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1 INTRODUCTION 

Dam construction can supply human fresh water, irri-
gation, navigation, hydropower generation, and also 
can help human to control the flood and storage of 
sediment. However, the construction of dams disrupts 
the balance of natural rivers, which commonly cause a 
series of changes, such as water discharge or hydrol-
ogy circles (Dynesius and Nilsson, 1994; Poff and 
Hart, 2002; Toping et al. 2003), sediment load (Top-
ping et al. 2000), water quality (Poff et al. 1997), eco-
logical connectivity (Ward and Stanford, 1995; Whol 
2004), river ecology (Ligon et al. 1995), geomorphol-
ogy (Turner 1971; Graf 2006), fluvial processes (Wil-
liams and Wolman, 1984), riparian plants (Turner and 
Karpiscak, 1980). 

The hydrological regime is a central important fac-
tor in river systems, which is taken much attention of 
researchers. Most researches focus on the magnitude, 
frequency, duration, timing, and rate of change of 
hydrologic regimes (Walker et al. 1995; Magilligan 
and Graber, 1996; Poff et al. 1997; Yang et al. 2004; 
Magilligan and Nislow, 2005; Graf, 2006). Batalla et 
al. (2004) analyzed hydrological alternations in the 
Ebro River and its tributaries in northeastern Spanish, 

where 187 reservoirs regulated 57% of the mean an-
nual runoff. Statistic method was used by the flow 
data of 38 gauge stations. The results showed that 
most middle or small magnitude of flood was reduced; 
especially the Q2 and Q10 decreased over 30% on av-
erage. However, the annual discharge had little change. 
Graf (2006) concluded that the huge reservoirs re-
duced 67% of annual flood peak discharge by com-
parison of 72 regulated and unregulated reaches from 
the analysis of 36 rivers with huge reservoirs con-
structed (the total storage capacity is 1.2×106 m3). The 
ratio of annual maximum flow discharge to the aver-
age flow discharge is decreased by 60%, and the 
maximum daily runoff is reduced by 71%. Grown and 
Marsh (2000) also got the similar conclusion by ana-
lyzing the data sets of 107 river gauge stations in 
southeastern Australia where 42 data from regulated 
gauges and 55 data from unregulated river reaches. 

Many studies also concentrated on the dam-break 
flood routing or channel flood routing (Amein and 
Fang, 1970; Fread, 1984; Jin and Fread, 1997). Nev-
ertheless, the effect of dams (especially cascade dams) 
on the flood routing is still not clear. How about the 
effect of dam construction on the propagation time of 
flood peak and flood magnitude? How about the al-
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ternation of travel time in different flood magnitude? 
How about the impact of scale of construction of res-
ervoir to the flood travel time? These questions will be 
discussed in this article. And the objective of this 
study can be used to better understand the effect of 
dams to the flood hydrology, which is beneficial to 
flood control.   

2 STUDY AREA 

Hongshui River, with a total length of 659 km from 
the confluence of Nanpan River and Beiban River to 
the confluence of Hongshui River and Liujiang River, 
has a drainage area of 130,870 km2. Hongshui River is 
the upstream stem reach of the Xijiang River, which is 
the dominant branch of the Pearl River (also called 
Zhujiang River) in southern China (Figure 1). The 

gradient of Hongshui River is about 1‰ and Hongshui 
River annually drains water of 69.6×109 m3 to the 
downstream, which is beneficial to develop hydro-
power. There are 6 dams constructed on the Hongshui 
River, and 3 dams are built on its stem branch tribu-
tary Nanpan River since 1980s. The characteristic of 
the 9 dams are listed on Table 1. 

This study mainly focused on the Hongshui River, 
where 6 dams centralized are arranged on the reach 
whose length is approximately 420 km from Longtan 
dam to Qiaogong dam (it not concluded the 3 dams 
built on Nanpan River). The back water of the series 
dams was connected together to form the cascade 
reservoirs on Honghui River. The main hydrologic 
stations were Tian’e, Du’an and Qiangjiang, as shown 
in Figure 1. The characteristics of these 3 hydrologic 
stations were listed in Table 2. 

