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Abstract. Water temperature plays a crucial role in water ecological environment both in the reservoir and 
downstream area. Three Gorges Project (TGP) is the largest hydraulic engineering in the world, and 
changes of water quality attract much more attention, especially in the thermal structure since impoundment. 
In order to clearly understand water temperature distribution after impoundment in the Three Gorges 
Reservoir (TGR), we monitored the temperature distribution of the Taipingxi section which was not far 
from the dam from early April to the end of July. According to the analyzing of the monitoring data of 
transverse and vertical temperature variation, we could find that the temperature mixed uniformly in 
transverse direction. Excepting April, there was basically had no temperature difference in vertical direction, 
even in April, the maximum temperature difference was only 1.39℃ within 100 meters (April 22), the 
average temperature gradient was only 0.014℃/m; Both the temperature of water and atmosphere have 
similar variation tendency, but the response of the water temperature to atmosphere is delayed, especially 
the bottom water temperature. The result indicate that the reservoir has mixed thermal structure during 
impoundment phase, so the release temperature had little change after the impoundment, the work provide a 
scientific basis for the development of pollution control and ecological protection measure.

1 Introduction 
Water temperature is an important water quality 
parameter in aquatic ecosystems, and plays a crucial role 
in ecological functioning and controlling the 
biogeochemical processes of a water column[1-3]. Most 
deep temperate and subtropical reservoirs develop 
thermal stratification every spring and summer[4]. the 
stable stratified water column is usually segregated into 
epilimnion, thermocline and hypolimnion in vertical by 
the density difference produced via warming of surface 
water, stratification acts as a barrier restraining mixing of 
the water column, as a result of incomplete mixing of the 
water column and lack of light for the photosynthesis at 
the hypolimnion, the water column can become anoxic[5-6]. 
Commonly, many reservoirs have fixed-level “off-takes” 
that are situated below the thermocline, hence releasing 
waters from the hypolimnion which causes downstream 
cold-water pollution (CWP)[7]. The CWP is thought to be 
a key threat to a number of species, primarily due to the 
importance of warm-water temperature for important life 
stages, therefore, penetratingly understanding of 
temperature structure in reservoirs is one of the important 
contents in water quality assessment of hydropower 
project[8]. 

TGP is a key to the Yangtze River management and 
development which is constructed from 1994 to 2009; It 
brings significant benefits in electric power generation, 

flood control and shipping traffic et al, and the TGR is a 
large temperate reservoir located in the mid-west of China, 
spans Hubei province and Chongqing municipality, with 
a surface area of 79000 km2 and a storage capacity of 
3.93×1010 m3 at his maximum water level (175m). The 
dam is deep-release dam which is located at the east most 
part of the reservoir, controlling the outflow of the 
Yangtze River, the outlets locate between 97 m to 104m, 
correspondingly, we refer them as deep outlets, 32 unit of 
turbine each of them in capacity of 700 MW and in total 
2.24×107 megawatts are installed in power generation 
section of dam[9-10]. 

Impoundment in the TGR is composed of 4 stages: ① 
to the water level 135m June 1, 2003 to June 10; ② to 
water level 139 m on November 5, 2003; ③ to 156 m on 
October 27, 2006; ④ during the last stage, water level 
reaches 175m in 2009. In 2003, TGR began to initially 
impound and generate electricity, the water level reached 
135m on June 1, then 139m on November 5 for benefits in 
shipping traffic and electric power generation. Before 
impoundment, water level fluctuated between 70 to 80m 
at the dam site, but it raised more than 60m since 
impoundment, as a result, velocity in reservoir area 
decreased, the residence time of the water body prolonged, 
it was not conducive to the degradation of pollutants, 
suspended pollutants settled easily, so the capability of 
water exchange was weakened[10], the thermal structure of 
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the reservoir might be different from the original channel 
before impoundment, so the changes of water quality and 
eco-environmental caused by impoundment had been a 
topic of wide concern. 

In order to clearly understand the water temperature 
distribution after impoundment, We monitored the 
temperature distribution of the section Taipingxi near the 
dam which entrusted by China Three Gorges Corporation, 
Yangtze Valley Water Environment Monitoring Centre. 

In this paper, many of monitoring data including 
water temperature, discharge, water level, meteorology 
were collected and collated, characteristic of thermal 
structure along the transverse and vertical direction in 
Taipingxi section which was in front of the dam were 
analyzed as well as the relationship between the water 
temperature and air temperature, based on the analysis, 
some suggestions to the further study were also put 
forward. 

2 Materials and methods 

2.1 Monitoring Section 

The thermal structure in front of dam has a critical 
influence on the release temperature, so the choice of 
monitoring section is very important. In this study, the 
monitoring section is Taipingxi, which is located at the 
main Yangtze River channel, about 4000m away from 
the dam, see Figure 1.  
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Fig. 1. General layout of Taipingxi section 

2.2 Placement of Vertical Lines and Monitoring 
Sites 

Monitoring projects include temperature distribution 
along the transverse direction and vertical direction, air 
temperature. Five to seven vertical lines were set in the 
section, from the left bank to right, their labels were 
"L1" , "L2" ,…, "M",…, "R2", "R1", among them, “L” 
meant lines located in the left bank, and “R” in the right 
bank, “M” meant the middle line. Monitoring values of 
the same depth from different vertical lines represents 
the water temperature along the transverse variation. 

Along the vertical direction, profiles of temperature 
were available from surface to bottom at the section: for 
upper water, data were collected at 0.2, 0.5, 1.0, 2.0, 5.0, 
8.0 depths, respectively; for deep water (water depth >10 
m), data were collected with a vertical interval of 5.0 m, 

because there was no significant difference for 
temperature variation. In post-processing phase, average 
temperature of the same depth from different lines 
represented the value in this depth. 

