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China is rich in hydropower resources, and mountain rivers have abundant 
water resources and huge development potential, which have a profound 
impact on the pattern of water resources allocation in China. As the main 
way of water resources and hydropower development, the construction 
of cascade hydropower stations, while meeting the requirements of water 
resources utilization for social development, has also brought adverse 
effects on river ecosystems. Therefore, the impact of the construction of 
cascade hydropower stations on mountainous river ecosystems, where 
the minimum ecological flow of rivers must be ensured and reviewed. In 
addition, this paper proposed the deficiencies and outlooks for cascade 
hydropower stations based on previous research results.
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1. Introduction

China is rich in water energy resources, with an annual 
river runoff of about 2.8 trillion m3, accounting for 5% of 
the world’s total runoff and ranking sixth in the world [1]. 
In recent years, the current situation of energy supply and 
demand in China has become increasingly severe, and hy-

dropower energy as a clean and renewable energy 
source has been vigorously developed by the country, 
and hydropower development is also the main form 
of contemporary development and utilization of hy-
dropower resources [2]. As of 2019, China has built 
98112 various types of reservoirs with a total capac-
ity of 898.3 billion m3, of which there are 774 large 
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reservoirs with a total capacity of 715 billion m3;  
3978 medium-sized reservoirs with a total capacity of 
112.7 billion m3 [3].

As an important constituent type of rivers in China, 
mountain rivers possess abundant water resources and 
huge development potential, which have a profound im-
pact on the pattern of water resources allocation in China. 
Mountain river areas are often relatively closed, less so-
cio-economically developed, with fragile ecosystems and 
complex geological formations [4]. Cascade development 
of mountain rivers refers to the placement of a series of 
stepped water hubs on mountain rivers in order to fully 
exploit the hydroenergy resources of mountain rivers [5]. 
The construction of large scale cascade hydropower sta-
tions on mountain rivers has greatly contributed to the 
allocation and management of local water resources and 
promoted local economic development, but it has also 
brought about a huge impact on the local mountain riv-
ers and ecosystems. Moreover with the fact that cascade 
hydropower development has a watershed impact, which 

brings about a series of group, systematic and cumulative 
impacts in the watershed [6], makes the impact of cascade 
power stations on rivers much greater than that of single 
hydropower project [7]. In recent years, the construction of 
cascade power stations in mountain rivers has produced 
adverse effects on mountain river ecosystems. Therefore, 
it is far-reaching to study the effects of cascade power 
station construction on mountain river ecosystems, to 
comprehensively understand the adverse effects on the 
ecological environment and take certain preventive man-
agement measures against them. Based on these results, 
this paper summarizes the impact of the construction of 
cascade hydropower stations on mountain river ecosys-
tems and some preventive management measures, and 
proposes directions that still need to be further explored 
to provide some references for the continued study of the 
impact of cascade power plant construction on mountain 
rivers. As shown in Figure 1, people build cascade hydro-
power stations in mountain rivers. Figure 2 introduces the 
framework of this paper.

Figure 1. The cascade hydropower stations

Figure 2. the framework of this paper



19

Research in Ecology | Volume 04 | Issue 01 | March 2022

2. Mountain Rivers

The interaction between the hydrological processes 
of mountain rivers and the mountain ecosystems on both 
sides of the river are complex, which must be studied as a 
complete ecosystem. The equilibrium and stability of this 
ecosystem is formed over a long period of time. With the 
construction of water hubs, especially the construction of 
cascade hydropower stations of the watershed, the equilib-
rium of this system is disrupted, causing drastic changes 
to form a new equilibrium in a short period of time. The 
new ecosystem may cause changes in the river water en-
vironment, leading to a reduction in the range of species 
resource habitats, regulation of resource allocation, etc., 
which in turn affects the health of the entire ecosystem 
and its ability to develop sustainably.

