) unveil the changes in the actual flood regulation capacity of the lake over multiple years by flood peak
removing ratio; and (3) investigate the mechanism of flood regulation capacity and possible impacts.

2. Data and Methodology

2.1. Study Area

The Yangtze River floodplain once contained hundreds of lakes, which freely connected with
the Yangtze River prior to the 1950s. However, human settlement and utilization of catchment
resources have exerted great pressures on the lake’s eco-hydrology, by changing their morphology
and connectivity with the Yangtze River [23,40]. As one of the largest shallow lakes in China,
the area of the Dongting Lake exceeded 6200 km2 in 1825. Due to sediment deposition and farmland
reclamation, its area decreased to 4350 km2 in 1949. A large-scale farmland reclamation around the
lake, which started in the 1950s, further decreased the area to the current 2625 km2. The evolution
process eventually resulted in a very complicated drainage system in the lake region (Figure 1).

The lake has a pivotal role in the flood control for the middle reaches of the Yangtze River [22,40].
As an efficient flood regulation place, the lake residence period ranges from a day to more than a
month. During the catastrophic flood in 1954, the Dongting Lake reduced the flood peak discharge by
27,400 m3/s (40% of the total discharge), retarded the flood peak by 3 days, and significantly reduced the
flood pressure on the downstream of the Yangtze River. With the large-scale wetlands reclamation and
intensive sediment deposition in the lake area, the volume of the Dongting Lake has rapidly decreased
attracting more attentions on the evaluation of actual changes in the flood regulation capacity of the
lake [23].

As one of the world’s largest dams, the Three Gorges Reservoir began to impound water and
sediment discharge in 2003. The operation of the Three Gorges Reservoir reduces the frequency of major
flooding downstream from once every ten years to once every 100 years. However, its operation has
also resulted in great concern for the lake–river relationship and environmental response downstream
from the dam, due to its large uncertainties [21,41].

The Yangtze mainstream delivers water and sediment into Dongting Lake through three inlets
(i.e., Songzi, Taiping, and Ouchi). In addition to the other four independent tributaries (i.e., Xiang
R., Zi R., Yuan R., and Li R.), these streams form the complex lake–river network system (Figure 1).
After the regulation by the lake, the water runs into the mainstream of the Yangtze River via the
outlet at Chenglingji. When large floods occur in the middle Yangtze River, the slow water flow at the
junction of Dongting Lake always leads to a longer flood retention time and a higher lake flood level,
due to mutual flow congestion. The fluctuation of the water level could change up to approximately
18 m at the outlet [20,21].
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Resources Survey Bureau. 
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Figure 1. Lake basin, complex hydrological networks, lake–river relationship, and gauging stations in
the Dongting Lake region.

2.2. Data and Methods

The basic analysis data include the topographies of the lake basin digital elevation model (DEM),
the daily runoffs of the four rivers in the Dongting Lake basin, the daily runoffs at the three inlets
from the south bank of Yangtze River, and the daily runoffs at Chenglingji and Luoshan around the
outlet of the lake between 1955 and 2010, as well as some sediment data from the Bulletin of Yangtze
River Sediment. The lake basin DEM is based on the 1:100,000 relief map in 1952, and the field survey
data in 1998. The hydrological data are mainly provided by the Yangtze River Hydrology and Water
Resources Survey Bureau.

Different lakes show some different mechanisms on flood regulation processes in detail, but the
basic principal of flood regulation capacity of the lakes are similar. Since the sediment impact on the
lake often happens long-term, the regulation capacity of the lakes stays relatively stable during short
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periods. The area and volume are basic static parameters of the real-time flood regulation capacity
for lakes that freely connect to downstream rivers. The actual flood peak regulation capacity for
such a lake can be described as a function of the water level within a specific time period and the
corresponding surface area of the water, as represented by

∆Q = ft(S, ∆l) (1)

∆Q is the real-time flood regulation capacity; S is a fixed number within a certain time period
that is approximately equal to the maximum surface area of the water; ∆l is the actual water level
increase in the lake during the flood regulation for a single or compound flood peak; and t is the
length of the retention time. ∆l is determined by factors such as the jacking and the encounters and
conveyance capacities of rivers and lakes under complex river–lake relationship conditions, and it is
also closely related to the length of the time period t. In other words, except for the available water level
increasing space, the lake–river relationship directly affects the regulation function of a lake. Therefore,
the flood regulation capacity of the lake should be analyzed in different time periods, considering the
lake–river relationship.

