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Abstract. The interbasin long-distance water transfer project
is key support for the reasonable allocation of water resources in a large-scale area, which can optimize the spatiotemporal change of water resources to secure the amount
of water available. Large-scale water transfer projects have
a deep influence on ecosystems; besides, global climate
change causes uncertainty and additive effect of the environmental impact of water transfer projects. Therefore, how to
assess the ecological and environmental impact of megaprojects in both construction and operation phases has triggered
a lot of attention. The water-output area of the western route
of China’s South-North Water Transfer Project was taken as
the study area of the present article. According to relevant
evaluation principles and on the basis of background analysis, we identified the influencing factors and established
the diagnostic index system. The climate-hydrology-ecology
coupled simulation model was used to simulate and predict
ecological and environmental responses of the water resource
area in a changing environment. The emphasis of impact
evaluation was placed on the reservoir construction and operation scheduling, representative river corridors and wetlands,
natural reserves and the water environment below the dam
sites. In the end, an overall evaluation of the comprehensive
influence of the project was conducted. The research results
were as follows: the environmental impacts of the western
route project in the water resource area were concentrated on
two aspects: the permanent destruction of vegetation during

the phase of dam construction and river impoundment, and
the significant influence on the hydrological situation of natural river corridor after the implementation of water extraction. The impact on local climate, vegetation ecology, typical
wetlands, natural reserves and the water environment of river
basins below the dam sites was small.

1

Introduction

With the increase of the world’s population, the rapid development of agriculture and industry and the increasing urbanization, the uneven spatio-temporal distribution of water resources and its quality deteriorate. To address the serious limitation of water resources to economic development, many
countries have undertaken water transfer projects. From 1940
to 1980, the world witnessed the peak period of the construction of large-scale long-distance interbasin water transfer projects (Yang, 2003; Wang, 2009). After 1980, with the
uprising consciousness of environmental protection, people
became cautious of the construction of water transfer projects
and a series of reports came out concerning the negative ecological impacts of both construction and operation of these
projects (Davies et al., 1992; Meador, 1992; Nardini et al.,
1997). Since then, countries all over the world have begun
to conduct environmental impact assessment of water transfer projects, and carried out thorough research on related
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environmental issues and ecological influence (Graf, 2006;
Morais, 2008; Braatne et al., 2008; Kittinger et al., 2009;
Baran and Myschowoda, 2009; Growns et al., 2009; Wu
et al., 2010; Olden and Naiman, 2010). At the same time,
laws and regulations in terms of the construction and operation of water transfer projects were published so as to
mitigate and even prevent the ecological and environmental problems (Yang, 2003; Wang, 2009). Besides, studies on
evaluation of ecological and environmental influence of water transfer projects have gradually developed into an important field (Doledec et al., 1996; Bombino et al., 2006; Shah
and Kumar, 2008). Meanwhile, accompanied by the aggravation of the global climate change, the evaluation concerning the environmental influence of the water transfer project
in a changing environment has become increasingly valued,
and a few studies in this field were carried out (Zeilhofer
and Moura, 2009; Olden and Naiman, 2010; Döll and Zhang,
2010; Moiwo et al., 2010; Pittock and Finlayson, 2011).
Megaprojects, especially those which cross rivers and are
of long distance, are all huge systematic projects. They have
a large span of space and time and therefore impose a broad
array of impacts on the environment and ecosystems of a
river basin (Petts, 1984; Casado et al., 1989; Poff et al., 1997;
Rosenberg et al., 1997; Friedl and Wüest, 2002; Brismar,
2004; Burke et al., 2009). What is more, the environmental and ecological influence of project under the background
of global climate change is extremely complex; thus, there
is considerable uncertainty. Present relevant studies are short
of global, comprehensive and systematic research as they are
focused on a certain aspect of the environmental influence,
such as the hydrological situation, pollutant transport patterns and biodiversity (Morais, 2008; Hu et al., 2008; Koutsos et al., 2010; Ouyang et al., 2011), or they are targeted
at a certain area, such as the water-output area, water-intake
area and the river delta (Xu et al., 2011; Ligon et al., 2011;
Restrepo and Cantera, 2011). The climate change aspect has
been inadequately treated in the environmental impact assessment of large water transfer projects. Judging from the
experiences of existing water transfer projects, the estimation
of their impact on ecology and environment is insufficient,
and the negative influence of projects in the phase of operation is becoming increasingly significant. The western route
of China’s South-North Water Transfer Project (SNWTP)
water-output area is located in the first topographic ladder
of China Qinghai-Tibet Plateau, an ecological fragile region
and sensitive area of global climate change. Therefore, environmental and ecological impact assessment of this area is of
great importance and has triggered a lot of concern (Yang et
al., 2002; Berkoff, 2003; Ghassemi and White, 2006).
In the present article, some explorations of the evaluation
of the ecological influence of the western route project on its
water-output area in a changing climate were conducted. This
study aims to contribute to show how, and to what extent, the
western route project of SNWTP will impact ecology and environment in water resource area and regions related to water
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012

transfer. The specific objectives of this paper are to evaluate
the influence of the water transfer (1) on the local climate of
the water resource area after reservoir construction; (2) on
the hydrological situation of typical dewatered river reaches;
(3) on typical wetlands and natural reserves; and (4) on water
environment below the dam sites.