2.1 The Concepts of Mountain Rivers

Literally, mountain rivers are rivers that originate from 
and are located in mountainous areas. This concept has 
been interpreted differently in different disciplines. Lewin 
J [8] considered mountain rivers as rivers with coarse bed 
material and slopes greater than 1% with plunging deep 
channel morphology. James C considered mountain rivers 
as rivers with beds composed of coarse-grained bed sand, 
with slopes between 0.5% and 5% of the river bottom and 
water depths less than 10 times the bed sand grain size. 
Qian Ning et al. included alluvial cones and pebbly rivers 
formed in ice-water depositional plains in the category of 
mountain rivers [9]. Zhang Guangke described the charac-
teristics of watercourse branching ratio, branching capac-
ity, watercourse level, and width-to-depth ratio of moun-
tain rivers based on the analysis of river characteristics, 
and pointed out that the branching ratio of watercourses in 
mountain rivers is usually 3-4, and the branching capac-
ity is a constant close to 4. Generally, the width-to-depth 
ratio tends to a constant after the watercourse level is 12 
[10]. Wang Xiekang et al. argued that to describe or study 
mountain rivers and their characteristics, they should be 
based on mountainous region or mountainous watersheds, 
combined with their own unique substrate conditions and 
the hydrological characteristics of rivers, and it is unrea-
sonable to ignore any aspect to define them [11].

2.2 The Characteristics of Mountain Rivers

2.2.1 Terrain Characteristics

The basic river types of mountain rivers are canyons 
and wide valley sections, which are influenced by the 
topography, geology and lithology along the course of 
the river. Both of them usually occur in close proximity 

to each other. The canyon section usually has a narrow 
valley body. The water cuts the valley bottom deeper and 
the valley slope is steep. Some banks are even accompa-
nied by bare high mountains and octopus wall, the valley 
trough is deep, and the difference in river width between 
flood level and mid-water level is not significant. The 
wide valley section usually has an open valley body, a 
wide and shallow river bed, the water cuts the valley bot-
tom shallower, the banks are accompanied by cascades, 
and the river is accompanied by side beaches and river 
core islands, and the difference in flood level, mid-water 
level and the difference between flood level, mid-water 
level and dry water level is relatively significant.

The longitudinal section of the river in the mountain-
ous area is steep at the top and slow at the bottom, with 
sudden high and low, uneven, cascade-like and gradually 
sloping downstream. The small undulating river bottom 
results in very uneven water depths along the river, rang-
ing from a few meters to tens of meters in deep water, but 
usually less than 1 meter in shallow water.

There are rock spouts and rocks entering in the banks 
of mountain rivers, so the river’s shoreline is very irregu-
lar, especially for dry rivers, which have narrow channels, 
with wide and narrow river surfaces, many chokepoints, 
sharp bends and narrow channels.

2.2.2 Geological Characteristics

The main composition of the bed of mountain rivers 
is bedrock and pebbles, and the grain size of pebbles is 
usually coarse, and some thicker cover of pebbles and 
gravels also exists. That is, mountain rivers are mainly 
stony riverbeds, but also have a definite pebble bed. Stony 
riverbeds are more stable and siltation is not obvious, but 
suffered from long-term undercutting and lateral erosion 
by water flow, the riverbeds will have a certain degree 
of shape change. Local river sections are subject to land-
slides, landslides and outbreaks of flash floods in streams 
and gullies, which can produce intense and frequent 
deformation. The pebble bed is subjected to long-term 
transport and friction by water flow, and there is a clear 
phenomenon of siltation change, with a smooth surface 
and no angularity. However, the pebbles are large in size 
and weight, so the riverbed is also relatively stable.

2.2.3 Hydrologic Characteristics

During the flood season, the main runoff source of 
mountain rivers is rainfall, while the major method is 
groundwater recharge in dry season. In the season of 
heavy rainfall, the water level is higher and the flow is 
larger. However, in the season of less rainfall, the water 
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level and flow are more stable and the flow is smaller, 
meaning a more steady dry period. Due to the narrow riv-
erbed and large slope, heavy rainfall can quickly converge 
into the main stream with a rapid water flow, leading to 
the rise of water level and the surge of flow , but also 
can discharge the flood and drop the water level quickly. 
Therefore, mountain rivers have obvious phenomenon of 
storm rise and fall, and the variation of water level and 
flow is also significant.

3. Effects on Water Ecosystems

The development of hydropower cascades plays as a 
large driving role in the natural ecosystem and can cause 
drastic changes in various ecological elements, the com-
plexity of the mountain rivers’ own ecosystem as well as 
the instability of ecological elements. With the cumulative 
effects of the cascaded power stations, the impact on the 
ecosystem will be greater. The development of hydropow-
er cascades will undoubtedly produce strong disturbances 
and adverse effects on the watershed ecosystems, which 
in turn will cause transformation in river morphology, 
watershed hydrology, local destruction of vegetation, soil 
erosion, animal infestation, and threats to fish survival and 
reproduction [12].