The maximum regulation volume has always been an important index in the flood regulation
capacity, since each specific flood exhibits different long durations. In general, the maximum regulation
volume, W, of a retention lake for a given regulation process could be calculated by

W =
n∑

t=1

[(It −Ot) × ∆t] (2)

where It is the inflow and Ot is the outflow at time t; ∆t is the sampling time; and n is the number of
flow records for the entire regulation process of a flood.

In this case study, the focus is to evaluate the overall regulation capacity of the lake, which is an
integrated effect of the lake for all inflows at the same time. Thus, the combined inflow to the lake
is calculated, with the composition of the simultaneous runoff into the lake making it easier to use
the wavelet analysis. The yearly maximum regulation volume is calculated according to the annual
maximum combined flood to the lake and the corresponding outflow of the lake.

The long-term evolution of flood regulation capacity is measured by the flood peak removing
ratios. The flood peak removing ratios, K, is defined as

K =
Imax(t) −Omax(t)

Imax(t)
(3)

where the Imax is the maximum inflow and Omax is the maximum outflow of the lake. In this study,
the K is calculated based on the combined inflow and outflow at the outlet of the lake.

Since the flood regulation effect of a lake is reflected by the changing of waveforms of the inflow
and outflow flood peaks, the difference between the maximum inflow flood peak value and the outflow
flood peak value thus can be used to measure the flood regulation capacity, which is particularly
suitable for single flood peak regulation objectives (e.g., medium- to small-scale lakes and reservoirs).
However, the process of flood peak regulation in the Dongting Lake area is a typical process of
compound floods processes. The flood peak removing capacity is affected by factors such as the flood
peak shape, the flood peak combination, and the water level at the start of the regulation process.
The flood peak removing processes are generally different from time to time. The wavelet spectrum
of discharge represents well the slow, middle, and fast flow components of the natural hydrological
system [42]. Because the actual floods of the Dongting Lake are complex compound flows, the inflow
and outflow flood processes are first decomposed into several flood wavelets with different lengths,
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using the wavelet decomposition technique [11,38]. The principle idea of wavelet analysis is to process
the time series as a signal.

WT(α, τ) =
1
√
α

∫
∞

−∞

f (t) ×ψ(
t− τ
α

)dt (4)

α is a scale factor controlling the time ranging in the wavelet function. When α decreases, the wave
shape of wavelet becomes narrow in time, thus, the high frequency dynamics were detected and
vice versa; τ is a translation factor controlling parallel movement. Different to the Fourier transform,
which can get only the spectral frequency, wavelet decomposition focuses on both the time and frequency
domains, and eventually succeeds in a multiscale processes analysis. Lots of studies used it to identify
the temporal variability, and detect and distinguish the contributions from multi-factor-induced
patterns [38,39].

In this study we used the Symlet technique, which is proposed as a modification to the db wavelet
family [43]. Based on the actual process of flood waves, the method can reveal superposition of
several wavelets with different wavelengths, and also quantify the contribution of each component [11].
The multi-year changes in the actual regulation capacity then were analyzed using medium- to
small-scale wavelet variances based on the changes in the peak removing ratio of the lake.

3. Results and Discussion

3.1. Wavelet Decomposition for Inflow and Outflow

For a large retention lake like Dongting Lake, its real flood process is often formed from
the superposition of several flood wavelets with different wavelengths and amplitudes [21,30].
The wavelength is normally decided by the climate patterns and attributes of the sub-basin where the
flood stems from. Influenced by the seasonal variation, the actual flood duration in Dongting Lake is
less than two months. Thus, the wavelet analysis was conducted with six timescales, e.g., 2, 4, 8, 16, 32,
and 64 days. The comparison between the wavelet decomposition of the inflows and outflows of the
lake (Figure 2) shows a significant difference between the high-frequency fluctuations of the inflow
and outflow processes in the lake.