2
2.1

Materials and methods
The study area

The first stage of western route project of SNWTP is located
in the southeast edge of the Qinghai-Tibet Plateau (99◦ 200 –
102◦ 100 E, 31◦ 300 –33◦ 200 N). It covers seven counties in
three provinces, i.e. Qinghai, Sichuan and Gansu province.
This region is characterized by a cold and dry highland climate with an elevation above 3000 m. The average temperatures vary between minus 5–6 ◦ C, and the annual precipitation amount is approximately 500–600 mm. The region has
alternating dry and wet seasons exhibiting a distinct seasonality. The water resource area is located in the upstream regions of Yalong River and Dadu River, two main tributaries
of the upper Yangtze River. The dam sites of water transfer
are located in Ganzi section at the upper reaches of the Yalong River’s mainstream; in Daqu and Niqu sections of the
upper reaches of the Xianshuihe River, a branch of the Yalong River; in Sequ and Duke sections of the upper reaches
of Chuosijia River, the west branch of the Dadu River; and
in Make and Ake sections of the upper reaches of Zumuzu
River, the east branch of Dadu River. Seven water transfer reservoirs are scheduled to be constructed: Reba, Aan,
Renda, Luoruo, Zhuanda, Huona and Keke, with catchments
ranging between 1, 470–26, 535 km2 . Figure 1 shows the arrangement of the western route project.
The water-output area of the western route project is the
ecological shield of the upper stream of Yangtze River. It is
also an ecological fragile zone with severe ecological and
environmental problems such as deforestation, glacier recession, lake shrinkage and salinization, meadowing of swamps
and other environmental issues resulting from climate change
as well as human activities. While the Qinghai-Tibet Plateau
is one of the most sensitive regions to global climate change
(Liu and Chen, 2000), the hydrogeological cycles and biological productivity of the water-output area are sensitive to
Asian monsoon variations (Ji et al., 2005). Therefore, the response of local climate to regional land-use change due to
reservoir construction should be considered. It is probable
that the construction and running of the project could impose
an influence of various degrees on the eco-environment and
society and economy of this area. To carry out an objective
eco-environmental evaluation of the western route project
on the area in a changing climate is of great significance
for putting forward a scientific and systematic hydrological
www.hydrol-earth-syst-sci.net/16/2685/2012/
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Fig. 1. Arrangement diagram of the project.

control plan, so as to give reasonable guidance to the planning, construction and operation of the project.
2.2

Main considerations for the evaluation

According to the characteristics of large-scale water transfer projects, special importance was attached to the correlation and superimposed influence between projects and the
interrelation among all kinds of ecological factors closely related to water transfer in the process of evaluation. In view
of the strategic level, the construction and operation of the
whole water transfer project were integrated into the evaluation system.
First of all, background analysis on the eco-environment
of the study area was conducted based on present meteorological, hydrological, soil and vegetation information and the
data collected by field survey. The influence identification
and evaluation indices were determined based on relevant
evaluation criteria. Then, based on the climate-hydrologyecology coupled simulation model in conjunction with statistical methods, the influence analysis and quantitative evaluation were performed focusing on the four specific objectives
of this paper. In the end, a comprehensive influence assessment on the ecological evolution of the water resource area
was conducted.
2.3

Formulation of the evaluation index system

Firstly, eight primary indices of geography, atmosphere, hydrology, soil, biology, population and economy, natural disaster and land deterioration including 137 secondary indices
www.hydrol-earth-syst-sci.net/16/2685/2012/

were employed in order to give a comprehensive and objective characterization of the ecology and environment of the
upper stream of Yangtze River. And a hierarchical model was
built to form a general characterization index system. Then,
the 1–9 scale method in analytic hierarchy process (Saaty,
1987) was applied to mark the importance of the indices and
build the structural judgment matrix for the possible influence of the western route project on the environment. Five
primary indices (i.e. atmosphere, water, biology, soil, natural disaster and land deterioration) were chosen by analytic
hierarchy process, and 32 secondary indices were then determined to form the characterization index system of environment in the water-output area. In the end, given the importance of the 32 indices, the sequence of their weight values and the accessibility of the information as well, four primary indices and 8 secondary indices directly to water transfer were chosen from the characterization index system to
form the diagnostic indices of the environmental evolution
of the water-output area.
2.4

Definition of the evaluation scale

Given the particular geographical location and ecological
characteristics of the western route of SNWTP, the influence of the western route project on the water resource area
can be divided into three categories: (i) large-scale area oriented to global change (Category I area), i.e. Southeast Asia;
(ii) medium-scale area oriented to local water resources allocation (Category II area), i.e. the Yangtze River Basin above
Yibin; and (iii) areas apparently influenced by the project
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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Fig. 2. The spatial scales for evaluation.