3.1 Watershed Hydrology

3.1.1 Water Temperature

Water temperature is one of the most important factors 
in analyzing the impact of watershed cascade power plant 
development on the water environment. To a certain ex-
tent, water temperature can change the physical, chemical 
and biological properties of water bodies, influencing the 
material cycle and energy flow of water bodies, as well 
as the development, metabolism, growth structure and 
population distribution of organisms in water bodies. Res-
ervoir water temperature observation has been carried out 
in China since the mid-1950s, and in the 1960s reservoir 
water temperature observation was gradually carried out 
in large and medium-sized reservoirs [13]. At present, the 
methods of predicting reservoir water temperature dis-
tribution at home and abroad mainly include empirical 
formula method, numerical analysis method, and analogy 
method [14,15]. Zhu Bofang [16] proposed the empirical for-
mula method, and on the basis of statistical analysis of the 
measured water temperature, the formula for calculating 
the intra-annual variation, average annual temperature, 
annual variation, and phase difference of reservoir water 
temperature was proposed. And the analogy method is 
to use the measured water temperature information of 
constructed reservoirs and predict by analogy the water 

temperature distribution of unbuilt reservoirs with similar 
conditions, but the accuracy of the method is not high be-
cause the hydrological conditions, material structure and 
actual operation of the reservoirs are quite different. The 
numerical analysis software for reservoir water temper-
ature (NAPRWT), developed in China, has been applied 
in various domestic projects considering four major ele-
ments, including the shape of the reservoir, hydro-mete-
orological conditions, reservoir operation conditions, and 
initial reservoir storage conditions [17]. In addition, MIKE 
software is applied to establish a prediction model of the 
effect of hydropower development on water temperature 
focusing on the cumulative effect of water temperature 
caused by cacsade hydropower development. Some schol-
ars have conducted a more in-depth study on the effect of 
basin cascade power stations on water temperature, Huang 
Feng and Wei Lang et al [18] further carried out the effect 
of different water temperature structure cascade power 
stations on the downstream water temperature, water tem-
perature time accumulation effect and water temperature 
spatial accumulation effect, their research shows that the 
stratified reservoir has the greatest change on natural wa-
ter temperature, the stable stratified reservoir has a posi-
tive effect on water temperature accumulation, the mixed 
reservoir has a the negative effect (i.e., the temperature 
difference decreases due to the regulating effect of the res-
ervoir), and the transitional reservoir is in between. Liang 
Ruifeng and Deng Yun et al [19] studied the relationship 
between the number of staircases and the delay time of 
discharging water temperature, and found that the delay 
time of discharging water temperature of joint dispatch in-
creased with the increase of the number of staircases, and 
the discharging water temperature of each staircase was 
flattened, and the temperature difference of discharging 
water temperature tended to be stable.

At present, scholars at home and abroad have suc-
cessively carried out research work on the effects of 
watershed cascade power stations on water temperature. 
The construction of cascade power stations improves the 
utilization of water resources, but changes the spatial and 
temporal distribution processes of natural river runoff and 
heat. Because the transferability and cumulative nature of 
water temperature changes along the course, without suf-
ficient attenuation distance, the changing effects of water 
temperature accumulate with the increase in the number 
of cascade reservoirs, which will finally cause a series of 
group, systematic and cumulative environmental impacts 
in the watershed [20]. Zhang Qianwen [21] conducted a sta-
tistical analysis of the water temperature monitoring data 
of the Dang River basin from 1985 to 2015 based on the 
hydrological station of Dangchengwan, and concluded 
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that the water temperature showed an increasing trend 
about 1 °C during the 31 years from 1985 to 2015. Large 
reservoirs cause water temperature stratification, with the 
water temperature of the lower layer being high in winter 
and low in spring, summer and autumn. The lower layer 
of water is discharged, causing the water temperature of 
the downstream river high in winter and low in spring, 
summer and autumn. Liu Xiaoai et al. [22] pointed out that 
after the construction of the cascade power stations in 
the Lixian River basin, the annual average value of water 
temperature behind the dam was basically the same as that 
of the original natural river, but the average water temper-
ature changed significantly month by month during the 
year, and the water temperature at the exit point in spring 
and summer decrease by about 0 °C-2 °C. Due to the in-
crease of water area, the thermal effect of the water body 
in the reservoir area of the the construction of cascade 
hydropower stations leads to the improvement of local en-
vironmental quality and terrestrial climate, such as the in-
crease of rainfall, humidity, the increase of annual average 
temperature and the decrease of temperature difference. 
The degree of impact has a positive correlation with the 
degree of increase of water area.