From Figure 2, the flood regulation of the lake is mainly functioned on the high-frequency floods.
After being regulated by the lake, the high-frequency fluctuation of inflow flood waves is significantly
reduced (from d1 to d5). In general, the shorter of the inflow wave is the higher in fluctuation removing.
The flood peaks of 1–2 days have been almost entirely smoothed by the lake, indicated by the d1
composition. The flood peak smoothing capacity gradually changed with the elongation of the flood
period. After the 5-level decomposition process, the low-frequency parts of the inflow and the outflow
processes were almost the same, indicating a weak regulation capacity of the lake for the long wave
process. The extracted regulation characteristics are consistent with the actual flood situation in the
Dongting Lake region.
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Figure 2. The wavelet decomposition of different frequency fluctuations for inflow and outflow of
the lake. S is the original flow series, d1 to d5, and a5 represents the decomposition of 2, 4, 8, 16, 32,
and 64 days.

3.2. Characteristics of the Flood Peak Removing

The wavelet decomposition of the inflows and the outflows of the lake reveals the differences
in the variances of the respective wavelengths by the comparison of the standard deviation (Std).
To reflect the regulation effects on floods of different timescales, the statistics on standard deviation of
different decomposition levels are compared for inflow and outflow between 1955 and 2010 (Figure 3a).
In general, the reduction effects on the fluctuation of inflows of the lake decrease with the increase
of fluctuation duration. The lake is efficient in reducing the fluctuations in the runoff processes of
durations less than 32 days (levels 1–5) from the comparison of the standard deviation (Std) of the
wavelet decomposition between inflows and outflows. The removing amounts of level 1, level 2,
and level 3 wavelet variances reach 437.6 m3/s, 797.4 m3/s, and 846.0 m3/s (66.7%, 64.2%, and 47.7%),
respectively; this corresponds to time periods of 2 days, 4 days, and 8 days, respectively. The removing
amount of a level 4 flood wave with a period of 16 days decreases to 602.9 m3/s (29.2%). The removing
amount for a flood wave with a period of 32 days decreases to 486 m3/s (20.1%). The removing amount
is up to 3170.1 m3/s (45.5%) on average for the runoff processes with durations less than 32 days.

Since the removing of fluctuations on inflows of the lake mainly functions on floods with durations
less than 32 days (levels 1–5), the removing ratios of the standard deviation (Std) for the decompositions
of levels 1–5 have been calculated year by year, from 1955 to 2010, to present the long-term evolution of
the removing ratios of flood peaks. By means of a comparison of the changes in the standard deviation
(Std) of inflow and outflow of the respective decomposition, the fluctuations removing ratios of the
lake for medium- to small-scale flood peaks is calculated (Figure 3b), and indicates that the annual peak
removing ratios for the inflows range from 0.13 to 0.56. Even though the flood peak removing ratios
exhibit narrow ranges from year to year, its evolution does not show a significant tendency change
in the long term. The highest value, 0.56, appears in 1998, which is correspondent to the devastative
floods in the study regions. The ranges of the fluctuations in removing ratios for flood peaks shorter
than medium-scale reveal the characteristics of the lake regulation, but the mechanism of the regulation
capacity of the lake is more closely connected with the changes in maximum regulation volume.
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Figure 3. Comparison of the standard deviation (Std) of the wavelet decomposition between inflows
and outflows (a), and the removing ratios of the Std for medium- to small-scale flood (b).

3.3. Mechanism on the Regulation Capacity of the Lake

The maximum regulation volume of the lake is often decided by the systematic relationship of
inflow discharge, real-time volume in lake, and discharge capability downstream of the outlet of
the lake, which is used to reflect the essence changes in a flood regulation system. The maximum
regulation volume of the lake each year is calculated based on the maximum inflow combined with
the flood peak discharge and the corresponding outflow flood peak discharge (Figure 4a). The daily
mean discharge of the largest flood peak of each year reduced by the lake ranges from 5.5 × 108 m3

to 32.1 × 108 m3, and the multi-year mean discharge of the largest flood peaks reduced by the lake
is 14.6 × 108 m3. In general, the annual maximum regulation volume does not exhibit a significant
tendency of variation, which indicates that the changes in lake volume have not affected the maximum
regulation capacity significantly.