Figure 1. Hongshui River Basin and the distribution of main dams and gauge stations

Table 1. Characteristics of the 9 dams constructed on the Nanpan River and Hongshui River

No. Reservoir River
Annual runoff 

(m3•s-1)

Catchment 

area (km2)

Normal water 

level (als.)

Regulation capaci-

ty (×108m3)

Date of beginning 

construction (y/m/d)

Date of impounding 

(y/m/d)

1 Yantan Hongshui R. 1760 106,580 223 10.5 1985/3 1992/3

2 Dahua Hongshui R. 1990 112,200 155 0.39 1975/10/28 1982/5

3 Bailongtan Hongshui R. 2020 112,500 126 0.047 1993/2 1996/5

4 Letan Hongshui R. 2050 125,964 112 0.46 2001/11 2006/1/7

5 Qiaogong Hongshui R. 2130 128,564 84 0.27 2005/11 2008/4

Table 2. Main hydrologic stations on the Hongshui River

Hydrologic 
station

Building 
time Longitude (E) Latitude (N) Elevation 

/als.
Catchment 
area /km2

Mean annual
discharge 
/m3•s-1

Design flood /m3•s-1

P=5% P=10% P=20% P=50%

Tian’e 1962/4 107°07'32.05" 24°59'56.59"286 105 535 1600 1850016300 14000 10500

Du’an 1936/5 108°10'17.58" 23°51'6.22" 143 119 245 2170 -- -- -- --

Qiangjiang 1936/4 108°58'20.46" 23°37'38.32"95 128 938 2260 2100018800 16400 12700
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3 MATERIALS AND METHODS 

3.1 Data 

To evaluate the impact of dams to the flood routing, 
flood records of 2 hydrological stations (Tian’e and 
Qianjiang) were collected. And 257 flood events were 
separated from 32 years flood records of 1971 2007 
(unfortunately the data of 1987 and the data in 1989
1992 were lacked). There were 5 dams built on the 
Tian’e Qianjiang reach of Hongshui River with a 
total length of 422 km. They are Yantan, Dahua, 
Bailongtan, Letan and Qiaogong. The main character-
istics of the 5 reservoirs were listed in Table 1.

3.2 Method 

As the Yantan dam was the largest dam on the 
Hongshui River in 1992 2006, which had a stronger 
influences than the other dams in this study area, all 
the flood events were separated into two series of 
1971 1991 (Pre-Yantan dam period) and 1992
2007 (Post-Yantan dam period). Wherein 203 peaks 
were during 1971 1991, and 160 flood peaks were 
during 1992 2007. The flood peak travel time was 
taken into consideration to depict the flood routing. 
Flood peak travel time means the time that the flood 
peak moves from Tian’e to Qianjiang. All the flood 
events affected by the intervening flood were excluded. 
Relationship between the magnitude of flood peaks 
and the flood peak travel time was learned based on 
the 257 flood events records in Tian’e and Qianjiang 
(203 peaks in 1971 1991 and 160 peaks in 1992
2007). The statistic results of flood peak travel time 
with different flood magnitude before and after con-
struction of the Yantan dam were listed in Table 3.

To study the influences of Yantan dam on the flood 
characteristics in Honghui River, different magnitude 
of flood events in Qianjiang hydrologic station was 
analyzed. Four indexes as flood volume, average flood 

discharge, flood wave type, and duration of flood were 
used to illustrate the variation of the flood characteris-
tics before or after the construction of Yantan dam.  

The flood volume of each flood events can be cal-
culated by the Equation 1: 

0

t

t

V Qdt� �                                   (1) 

Where V is the flood volume of the flood events 
(m3); Q is the flood discharge (m3•s-1); t0 is the start 
time of the flood event (h).  