In general, the current research results on the influence 
of the current basin cascade power stations development 
on water temperature have the following shortcomings: 
First, the existing results are not highly universal, the 
temperature change is complex and closely related to the 
hydrology of the basin, climatic conditions, the degree of 
development of the cascade power stations, etc. Therefore, 
the change law is only applicable to part of the project, 
and cannot fully and completely reflect the water tempera-
ture change law of the joint operation of the cascade reser-
voirs. Second, the water temperature change law is still at 
the exploration stage, and the application is low. The law 
of change of water temperature is still in the exploration 
stage, the application isn’t extensive. The simulation and 
application of temperature law is more used in the design 
stage before the development of power station, after the 
power station is put into operation, the change of water 
temperature on the downstream hydrological situation and 
water environmental conditions can not be applied to con-
trol the use.

3.1.2 Flow

Before the construction of the cascade power stations, 
the river flow and velocity were continuous. After the con-
struction of cascade hydropower stations, the development 
of dams and diversion tunnels showed a serious isolation 
effect on the natural river channels, and the continuity of 
river flow was disrupted. Ma Cong et al. [23] studied the 

changes in downstream runoff before and after the con-
struction of Ankang reservoir and found that the average 
monthly runoff decreased by 690 million m3/month from 
April to November and increased by 100 million m3/
month from December to March after the construction 
of the reservoir, and that the construction of the reservoir 
was the most direct factor contributing to this result. Tak-
ing the Lancang River as an example, Gu Ying et al. [24] 
found that after the operation of the cascaded power sta-
tion, the average multi-year runoff decreased by 10.64% 
in the rainy season and increased by 45.94% in the dry 
season, while the average annual flow remained almost 
unchanged. The annual water level-time course of the riv-
er after such regulation tends to be flat, with little change 
in runoff during the year, which has a peak-shaving and 
peak-staggering effect on large floods and helps to reduce 
the hazards caused by floods. However, due to the lack 
of unified planning and management of river hydropower 
development, the development of cascade power stations 
also brings some negative effects on water resources 
utilization. Studies have shown that the construction of 
cascade power stations can lead to a reduction in river 
runoff, and even the phenomenon that some rivers break 
and disappear [25], changing the hydrological rhythm of 
large and small rivers [26]. Li Chaoxia and Fan Yi [27] point-
ed out that during the dry period when the natural runoff 
is less than the diversion volume, the river channel may 
break. Lianfang Xue [28] and Bin Fu [29] pointed out that the 
longer the diversion pipeline and the higher the diversion 
flow rate, the more likely the river channel is to break 
during the construction of diversion-type cascade power 
stations. Fan Jihui [30] and Zou Shuzhen [31] conducted a 
field study on the current status of cascade development 
in the upper reaches of the Minjiang River and the middle 
reaches of the Ganjiang River, respectively, and found that 
unreasonable hydropower development has caused some 
rivers to break and other phenomena. Zhang Qianwen [21] 
studied the impact of the construction of the Party River 
cascade power stations on runoff changes and found that 
the river flow of the power stations with too large design 
diversion flow cannot meet the maximum diversion flow 
required for power generation in the cascade power sta-
tions. The river is prone to breakage in the season when 
the flow of the Party River is low; the river section where 
the diversion flow required by the cascade power station 
is high is also prone to river breakage. Moreover, the cu-
mulative effect of the cascade power station will make the 
phenomenon of river breakage more significant. The river 
bed is exposed, the vegetation along the river bank is ex-
tinguished, and the aquatic organisms cannot survive and 
reproduce, and other serious adverse ecological effects are 
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caused by the river break. The river ecosystem is closely 
related to the river runoff, and the gradient development 
will cause drastic changes in the river runoff, and these 
drastic changes will inevitably cause a huge impact on the 
river ecosystem as well.