In other words, during the study period, no systematic changes on the flood regulation effect
happened. The regulation effect on flood of the lake is mainly decided by the characteristics of the
inflow floods, or, to also say, that the inflow discharge peaks are still within extent of the flood that the
lake could regulate. This judgement is also confirmed by the efficient removing ratio of the fluctuations
for the most devastative floods in 1998. From this perspective, the flood regulation capacity of the
Dongting Lake is a passive process, and is effective for most of the regional floods.Water 2020, 12, x FOR PEER REVIEW 9 of 13 
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Figure 4. Dynamics of the maximum flood regulation volume (a), and relationship between the flood
peak reduction ratio and the water level difference downstream of the lake (b).

Flood regulation in lakes is largely different from the flood regulation in reservoirs, due to its free
connection to the downstream rivers. The variation of the water level difference downstream from the
outlet of the lake between Chenglingji and Luoshan (Figure 4b) exhibited a negative correlation with
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the trend of the flood peak reduction ratio of the lake over multiple years. Such a relation indicates
that in the past decades, the discharge capacity downstream from the outlet of the lake is a decisive
factor for the flood regulation capacity of the Dongting Lake.

Due to its large extent in space of the Dongting Lake, there are changes in water levels of different
lake areas. The volume of the lake was calculated according to several flood control water levels
around the lake. Since 1949, both area and volume have experienced big changes (Table 1). After 2003,
the sediments in the lake have decreased significantly, thus the lake volume did not have big changes
since then. However, by which means does this large volume reduction from sedimentation in the lake
have not impacted the effect of the flood regulation capacity? The regulation effect on flood during the
study period is characterized by the inflow floods, but its regulation processes are still decided by the
discharge passing capacity within the complex river–lake system.

Table 1. The area and volume evolution of the lake.

Year 1949 1954 1958 1971 1977 1984 1995

Area (km2) 4350 3915 3141 2820 2740 2691 2625
Volume (108 m3) 293 268 228 188 178 174 167

The data were corresponding to the water level of 33.50 m at the lake outlet.

The discharge passing capacity, determined by the river–lake relationship downstream from the
outlet, is one of the core factors that affects the flood regulation capacity of the lake. This dynamic can
be changed both by the water level increase in the lake and the water level decrease in the river channel.
The sediment is about 0.017 m/a within the lake [23,27], and about 10 billion m3 volume has been taken
away since 1954. To cope with flood threats, the dikes around the lake have been heightened and
strengthened continuously. Through these measures, the flood-controlling water level in the lake was
increased. The record water level at the outlet of the lake was 33.95 m during the most serious flood in
1954, but it was recorded at 35.80 m for the less serious flood in 1998. The highest flood water level has
increased about 1.9 m. This change largely increases the water level difference between the lake and
mainstream of the Yangtze River, which in turn benefits the discharge passing capacity of the lake.

The large volume reduction caused by sedimentation in the lake is compensated by the increased
flood controlling water level for the flood regulation capacity, but the increasing of flood controlling
water level in the lake worsens the flood situation of areas connected with the lake, and has resulted in
the new phenomenon of “normal discharge, high water level and disaster” in the lake regions after
the 1990s [21,23]. As a result, it becomes more common that the water level exceeds the historical
value with some normal flood events; that is to say, the lake kept its flood regulation capacity after the
decrease in its area and volume, but exhibited some new effects in hydrology.