(Category III area), which include water catchments above
the dam sites (Category III-A area) and typical dewatered
reaches below the dam sites (Category III-B area). What is
more, underlying surface change may lead to the modification of microclimate conditions; hence, the area of local
climate change due to the project should be included (Category III-C area).
Therefore, evaluation was conducted on the following
three scales: the Southeast Asia, the Yangtze River Basin
above Yibin and the apparently affected areas (see Fig. 2).
On the Southeast Asia scale, the main consideration was put
on the response of the local environment to global climate
change and the influence of underlying surface change on
the climate; on the scale of Yangtze River Basin above Yibin,
the emphasis of evaluation was placed on the influence of climate change as well as the water transfer on the local water
cycle and vegetation; and on the scale of the apparently affected areas, the evaluation was focused on the influence of
project on the typical dewatered river reaches below the dam
sites and the water storage areas above the dam sites.
2.5

Development of the climate-hydrology-ecology
coupled simulation platform

To identify the influence of the western route project of
SNWTP on the ecology and environment of the water
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012

resource area is the premise of the planning of the project, as
well as the focus of arguments of stakeholders. Meanwhile,
scientific prediction of the changes on the water circulation
and environment of related areas is the key to forecast the
transferable water amount in the process of project operation. The key technical support for the two practical needs
mentioned above requires the development of a climatehydrology-ecology coupled simulation model and a forecast
platform with integrated mechanism based on the multilayer
observation of hydrology, meteorology/climate and ecology.
The simulation platform should possess the following functions: (1) giving historical analogue simulation on the water
circulation, ecological and environmental process of the water resource area; (2) identifying the main mechanism of mutual actions among climate, hydrology and ecology; (3) objectively characterizing the key driving mechanism in the
water circulation and ecological and environmental evolutions; and (4) simulating those evolutions under various ecohydrological regulation scenarios.
According to some field investigations, the aquatic ecosystem has a relatively simple composition and there are few
sensitive species in the water resources area. Therefore,
the water transfer project may have subdued effects on
the aquatic ecosystem, which is not our major concern in
the design of the modeling platform. The ecological process discussed in this paper is mainly limited to terrestrial

www.hydrol-earth-syst-sci.net/16/2685/2012/
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Fig. 3. Framework of climate-hydrology-ecology coupled simulation model.

ecosystems with carbon circulation as the main line. The
impact of the project on the aquatic ecosystems (e.g. fish
habitats and life cycle) will be revealed by the results of
quantitative evaluation on typical dewatered river reaches in
Sect. 3.4.2. The framework and mutual actions among energy
flow, natural-social water circulation and ecological process
are shown in Fig. 3.
A large number of ecological models, hydrological models and climate models with relatively independent modules have been developed worldwide, providing an important module database for the development of a climatehydrology-ecology coupled simulation platform. The capability of each model can be fully utilized through modularization strategies during the establishment of the comprehensive coupled model. In this study, the related modules of the
regional climate-weather research and forecasting (CWRF)

www.hydrol-earth-syst-sci.net/16/2685/2012/

model and regional climate model version 3 (RegCM3) are
selected for the simulation of atmospheric water circulation
and energy process (Liang et al., 2005a,b, 2012; Yuan and
Liang, 2011; Pal et al., 2007); related modules of the water
and energy transfer processes (WEP) model are selected for
the simulation of natural hydrological cycle (Jia et al., 2001);
a water allocation model is used for the simulation of social
water circulation (Zhao et al., 2007); related modules of geoprocess (GEOPRO) model, community land model (CLM)
and dynamic global vegetation model (DGVM) are selected
for the simulation of natural vegetation (Oleson et al., 2004;
Steffen et al., 1996); and related modules of DSSAT are selected for crops (Jones et al., 2003). The essential simulation
process and characteristics of the selected prototype models
are listed in Table 1. A special subject has been set up for
the development of the climate-hydrology-ecology coupled

Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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Table 1. Selection of essential simulation process and the prototype models.
Basic process

Simulation process

Prototype models

Characteristics of the models

Degree of satisfaction of the
research requirement

Energy flow
process

Radiation process at the Earth’s
surface, sensible heat flux, latent
heat flux, soil canopy heat flux,
etc.

CWRF, RegCM3

Performing better at the
simulation of energy process;
merely considering the vertical
process

Realizing the energy process
modeling of various layers.