From these research results, it seems that the construc-
tion of cascade power stations significantly affects the 
flow variability of rivers, and its impact has both advan-
tages and disadvantages. The variation of river flow is 
closely related to the topography, hydroclimatic condi-
tions, and the degree of development of the cascade pow-
er stations, etc. The universal results of runoff variation 
under the influence of the cascade power stations have not 
been obtained yet. In addition, further studies should be 
conducted to control the negative impacts such as the re-
duction of river runoff and even disconnection caused by 
the construction of the cascade power stations.

3.1.3 Sediment Accumulation

The development of the basin’s cascade power stations 
leads to changes in the hydrodynamic conditions of the 
river, with reduced flow and river disconnection, which 
in turn leads to changes in the properties of particulate 
matter and nutrients in the water body, and the scouring 
effect of the river on the river becomes smaller, so that a 
large amount of sediment is retained in the water body [32]. 
In addition, the sand retention effect of the barrage of the 
cascade power stations affects the sand transport function 
of the river and disrupts the original sand transport bal-
ance of the river, which leads to the incoming sand from 
the upstream stopped in the cascade reservoir area, caus-
ing sediment siltation near the cascade power station and 
a large reduction in the sand content in the downstream 
water, and the sand content in the downstream river and 
water body becomes less accordingly. Matti et al [33] found 
that the average reduction in sand content in the lower 
Mekong River was about 20.3% in the initial period after 
the construction of Manwan Dam. Kou et al [34] found that 
the sand content in the downstream of the reservoir was 
significantly reduced and siltation in the reservoir area 
through a study of the Long Yangxia-Liujiaxia section of 
the upper Yellow River, which has a high degree of cas-
cade development. Weng, Wenlin et al [35] found that the 
sand content in the lower reaches of the Yangtze River 
was greatly reduced after the construction of the reservoir 
group in the upper reaches of the river, with a decrease 
of 26.5% to 84.2%. The river water in the lower reaches, 
which originally carried a large amount of sediment and 
was mainly used for siltation and land formation, became 
sediment deficient, which strongly eroded the river section 
below the dam, scoured and deformed the riverbed, and 

threatened the river banks as well as the buildings on both 
sides [36]. At the same time, the development of the basin 
cascade has a cumulative effect on sediment siltation and 
increases the severity of sedimentation substantially.

Based on the current research, the impact of the con-
struction of the cascade power stations on sedimentation is 
mainly negative, and how to take corresponding remedial 
measures is also a very realistic and new problem. For this 
reason, it is necessary to further study the optimal sched-
uling of sediment in the group of cascade reservoirs. First-
ly, how to slow down the process of sediment siltation as 
much as possible; secondly, how to regulate the amount of 
sediment siltation among the group of cascade reservoirs 
under the condition that the total amount of siltation is 
certain, so that the total benefit of the reservoirs group can 
be optimized.

3.2 River Morphology

The construction of cascade hydropower stations trans-
forms natural rivers into water bodies consisting of mul-
tiple reservoirs of various sizes and regulation properties, 
water-reducing reaches and undeveloped reaches, and 
changes the vertical continuity. This change in water form 
and area is more prominent for mountainous rivers than 
for plain rivers. For example, after the completion of the 
Lancang River cascade hydropower stations, the area of 
the eight cascade reservoirs totaled 62,112 km2, and their 
water area increased by about 53,211 km2 compared with 
that of natural rivers, which is seven times as the natural 
water surface area [37]. The scouring of the river channel 
by the discharge of clear water may make the river chan-
nel shift sideways and the river is cut and straightened. 
Compared with a straight channel, a meandering river 
reduces the slope drop, decreaseing the river flow velocity 
and water and sand transport capacity, which facilitates 
the formation of a diverse aquatic environment to protect 
the species diversity of aquatic organisms. Therefore, the 
change of river morphology can also have a negative im-
pact on river ecosystems.

3.3 Aquatic Organism

The development of the cascade has changed the hy-
drological conditions of the original aquatic ecosystem, 
causing fragmentation of aquatic habitats, resulting in 
breakage and siltation of river sections, and bringing sig-
nificant impacts to aquatic organisms.