3.4. Impacts from the Operation of the Three Gorges Reservoir

In view of its potential impacts on the flood regulation capacity, the lake–river relationship
evolution caused by the operation of the Three Gorges Reservoir has attracted more attention.
The long-term decrease of diversion ratio of water and sediment from the Yangtze River to the
Dongting Lake is becoming the primary factor affecting the flood regulation capacity [15,21,44].
From Figure 5a, the sediment from the Dongting Lake catchment has start to decrease since 1983,
and the sediment from the upper Yangtze has decreased since 2000. Both sources have come into an
extremely low period after 2003, and the yearly average sediments decreased to 0.95 × 107 m3 t and
0.55 × 107 m3 t, respectively (62.7% and 88.7% compared with the average before 2003). As a result,
the Dongting Lake, for the first time, has changed from trapping to supplying net sediment to the
Yangtze River in 2006 [21]. According to the evaluation, the sediment load around the lake may reach a
new balance in more than 50 years [45]. This will directly affect the water level difference downstream
from the outlet of the lake.
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Figure 5. The changes of sediment transport from the lake catchment and the Upper Yangtze (a),
and long-term evolution trend of the water level difference downstream the outlet of the lake (b).

Compared with the climate-induced droughts, the lake droughts caused by the dam operation
often attract more concern [31,32,46]. The long-term evolution trend of the water level difference
downstream from the outlet of the lake (Figure 5b) shows that the water difference downstream from
the outlet of the lake is coming into a new stage since the operation of the Three Gorges Reservoir
commenced in 2003. The significant impacts on the lake–river relationship by sediment reallocation
from the operation of the Three Gorges Reservoir (TGR) alter the lake–river hydrological regimes.
To measure this effect, the water level difference between the outlet of the lake at Chenglingji and the
mainstream of Yangtze River at Luoshan has been calculated, based on the daily water level records,
to reflect the discharge passing capacity downstream from the outlet of the lake (Figure 1). The water
level difference has started to widen during the flood season (April–September), which increased about
0.15 m on average. A high water level difference means a better condition for fast water releasing from
the lake. Thus, the discharge passing capacity downstream from the outlet of the lake is becoming a
key factor that affects the flood regulation capacity. If this trend lasts, it will lead to a shift of the flood
pressures from Dongting Lake to the downstream of Yangtze.

On the other hand, the water difference between flood season and the low water period becomes
less significant. Especially, during the impound period after September, a decreased river flow has
drastically decreased the diverted water from the Yangtze River to the Dongting Lake via the three inlets
(Figure 1). As a result, a contemporary hydrological drought has arisen in the lake regularly [20,24].
The discharge passing capacity downstream from the outlet of the lake is becoming the core factor that
affects the flood regulation capacity of the lake that may further boost the disputes on the construction
of a dam for the lake.

4. Conclusions

The flood regulation function in a large retention lake is often a process for compound flood waves.
The actual flood regulation characteristics of the lake, and their evolution, can be analyzed by using the
wavelet decomposition based on the variances of the inflows and outflows of the lake. The Dongting
Lake has a significant effect on reducing flood peaks, and the annual overall peak reduction ratios
range from 0.13 to 0.56. The medium- to small-scale flood waves of less than 32 days are the main
flood peaks reduced by the lake. The flood peak removing ratios and the maximum regulation volume
show no significant tendency during the study period, although large volumes were reduced in the
lake due to sedimentation and reclamation.

Among this lake–river system, the flood regulation capacity of the Dongting Lake is mainly
determined by the combined effects of the increase of the flood control water level in the lake regions
and the discharge passing capacity of the river channel downstream from the outlet of the lake.
The changes in maximum regulation volume reveal that the flood regulation of the Dongting Lake
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exhibits a passive result of the interactions among different processes of discharge and sediment.
The impact from the large volume reduction caused by sedimentation in the lake has been largely
compensated by the increased flood controlling water level, which in turn has resulted in the new
phenomenon of “normal discharge, high water level and disaster” in the lake regions after 1990s.
In view of the significant impact on the lake–river relationship by sediment reallocation from the
operation of the Three Gorges Reservoir, the discharge passing capacity downstream from the outlet of
the lake is becoming a core factor that affects the flood regulation capacity. A new lake–river relationship
benefiting the discharge capacity is forming, which may hint at a shift of the flood pressures from
Dongting Lake to the downstream of Yangtze in the near future.
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