Water
circulation
process

Natural surface water process, soil water
canopy interception,
evaporation and transpiration,
hydrological cycle of
process, groundwater process,
overland flow and river flow;
social water circulation of water
intaking, transporting, using,
consuming and draining

WEP,
Reasonable water
allocation model
based on criteria
and optimized
technology

Performing better at both
vertical and horizontal water
circulation processes; inaccurate
in energy process simulation;
and no consideration of the
dynamics of ecological process

Realizing natural-social water
circulation simulation;
providing basic river habitat
data of water level and depth,
flow velocity and quantity

Ecological
process

Net primary productivity (NPP),
material distribution and
transportation, competition for
light, reproduction, species
invasion, bioclimatic process,
death and soil organic material
decomposition, simulation of
the growth and succession of
vegetation

GEOPRO, CLM,
DGVM and
DSSAT

GeoPro can perform leaf-scale
simulation; CLM contains a
canopy flux module; DGVM
and DSSAT can simulate the
growth and succession of
natural vegetation and crops,
respectively

Realizing the basic simulation
of ecological process;
quantitatively identifying
ecological and environmental
evolutions

Water
environmental
process

Transportation and
transformation process of
pollutants, pollution load and
environment capacity evolution

One-dimensional
dynamic model of
water quality

Performing well at the
simulation of the transportation
and transformation process of
pollutants along rivers.

Realizing basic simulation of
water environment

3.2

The model performance

model in a research report related to the western route project
of SNWTP.1 This paper focuses on the main findings with regard to the environmental and ecological impact of the water
transfer project.
3
3.1

Results and discussion
The diagnostic index system

The diagnostic index system includes four primary indices
for the criterion level and eight secondary indices for the index level (Table 2). These indices can give about 70 % information of the target level, which can basically meet the
demand of the eco-environmental diagnosis of the water resource area of the water transfer project. Relevant indices
chosen from the diagnostic indices were used to give quantitative analysis of the influence of the project on the ecology
and environment in typical affected areas.

1 A research project (Assessment on the ecological and environmental impact of the western route of SNWTP on the water-output
area and comprehensive regulation technologies, Grant agreement
no.: 2006BAB04A08) started by the Ministry of Science and Technology of the People’s Republic of China in 2006.

Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012

Given the complexity of the model, a step-by-step strategy
with multiple processes and scales is adopted for the parameter adjusting and model validation. The NRA reanalysis
data from the American National Centers for Environmental
Prediction (NCEP) were used to optimize the boundary condition, a key factor in the climate simulation. Precipitation,
runoff, net primary productivity (NPP), and chemical oxygen demand (COD) as well as ammonia-N (NH3 -N) were
chosen as the simulation variables for the atmospheric process, hydrological process, ecological process and water environmental process, respectively. Data from observation and
field investigation are the basis of parameter adjusting. The
correlation coefficient, relative error and Nash-Sutcliffe coefficient between simulated and observed values were used
to evaluate the model performance. Detailed information on
adjusting parameters and validation criterion for each basic
process is listed in Table 3. From the results of model validation shown in Table 4, the proposed model performs well and
can basically meet the demand of the quantitative evaluation
of the environmental impact of the western route project.

www.hydrol-earth-syst-sci.net/16/2685/2012/
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Table 2. Environmental and ecological diagnostic indices of the western route of SNWTP.
Target level

Criterion level

Index level

Ecological and hydrological
regulation of the water resource
area of the western route of
SNWTP

Atmosphere 0.1681

Annual average temperature
Annual rainfall
Dryness of atmosphere
Ecological flow
Area of wetland
Runoff coefficient
γ biodiversity index
Soil erosion modulus

Water 0.4631

Biology 0.2270
Land deterioration 0.1418

Weight of index
0.0922
0.1078
0.0938
0.1745
0.1656
0.1344
0.1117
0.1199

Table 3. Information for parameter adjusting.
Basic process

Adjusting parameters

Main basis for
parameter adjusting

Validation criteria

Simulation variables

Atmospheric
process

Boundary condition

Boundary
optimization with
reanalysis data

Correlation coefficient no less
than 0.6

Precipitation

Hydrological
process

Depression storage,
Manning’s roughness
coefficients, soil moisture and
hydraulic conductivity
coefficients

Observation data from
gauging stations; soil
data from field works

Nash-Sutcliffe efficiency index
and correlation coefficient are no
less than 0.7 and 0.8,
respectively

Runoff

Ecological
process

Efficiency of sunlight
utilization, leaf area
index (LAI)

Data from
interpretation of
remote sensing images

Correlation coefficient no less
than 0.8

NPP

Water
environmental
process

Degradation coefficient and
loss rate of pollutants

Data from water
quality monitoring

Correlation coefficient no less
than 0.75

COD and NH3 -N

3.3

Impact evaluation on the local climate of the water
resource area

The regional climate characteristics are generally dominated
by the atmospheric circulation. However, the microclimate
conditions may be modified by significant underlying surface
change. When the water transfer project is completely implemented, a total amount of 17 billion m3 water will be diverted
from the water resource area per year. The total water area of
the eight newly built reservoirs will reach 289.9 km2 , and the
total area of terrestrial land directly affected by the project
is approximately 3260 km2 . Meanwhile, given the sensitivity of the study area to global climate change, a future climate scenario should be considered in the climate simulation
and impact evaluation. Therefore, four scenarios were set up:
the control experiment A (current climate without reservoirs)
and contrast experiments B (current climate with reservoirs),
C (future climate without reservoirs) and D (future climate
with reservoirs). The modeling was carried out in two separate periods of current climate scenario (1993–2002) and future climate scenario (2040–2049) with a 30-km horizontal
www.hydrol-earth-syst-sci.net/16/2685/2012/