The formation of reservoirs and the amount of water 
discharged from them during dry periods raises the water 
level in the lower reaches of the river, inundating the loss 
of floodplains, wetlands, and riparian vegetation zones [38], 
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and the construction of cascaded reservoirs will superim-
pose and amplify these effects. The riparian zone is unable 
to filter out or absorb sediments, nutrients, and pollutants 
before they flow into the river, and changes in water qual-
ity will occur. Fanyang et al. [39] studied the Three Gorges 
Project of the Yangtze River as an example and found that 
a large proportion of riparian vegetation disappeared and 
was affected mainly by the reversal of floods, the prolon-
gation of flood duration, and the creation of new fallout 
zones.Ouyang et al. [40] studied and developed an analyt-
ical technique for identifying and predicting the impact 
of cascade development on riparian vegetation, using the 
upper Yellow River as an example The analysis technique 
can provide basic guidance for reducing the impact of cas-
cade development on river banks.

The construction of cascade hydropower stations has 
threatened the survival and reproduction of fish, and re-
duced their populations and numbers. It also increases 
the population biomass of phytoplankton and reduces the 
number and species of benthic animals. Ming et al. [41] 
found that the density of macrobenthos decreased signif-
icantly at the beginning of water storage in Three Gorges 
Reservoir; however, after a certain period of adaptation, 
the total density of macrobenthos increased significantly 
from 2005 onwards, and showed a clear seasonality, with 
the lowest in winter and the highest in autumn. At later 
stages of development, the reservoir ages, at which time 
both macrobenthic community diversity and density de-
crease, forming a single structure with fouling-tolerant 
species as the dominant taxa [42]. The main reason for this 
is that the survival rate of fish through hydraulic structures 
such as barrages is zero. The river flow is sharply reduced 
or even cut off cannot satisfy the basic habitat for fish. 
Hydroelectric power plants use drop-offs to intensify the 
scouring of downstream rivers by water bodies, result-
ing in the migration or disappearance of fish spawning 
grounds and changing important habitats such as fish 
overwintering grounds, spawning grounds and baiting 
grounds. Due to the dam blocking the river, the natural 
passage of fish and other aquatic organisms is cut off, 
resulting in the regionalization of fish habitat, blocking 
the genetic exchange between fish populations, causing 
inbreeding of fish and reducing the quality of fish popula-
tions. The siltation of sediment creates difficulties for fish 
feeding. Water temperature also affects fish reproduction. 
Large reservoirs cause stratification of water temperature, 
with high lower layer water temperature in winter and 
low lower layer water temperature in spring, summer and 
autumn; after the lower layer water is released, the water 
temperature in the downstream river is high in winter and 
low in spring, summer and autumn, which interferes with 

the fish reproduction process. It has been found that the 
spawning time of Chinese sturgeon and the four major 
fish species in the Yichang River section downstream was 
delayed and the spawning size was significantly reduced 
after water storage in Three Gorges Reservoir [43]. After 
the construction of the cascade power station, the water 
temperature becomes higher and the flow velocity slow-
er, which is suitable for the growth of plankton, and the 
population and quantity of plankton increase. The siltation 
reduces the area where benthic animals can attach, and the 
population and number of benthic animals decrease. 

In summary, various perturbations to the river systems 
from the construction of the cascade power stations will 
affect the species composition, distribution and activity 
patterns of aquatic organisms. Previous studies have most-
ly focused on the response of single aquatic organisms to 
power stations construction, while relatively few studies 
have considered different aquatic organisms. Since dif-
ferent aquatic organisms have different life history char-
acteristics and environmental adaptability, considering 
the response of plankton, benthos, fish and other aquatic 
organisms to power stations construction can reflect the 
impact of power stations construction on aquatic ecosys-
tems more comprehensively, and also provide basic data 
and scientific basis for rational hydropower development 
and management.

4. Countermeasures

4.1 Ensure the Minimum Influence of the River

The need to ensure the minimum ecological flow of the 
river is the primary condition for maintaining the dynam-
ic balance of the river ecosystem and ensuring a healthy 
river ecosystem [44]. To ensure the minimum ecological 
volume of the river, i.e., to ensure the normal ecological 
water consumption and water quality requirements, and to 
reduce the impact of the construction of the cascade pow-
er stations on aquatic organisms, the barrage discharge 
must meet the minimum discharge flow requirements. The 
historical flow method, also known as the Tennant method 
[45], is used to calculate the minimum flow requirements 
for rivers, and it is believed that when the flow is less 
than 10% of the average flow, the flow velocity and water 
depth decay and will provide only transient conditions for 
the survival of aquatic organisms. This shows the impor-
tance of ecological flow for river ecosystems. At present, 
there are several methods to estimate the minimum eco-
logical flow in China and abroad. Accordingly, the mini-
mum ecological demand within the construction section of 
each cascade power station is calculated, and supervision 
and protection measures are taken. For example, super-
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vising and managing the cascade power stations to ensure 
that the power stations install online flow measurement 
devices; not conducting diversions and discharges during 
the dry season when the river flow itself is low; and di-
rectly releasing the river when the minimum ecological 
flow of the river is more difficult to guarantee. Reduce the 
occurrence of river disconnection, minimize the impact 
on aquatic organisms, and ensure the balance of river sand 
transport.