The average flood discharge of the each flood 
events is calculated by the Equation 2: 

/Q V T�                                   (2) 

Where Q  is the average flood discharge of the 
flood event (m3•s-1); T is the flood duration of the 
flood event (h). 

The flood wave characteristic could be quantified 
by the flood wave type which is defined as the ratio of 
flood peak to the average discharge in each flood 
events (Shen G. Q. et al. 2008). The greater the value 
of flood wave type is, the thinner the flood hydrograph 
is. Table 4 shows that the flood characteristics varied 
with different flood events before and after the con-
struction of Yantan dam in Qianjiang station. 

4 RESULTS 

4.1 Impact of dam construction to the flood peak 

travel time 

Figure 2 shows the relationship of flood peak travel 
time and different flood peak magnitude before or 
after construction of dams in Hongshui River. The 
solid circle “●” means the situation before construc-
tion of dams, and the unsolid triangle “△” means the 
situation after construction of dams. 

Table 3. Statistic results of flood peak travel time with different flood magnitude before and after construction of the Yantan 
dam

Flood magnitude/m3·s-1
Pre-Yantan dam Post-Yantan dam

Variation of the flood 
peak travel time/hNumber of flood

peaks
Flood peak travel 
time/h

Number of flood 
peaks

Flood peak travel 
time/h

<1000 2 69 1 18.5 50.5
1000-1999 18 56.2 7 28.8 27.4
2000-2999 30 54.9 22 32.4 22.6
3000-3999 35 45.4 22 31.4 13.9
4000-4999 33 46.4 29 38.1 8.3
5000-5999 19 46.4 29 38.1 8.3
6000-6999 14 45.1 13 38.7 6.5
7000-7999 14 41.1 10 37 4.1
8000-8999 12 39.6 11 36 3.6
9000-9999 9 44.6 3 42.2 2.4
10000-12000 8 34.4 9 38.9 -4.5
>12000 14 41.9 5 38 3.9
Sum 203 -- 160 -- --
Average -- 47.1 -- 34.6 --
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Figure 2. Alternation of propagation time of flood peak with 
different flood peak magnitude before and after the construc-
tion of dams 

In Figure 2, the flood peak travel time showed a de-
creasing trend with the flood magnitude increase be-
fore construction of dams. The fitting curve was a 
logarithmic function and the correlation coefficient 
was 0.92. However, the flood peak travel time was 
increased with the flood magnitude increase after the 
construction of dams. The changing trend of flood 
peak travel time was inversed after dam constructed.  

For the medium and small flood, the flood peak 
travel time after construction of dams was shorter than 
before. Besides, for the large flood, the flood peak 
travel time after construction of dams had little 
changes compared with before. The critical magnitude 
of flood peak is about 10,000 m3/s (QP=50%) in
Hongshui River. 

As shown in Table 3, the average flood peak travel 
time of all the flood events was 47.1 h before the con-
struction of Yantan dam; however, the value was 34.6 
h after the construction of Yantan dam. The flood 
peak travel time was shorter in post-Yantan dam peri-
od than in the pre-Yantan dam period. 

Moreover, the change range of flood peak travel 
time with different magnitude flood was also quite 
different after construction of the Yantan dam. A ratio 
of the maximum flood peak travel time to the average 
flood peak travel time with each magnitude flood was 
used to quantify the change range of flood peak travel 
time. For the pre-Yantan dam period, the value was 
1.5, and the post-Yantan dam period was 1.2. Thus the 
change range of flood peak travel time was decreased 
after construction of the Yantan dam. It meant that the 
differentiation of flood peak travel time in each flood 
events was harder to claim. 