resolution pattern. The computational domain is the Category III-C area defined in Sect. 2.4. The results are specified
as follows:
1. Influence of the project on the local circumfluence and
temperature of the water resource area
In the current climate scenario, the reservoir construction increases the wind speed in summer, autumn and
winter by 0.3–0.8 m s−1 . While the wind speed in spring
is hardly affected, in the future climate scenario, the influence on wind speed is insignificant, while the influence on the humidity field at the location of 2 m is significant, which is reflected by the decrease of humidity
in the northwest and increase in the Sichuan region in
the east.
In the current climate scenario, the reservoir construction has no impact on the spatial distribution of local
average temperature. The temporal change of temperature is as follows: after the reservoir construction, the
temperature in spring, autumn and winter increases, and
winter, with an annual increase of 0.15 ◦ C, is the most
significant; in the future climate scenario, the project
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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Table 4. Results of model validation.
Scale

Variable

Correlation
coefficient

Large-scale

Rainfall
Temperature

≥ 0.65
≥ 0.89

≤ 10.30
≤ 4.20

–
–

Medium-scale

Runoff
NPP

≥ 0.85
≥ 0.81

≤ 5.29
≤ 7.40

≥ 0.72
–

Small-scale

Runoff
NPP
Vegetation type
COD
NH3 -N

≥ 0.90
≥ 0.86
≥ 0.70
≥ 0.78
≥ 0.78

≤ 8.27
≤ 6.89
≤ 13.65
–
–

≥ 0.75
–
–
–
–

has some influence on the spatial distribution of local
temperature: the low temperature area in the northwest
of the water resource area decreases, while the central
value of high temperature area in the Chengdu Plain in
the east increases. In terms of the seasonal distribution,
it has been observed that, after the reservoir construction, the local temperature will rise in summer and winter and slightly decrease in spring and autumn. It increases by approximately 0.28 ◦ C in winter.
2. Influence of the project on the local precipitation
Through comparison of the simulation results of scenarios A and C, the spatial distribution of local precipitation changes significantly in a changing environment,
and the high-value center in the south of Tibet moves
northward. The regional precipitation tends to decrease
on the whole by approximately 56 mm in the average
annual value; through comparison of scenarios A and B,
the reservoir construction has little impact on the local
precipitation distribution under the current climate conditions. An increase of approximately 34 mm in the average annual precipitation is only detected in the east
of Sichuan province below the dam sites; through comparison of scenarios C and D, the reservoir construction exerts little impact on the regional average annual
precipitation, which slightly increases by approximately
22 mm. The spatial distributions of average annual precipitation under the four scenarios are shown in Fig. 4.
In terms of the seasonal distribution, the precipitation
tends to decrease in winter, spring and autumn after the reservoir construction in future climate scenario, and the decrease
by 19 % in spring is the most significant, while the precipitation in summer increases by approximately 7 %. The change
of the spatial distribution of precipitation before and after the
reservoir construction in the future climate scenario is shown
in Fig. 5.

Relative error (%)

3.4
3.4.1

Nash-Sutcliffe
coefficient

Impact evaluation on typical dewatered river
reaches
Influence on the water amount of downstream
river reaches

According to the diversion scheme of 8 billion m3 water in
the first stage of the western route project, the streamflow
below the dam sites will significantly decrease after the operation of water transfer reservoirs. According to the monthly
distribution plan with regard to discharge amount, it is in
June that the main stream of Yalong River most suffers from
water extraction, and the discharge amount of Reba reservoir in June only accounts for 11.0 % of the mean monthly
flow; the Xianshui River system also suffers from the most
significant influence of the water transfer project in June,
and the discharge amount of Aan and Renda reservoirs in
June, compared with the mean monthly flow, decreases by
88.1 % and 89.6 %, respectively; the Sequ River of Chuosijia River system, where the Luoruo reservoir is located, is
most influenced by the water extraction in October, with its
mean monthly flow decreased by 83.6 %; the Dukehe River,
where Zhuanda reservoir is located, is most influenced in
June, with the mean monthly flow decreased by 92.1 %; the
Zumuzu River system was most influenced by the water extraction in May. The water reduction of some typical river
sections below the dam sites is shown in Fig. 6. The effects
of stream dewatering will decrease with downstream distance
from the dam sites due to inflow of tributaries. The streamflow at Lianghekou section of Yalong River can recover to
55.2 % of that before the water extraction; streamflow at the
river mouth of Xianshui River, Chuosijia River and Zumuzu
River can be recover to 76.6–86.3 % of that before the water
transfer.
3.4.2