2.3 Monitoring Time 

The most likely opportunities for thermal stratification 
are in spring and summer when direct solar radiation and 
increased air temperatures heat surface layers faster than 
deeper layers. During this period, flood season is not 
coming, discharge is not abundant enough, the operating 
water level of the reservoir gradually reduces because a 
substantial amount of water will be discharged for 
forthcoming flood season, besides, solar radiation and 
temperature rise gradually, and this is one of important 
factors of stratification, so we select the monitoring time 
from April to July after impoundment, and the frequency 
is three times a month. Hydrolab water quality 
parameters instrument which could continuously monitor 
temperature along depth was used to monitor water 
temperature. 

3 Reuslts and Discussion 

3.1 Transverse Water Temperature Variation 

Figure 2 to Figure 5 shows temperature distribution 
along transverse direction from different vertical lines on 
April 22, May 19, June 15, July 16, the figures show that 
in transverse direction, temperature difference is very 
small, often less than 0.5 ℃ , the reasons of this 
phenomenon is that: the reservoir is narrow-deep type, 
velocity in longitudinal direction is much larger than that 
transverse direction, so the water mixed homogeneously 
in this direction, for river- type reservoir such as TGR, 
temperature variation often occurred in longitudinal and 
vertical direction when the reservoir operates normally. 
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Fig. 2. Temperature variation along transverse direction from 
different vertical lines on April 22 
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Fig. 3. Temperature variation along transverse direction from 
different vertical lines on May 19 
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Fig. 4. Temperature variation along transverse direction from 
different vertical lines on June 15 
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Fig. 5. Temperature variation along transverse direction from 
different vertical lines on July 16 

16 17 18 19 20 21 22 23 24 25
100

80

60

40

20

0

 

W
at

er
 d

ep
th

 (m
)

 4.22  5.19 6.15  7.16

Water temperature (℃)  

Fig. 6. Vertical temperature variation from April to July 

3.2 Vertical Temperature Distribution 

The vertical water temperature distribution from April to 
July is shown in Figure 6. From the figure can clearly 
see that vertical temperature distribution is basically the 
same in different depth, it has no apparent stratification 
from early April to the end of July, no metaimnion, no 
hypolimnion, both the surface and bottom temperature 
increased with the rising of the air temperatures, but the 
relationship between the surface and the air temperature 
was more obvious, so the temperature of surface water 
was slightly higher than deep water when the discharge 
was not abundant enough. From the surface to the 
bottom water temperature slightly decreased, and had a 
weak temperature gradient in April, but the maximum 
temperature difference was only 1.39℃  within 100 
meters, the average temperature gradient was 0.014℃/m 
correspondingly, but this phenomenon disappeared as 
the air temperature continues to rise, and basically mixed 
homogeneously from May to April in vertical. 
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Fig. 7. Variation of water level and inflow during the 
monitoring time 
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Fig. 8. Discharge, air temperature, surface temperature, bottom 
temperature during the monitoring time 

3.3 Effects of Hydrodynamic Conditions on 
Temperature 

Hydrodynamic conditions including inflow and water 
level have directly influence on thermal structure both in 
longitudinal and vertical direction, before flood season in 
June, the variation of the inflow was small, in order to 
give full play to power generation, the water level 
maintained at high level as much as possible (Figure 7), 
as a result, water mixed not uniform slightly, surface 
temperature was a little higher than the bottom. on June 
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1,the hydrodynamic conditions played a leading role 
when the inflow was suddenly increased, both the 
surface and bottom kept at the same temperature 

3.4 Relationship between Water and Air 
Temperature 

Air temperature is another important factor for the 
reservoir temperature distribution; the reservoirs which 
develop thermal stratification often locate in temperate 
or subtropical zone where the air temperature is high in 
several months or seasons. During the process of water 
temperature observation, air temperature was also 
monitored simultaneously; Figure 8 shows the variation 
processes of air temperature, surface temperature, 
bottom temperature. Water temperature increase in the 
same trends with air temperature, both the water 
temperature at surface and bottom rise with air 
temperature, but the response of the water temperature to 
atmosphere is delayed. Surface water is directly contact 
with the upper atmosphere, and absorb solar radiation 
energy, so the temperature at surface is a little higher 
than the bottom when the inflow is not abundant enough 
before June. 

In general, compared with the air temperature 
variation, changes in water temperature delayed almost a 
month. That specific heat capacity of water is higher 
than atmosphere is also another reason that water 
temperature changes in amplitude is also less than that of 
atmosphere. 

4 Conclusions 
In order to get detailed information about the thermal 
structure in the TGR for researches on impacts of initial 
impoundment on water quality, we implemented a series 
of monitoring work at Taipingxi section in front of the 
dam, from the above analysis, the following conclusions 
can be reached. 

(1) Because the Taipingxi section locates in front of 
the dam, also close to the dam, this area is most 
vulnerable to develop stratification in TGR, and water 
temperature in this section mixed homogeneously most 
of the time, so we can infered there had no phenomenon 
of stratification during the initial impoundment phase 
when water level arrived 135m and 139m, the most 
possible direct reason was that although the velocity 
slowed after impoundment, but upper and bottom water 
still could mix sufficiently with the aid of turbulent 
motion . 

(2) The variation trends of the air temperature and 
water temperature are coincident, but compared to the air 
temperature, variation in water temperature delayed 
almost a month, especially the bottom before the coming 
of flood season. 

(3) Despite of the reservoir had no stratification when 
water level arrived 135m and 139m, also had no 
influence on ecological environment of downstream, but 
this did not mean that when water level arrived 156m or 
175m with the normal operation of the project, the water 
still had no stratification, so we need further observation 

and research on the thermal structure when the projects 
operate at high stage. 
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