4.2 Impact of dam construction to the flood charac-

teristics 

Figure 3 shows the variation of flood characteristics 
pre- or post-Yantan dam at different flood magnitude. 
Whether or not constructs the Yantan dam, the same 
trend is shown that the flood volume, average dis-
charge, flood wave type and the flood duration of 
flood events are increased along with the increase of 
the flood magnitude. However, with a same flood 
magnitude, the flood volume, flood wave type and 
flood duration are decreased after construction of the 
Yantan dam. In Table 4, the average flood volume, 
flood wave type and flood duration of all flood events 

y = -10.39ln(x) + 135.24
R² = 0.8549

y = 6.9077ln(x) - 23.993
R² = 0.8045
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Table 4. Statistic results of flood events characteristic variation with different flood magnitude in Qianjiang station before and 
after construction of the Yantan dam

Flood 

magnitude 

/m3·s-1

Variation before/after construction of the Yantan dam Change rate before/after construction of the Yantan dam/ %

Flood volume 

/×108m3

Average dis-

charge /m3·s-1

Flood wave 

type

Duration of 

flood /h
Flood volume

Average 

discharge

Flood wave 

type
Duration of flood

1000-1999 -3.537 67.327 -0.009 -76.182 -36.0 4.8 -0.8 -39.2

2000-2999 -1.691 317.584 -0.108 -39.278 -11.8 16.2 -8.4 -19.9

3000-3999 -8.827 295.359 -0.180 -114.578 -41.0 11.6 -12.8 -47.3

4000-4999 -10.985 562.094 -0.178 -131.959 -35.6 18.2 -12.3 -46.4

5000-5999 -15.954 344.301 -0.117 -134.367 -43.9 9.3 -7.9 -48.4

6000-6999 -11.430 109.560 -0.082 -81.197 -25.3 2.4 -5.5 -28.4

7000-7999 -14.609 270.010 -0.133 -105.318 -26.4 5.5 -8.4 -32.2

8000-8999 -14.279 556.082 -0.082 -84.389 -26.0 10.6 -5.1 -29.0

9000-9999 -9.237 495.944 -0.080 -64.188 -15.3 8.6 -4.9 -21.7

10000-12000 -53.456 -119.997 -0.036 -198.238 -50.4 -1.7 -2.2 -48.0

>12000 -41.345 -261.793 -0.027 -110.057 -34.1 -2.9 -1.6 -30.3

Average -16.850 239.679 -0.094 -103.614 -31.4 7.5 -6.3 -35.5
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are respectively decreased by 31.4%, 6.3% and 35.5% 
after the construction of the Yantan dam.  

5 DISCUSSION 

Dams on the Hongshui River mainly aimed to gener-
ate electricity. However, the dams on the Hongshui 
River also needed to follow the flood control opera-
tion in flood season. From Table 1, the Yantan dam 
was the largest dam on this section. As Yantan was a 
seasonal regulation reservoir, the Yantan dam is 
mainly used to regulate medium and small floods. 
When large flood come from the upstream, the reser-
voirs downstream could open the floodgate early,
which caused the flood peak to arrive early down-
stream. 

On the other hand, once the cascade reservoirs were 
built, the average channel water depth became deeper 
than before, causing the riverbed roughness to de-
crease and the flow velocity to increase. Thus the 
flood peak evolution was turned into flood wave 
propagation in the reservoir areas, which traveled 
faster than that in natural channel. This was also a 
reason for the flood peak. 

6 CONCLUSIONS 

Flood records of two gauge stations during 1971–2007 
(data in 1987 and 1989–1992 are lacked) in the 
Hongshui River were used to analyze the alternation 
of flood magnitude and flood peak travel time before 

or after construction of the Yantan dam. 257 flood 
events with 363 flood peaks were used for statistical 
analysis. Results show that dams significantly affect 
the flood magnitude and flood peak travel time. The 
dams mainly hinder the large flood which causes the 
flood peak travel time decrease after construction of 
dams; however, for the medium and small flood, the 
flood peak travel time after construction of dams is 
shorter than before. 
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