Influence on hydraulic indices of downstream
river reaches

After the construction of reservoirs, the downstream channel flow significantly decreases, correspondingly bringing
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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Fig. 4. The spatial distribution of average annual precipitation under the four scenarios. (a) 1993–2002 without reservoirs; (b) 1993–2002
with reservoirs; (c) 2040–2049 without reservoirs; (d) 2040–2049 with reservoirs.

dramatic changes to the water depth, flow velocity, water
surface width as well as surface area of the dewatered river
reaches. The Ganzi section in the Yalong River is such a case,
which is approximately 96 km downstream from the Reba
dam. The average annual flow in this section is influenced by
about 50.7 % by the water extraction. The mean monthly flow
velocity after the water transfer is between 0.72 m s−1 and
1.44 m s−1 , drastically reduced comparing with that before
water transfer, especially during the rainy seasons. In the period of April to June when most fish species spawn, the mean
flow velocity of the section will change from 1.11, 1.36 and
1.74 m s−1 to 0.82, 0.97 and 1.18 m s−1 , with a decrease of
25.9, 29.0 and 32.4 %, respectively. The mean water surface
width and water depth show a similar decrease after the water
transfer, and they are close to the minimum monthly values
on the whole (see Fig. 7). The change in physical habitat conditions will result in a certain impact on the river ecology, and
ecological regulation is needed to satisfy the basic habitat requirement of fish species. Meanwhile, the amount of water
flowing into the dewatered reaches rises because of tributary
inflows with downstream distance from the dam, mitigating
the impact of the water transfer on hydrological regime.

www.hydrol-earth-syst-sci.net/16/2685/2012/

3.5

Impact evaluation on the typical marsh wetlands

According to the land use data in 2000 year, the total
area of marsh wetlands in Yalong and Dadu River Basin
is 765.11 km2 . Approximately 70 % of the wetlands is
recharged via overland flow and hence out of the range of
influence of the water extraction. Approximately 20 % of
the riverine wetlands is also not affected by water extraction, because they are located in the upstream regions far
away from the dam sites, while the remaining 10 % riverine wetlands near the dam sites will be partly affected by the
project (Table 5). With the reservoir filling, the water level
and surface width of the reservoir region rise, which may
potentially change the recharge-discharge relationships between the river and riverine marshes. Water recharging effect
from the riverside may be facilitated. Meanwhile, the flooding effect above the dam sites is enhanced; thus, the area of
existing flooded marshes will increase and even new wetland
will emerge. Therefore, the dam construction has a positive
impact on these wetlands, accounting for 0.2 % of the total
area of marsh wetlands. The flooding effect will be weakened
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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Fig. 5. The spatial distribution of seasonal average monthly precipitation of 2040–2049 under the scenarios of without reservoirs and with
reservoirs(a1, b1, c1 and d1 – spring, summer, autumn and winter, respectively, without reservoirs; a2, b2, c2 and d2 – spring, summer,
autumn and winter, respectively, with reservoirs).

below the dam sites due to dam regulation, negatively influencing approximately 5.0 % of the wetland.
The hydrological factor is the most important environmental factor contributing to the scope, composition, structure and quality of the wetland. The change of hydrological
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012

regime is one of the most important driving forces of the environmental evolution in the wetland. Based on the model
calculation, an analysis of landscape pattern evolution of the
marsh wetlands in the water resource area, under both historical and future scenarios, was conducted. The results are listed
www.hydrol-earth-syst-sci.net/16/2685/2012/
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Table 5. Integrated evaluation of the influence of the western route project on marsh wetlands.
Wetlands classified
according to their
water recharging

Area
affected by
the project

Range of influence
Integral
influence

Influence effect

Local
influence

Percentage

types
Water 70 %
recharging
via overland
flow
Water 30 %
recharging
via river
flow

Positive
or

Degree of
influence

Influence type
Recoverable

Irreparable

negative
No

20 %
10 %

Out of the influence range of the water extraction

No
Yes

Locating in the upstream regions far away from dam sites
Yes
2%
+
0.2 %
8%
−
5.0 %
3.5 %

1.5 %

Note: “+” means a positive impact and “−” means a negative impact. The same below.

(a)

in Table 6. Comparing the two historical scenarios, the landscape pattern of marsh wetlands shows obviously distinct
evolution characteristics. During the period of 1980–2000,
both the wetlands charging via overland flow and river flow
increase in their areas accompanied by enhancement of the
heterogeneity, connectivity and productivity on the whole,
while during 2000–2009, the situation changes in the opposite direction. Both climate change and human activities
play important roles in the wetland evolution, and their degrees of influence drastically vary in different phases. Under
the future scenario without the project, the marsh wetlands
will show a significant decrease mainly resulting from unreasonable human activities (accounting for 70 %). The project
has an overall positive impact on the marsh wetlands under
a changing environment. This indicates that the modification of microclimatic conditions due to reservoir construction
may offset the degeneration of wetlands to some degree.