In view of the adverse effect of water temperature in 
cascade power stations, the measures to adjust the low-
er discharge water temperature include stratified intake 
of water and optimization of reservoir operation mode. 
Zheng et al. [46] have took Maji Reservoir as an example, 
and the outlet temperature of different power stations un-
der the current reservoir operation mode was compared 
and analyzed. They concluded that the higher the water 
intake location is, the higher the water temperature will 
be in spring. The stratified water intake is effective to 
mitigate the influence of cold water. Zhang et al. [47] also 
found that when getting water on a single-layer of reser-
voir, the reservoir has a great influence on the downstream 
water temperature. However, when the water draw by the 
layered water intake with stacked beam gate, the influence 
of the low-temperature water effect on the downstream is 
effectively slowed down. In order to solve the problem of 
sediment deposition, Yan and Liu pointed that the trans-
ported-sand device need to be located. The device can dis-
charge flood water and remove part of the sediment in the 
reservoir, which can reduce the sediment accumulation in 
upstream side [48].

4.2 Establish Fish Protection Zones

Select 1 or 2 suitable tributaries in the development sec-
tion of the cascade power station as fish “protection zones” 
no longer for hydropower development. Establish 1 “fish 
augmentation station” at a suitable location as a supplemen-
tary measure for fish protection in the basin. In view of the 
complexity of fish enhancement and release techniques, it 
is necessary to carefully study the enhancement and release 
techniques in order to give full play to them. The stocking of 
exotic fish species in the reservoir must be prohibited after 
the completion of the hydropower station; destructive and 
indiscriminate fishing is prohibited.

4.3 Establish a Sound Environmental Impact 
Assessment System and Speed Up Legislation

Promote the hydropower basin planning environmen-
tal impact assessment and hydropower basin planning in 
order to pay attention to the ecological environment from 

the source, the development of the overall situation of the 
impact on the ecological environment issues, the basin 
development of the ecological environment to minimize 
the impact of the watershed to maximize the benefits of 
water development and minimize the impact on the eco-
logical environment. In future power stations construction 
work, local governments should strengthen regulations 
and legislation to strictly manage the orderly development 
of hydropower, environmental assessment and project 
approval of relevant projects must be strictly required. If 
a watershed must be opened for the construction of a new 
power station, it must meet the minimum ecological flow 
of the river to minimize its adverse impact on the ecologi-
cal environment [49].

5. Conclusions

The construction of cascade power stations in moun-
tain rivers is becoming more and more widespread, and 
the current reservoir dispatch is generally aimed at flood 
control and profit generation, often neglecting the health 
of river ecosystems. With the strengthening of people’s 
awareness of river ecology, research on the impact of the 
construction of cascade hydropower stations on mountain 
river ecosystems has been carried out, and a lot of results 
have been achieved, but there still have shortcomings.

On the one hand, there are more studies on the ecolog-
ical impact of single hydropower projects and the quan-
titative level is higher, while there are fewer quantitative 
studies on the cumulative impact of river the construction 
of cascade hydropower stations on watershed environ-
ment, and even fewer studies on mountain rivers. On the 
other hand, most of the scholars only study how and to 
what extent the the construction of cascade hydropower 
stations affects various aspects of river ecology, but little 
research has been done on the impacts of different scales 
of the construction of cascade hydropower stations on dif-
ferent scales of rivers, and there is no further research on 
how to avoid or reduce these impacts through engineering 
or non-engineering measures. Also there is no model or 
equational relationship on the data that can be used to 
analyze changes in ecological elements comprehensively. 
Therefore, this paper argues that in the future, based on 
previous research results, we need to study the ecological 
impacts caused by building cascaded power stations of 
different sizes on mountain rivers at different scales, and 
apply relevant evaluation models to evaluate each ecolog-
ical element.
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