(b)

3.6

(c)
Fig. 6. Comparison of the mean monthly flow of some typical river
sections before and after water transfer. (a) Ganzi section in Yalong
River, (b) Zhuba section in Niqu River and (c) Daofu section in
Xianshui River.

www.hydrol-earth-syst-sci.net/16/2685/2012/

Impact evaluation on the natural reserves

During the construction phase of the project, a broad stretch
of original forest vegetation will be permanently destroyed
and can hardly be restored. After the completion of the water
transfer reservoir, it is estimated that approximately 1651 ha
of forest land and 2561 ha of shrub vegetation will be submerged. As a result, the rare medicinal plants and wild fungi
resources as well as the natural habitats of wild animals will
be damaged. What is more, the reservoir construction will inevitably result in the loss of fish biodiversity in view of blockage of migration routes and submergence of the torrent habitats and spawning places of fish. Though the newly formed
reservoir wetlands may provide new habitats for species like
waterfowl and wading birds, the natural wetland systems can
not be replaced by the artificial ones because of the clear difference in physical and ecological functioning. After the water extraction, the amount of water available for ecological
systems of such natural reserves as Xialatuo and Kasha Lake
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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+60.8
−6.5

Area
(km2 )

+0.020

−0.010
+0.005

Number
of
patches
(%)

−

+
−

Number
of
patches
(%)

+

+
+

−

+
−

−

−
−

Productivity

Connectivity

Area
(km2 )

+0.020

−0.02
+0.010

Heterogeneity

+9.0
−4.3

Productivity

−20.2

Connectivity

−

+

+
−

+

−

−

+
−

−0.005

−11.5

+

−

Wetlands with water charging via river flow

Table 6. The evolution characteristics of landscape pattern of the marsh wetlands and their influencing factors.

−26.7
+0.001

Heterogeneity

1980–2000
2000–2009

+3.2

Wetlands with water charging via overland flow

Historical
scenario
Without the
project

Situation

Future
scenario
With the
project

+

(2009–2030)

30 %

70 %
40 %

influence
of climate
change

Degree of

30 %

70 %

30 %
60 %

influence
of other
human
activities

Degree of

50 %

/

/

influence
of the
project

Degree of

20 %
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(a)

(b)

(c)
Fig. 7. Influence on the average flow velocity, water surface width
and water depth at the Ganzi section of Yalong River. (a) Mean flow
velocity, (b) mean water surface width and (c) mean water depth.

downstream from the dam will drastically decrease. However, with an ecological operation, the discharge flow can basically satisfy the ecological water requirement.
3.7

3.7.1

Impact evaluation on the water environment below
the dam sites
Influence on the water quality of main river
reaches below the dam sites

Given the change of socio-economic level, pollution discharge, and water resource allocation in different phases of
development, the influence of water transfer on the water
www.hydrol-earth-syst-sci.net/16/2685/2012/
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environment below the dam sites is discussed in three target years: 2010 (present), 2020 and 2030 (future). For the
Ake River reaches, the five-day biochemical oxygen demand
(BOD5 ) can meet the standard I of surface water quality, and
the chemical oxygen demand (COD) and ammonia-N (NH3 N) can meet the standard II in the three target years under the
scenarios of water extraction, average annual flow and without consideration of pollution control. During the dry season in February, water quality above and below Aba county
section on Ake River is different. In the target year of 2010,
BOD5 can meet the standard I and both COD and NH3 -N can
meet the standard II for the whole reaches of Ake River after water extraction. The water quality will not show obvious
change in the future target years of 2020 and 2030 for the
Ake River reaches upstream from the Aba country section,
while, the predicted values of the three indices show a distinct change for the reaches below the Aba section. In 2020,
the water quality of the 79-km reach from the Aba section
to the Ake River mouth will degrade to the standard IV and
standard III with a river length of 43 km and 36 km, respectively. Comparing to the scenario without water extraction,
the maximum values of the concentration of BOD5 , COD
and NH3 -N in Aba section increase by 13, 4 and 24 %, respectively. And the reach length of standard IV increases by
18 km. In 2030, the water quality in the Aba county section
will degrade to the standard V, and the water quality of the
whole 79-km reach will merely meet the standard IV. The
maximum values of BOD5 , COD and NH3 -N in Aba section increase by 13, 3 and 8 %, respectively, and the reach
length of standard IV increases by 9 km compared to the scenario without water extraction. On the whole, without pollution control, the water extraction will significantly degrade
the water quality below the Aba section with a relatively
high pollution load. The limit values of COD, BOD5 and
NH3 -N for different water categories are extracted from the
environmental quality standards for surface water of China
(GB 3838-2002), as shown in Table 7.
With pollution control, the water quality will be significantly improved. During the dry season in February, the
BOD5 can meet the standard I and both COD and NH3 -N
can meet the standard II for the whole reaches of Ake River
except the Aba country section, in the future target years of
2020 and 2030. The concentration of BOD5 in Aba county
section slightly exceeds the standard II and is in line with the
standard III. The result indicates that the water quality can
be raised by 1–2 levels with the implementation of pollution
control measures. The water quality of Ake River reaches in
February under different scenarios is shown in Fig. 8.
The water quality of the other seven rivers will not show
significant degeneration in the three target years after the water extraction. It can still meet the standard II of surface water
quality without pollution control. The concentration of NH3 N in reaches downstream from the dams will significantly
decrease by 27–41 % in the initial stage of the rainy season.
The purification effect of the water transfer reservoirs tends
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012
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Table 7. The limit values of COD, BOD5 and NH3 -N for the surface water quality standards unit (mg l−1 .)
Items

Standard I

Standard II

Standard III

Standard IV

Standard V

COD ≤
BOD5 ≤
NH3 -N ≤

15
3
0.15

15
3
0.5

20
4
1.0

30
6
1.5

40
10
2.0

Fig. 8. The water quality of Ake River reaches below the dam sites in February under different scenarios. (a), (b), (c) The three target years
of 2010, 2020 and 2030, respectively, without pollution control; (d) 2010 with pollution control, (e) 2020 and 2030 with pollution control.

to reduce the ammonia pollution in the river reaches below
the dam sites and improve the water quality to some degree.

overall has a limited effect on the water environmental capacity of reaches below the dam sites.

3.7.2

3.8

Influence on the water environmental capacity in
the county sections

Based on the water quality objective (standard II) of water
function zoning, the influence of water extraction on the capacity of water environment in the county sections is analyzed. The water environmental capacity of COD and NH3 N decreases by 13–32 % resulting from a substantial reduction in the river flows after the water extraction. The Ake
River, the most sensitive river to the water reduction, will
suffer from a serious water quality problem, and the pollution
control measures are needed. However, the surplus capacity
of water environment of the other rivers related to the water
transfer project remains high. This indicates that the project
Hydrol. Earth Syst. Sci., 16, 2685–2702, 2012

Overall evaluation of the comprehensive influence

On the basis of the results of single-item evaluation, the degrees of influence of each influencing items were classified
by the expert estimation system. Overall evaluation of the
comprehensive environmental impact of the western route
project of SNWTP is intuitively shown in Figs. 9 and 10. The
color sectors are related to a scale of impact, and the sectors
of the outside lanes indicate a higher impact scale than that
of inside ones.
In general, the major environmental impacts of the project
lie in the permanent destruction of vegetation during the
phase of dam construction and river impoundment as well
as the significant impact on the hydrological situation of the
www.hydrol-earth-syst-sci.net/16/2685/2012/
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Fig. 9. Overall evaluation of the comprehensive environmental impact of the project (1).

Fig. 10. Overall evaluation of the comprehensive environmental impact of the project (2).
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river corridors after the implementation of water extraction.
The influence on local climate and vegetation, typical marsh
wetlands, natural reserves and water environment below the
dam sites is limited.
4

Conclusions

Based on the practical needs of the impact evaluation of the
western route project of SNWTP in a changing climate and
supported by a climate-hydrology-ecology coupled simulation model, quantitative analysis on three different scales of
space has been undertaken, focusing on local climate, typical
dewatered river reaches, typical marsh wetlands, natural reserves and the water environment downstream from the dam
sites. The conclusions are as follows:
1. The influence on the local climate of the water resource area: the reservoir construction has little influence on the wind speed and temperature in the water
resource area. While a relatively significant change in
the regional humidity field and precipitation distribution is observed under the changing environment with
the reservoir construction, the average annual rainfall
increases by approximately 22 mm.
2. The influence on typical dewatered river reaches: after
the water extraction, the downstream channel flow will
suffer from a sharp decrease, accompanied by the drastic change of hydraulic indices of the water depth, the
flow velocity, the water surface width and surface area.
The altering hydrological regime results in a certain impact on the river ecology. Meanwhile, the amount of water flowing into the dewatered reaches rises due to tributary inflows with downstream distance from the dam,
mitigating the negative impact of water reduction..
3. The influence on typical marsh wetlands: approximately
10 % of riverine wetlands near the dam sites will be
partly affected by the project. The enhanced flooding effect and water recharging effect from the riverside may
positively increase the area of wetlands above the dam
sites. The project seems to have an overall positive impact on the marsh wetlands under a changing environment because of the reservoir-induced modification of
microclimatic conditions.
4. The influence on natural reserves: the constructioninduced vegetation destruction and submergence of vegetation in the reservoir regions will inevitably damage the biodiversity in the natural reserves. Though the
newly formed reservoir wetlands may provide new habitats for species like waterfowl and wading birds, their
impact on the biodiversity is uncertain.

quality of Ake River especially in the Aba county section due to a high pollution load and a reduced water
environmental capacity. The water quality level can be
apparently raised with the implementation of pollution
control measures. The water quality of the other seven
rivers with relatively high surplus capacities of water
environment will not show significant degeneration. In
addition, the concentration of ammonia in the initial
stage of rainy season shows a dramatic decrease by 27–
41 % with the purification effect of the water transfer
reservoirs.
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