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Abstract—Water is material basis of human existence and an indispensable resource for the development of human society. 
Therefore, development and utilization of water resource plays an important role in production and life of human society. 
There exist various ways for development and utilization of water resource. Reservoir construction is one of the ways. As with 
exploitation and utilization of any other resources, development and utilization of water resource also bring about 
environmental problems. In this paper, large and medium sized reservoirs in Hunan province and Jiangxi province, which are 
located in hilly areas in southern China, were used as an example to analyze the influence of construction of large and 
medium-sized reservoir on environment. Data used in this study came from related literatures and field investigation. The 
conclusions of this paper have certain reference value for environmental impact assessment of large and medium-sized 
reservoir construction, promoting development and utilization of water resource, and environmental protection. 
 
Index Terms—Water Resource, Development and Utilization, Large and Medium Sized Reservoirs, Environmental Impact, 
Hilly Areas. 
 
I. INTRODUCTION 
 
Water resource is a material basis for human survival 
and development, and exploitation and utilization of 
other natural resources cannot be carried out without 
water resources. In a sense, the history of human 
existence and development is also the history of 
development and utilization of water resource. There 
exists dual nature in development and utilization of 
water resource. One is that water resource is used to 
meet human needs and interests. The other is that 
development and utilization of water resource can 
cause some environmental problems due to change of 
moisture conditions. At present, unreasonable 
development and utilization of water resource have led 
to a series of problems such as water shortage, 
groundwater level decline, seawater intrusion and 
ecological environment degradation. How to develop 
and utilize water resource has become an international 
problem. Constructing reservoirs/dams is a common 
way of development and utilization of water resource. 
However reservoirs have significant impacts on 
micro-climate in reservoir areas, ecological 
environment and geological environment while they 
provide flood control, irrigation, power generation 
and other services.  
 
II. DEVELOPMENT AND UTILIZATION OF 
WATER RESOURCE 
 
A. Concept of Water Resource 

The concept of water resource is divided into two:  
 
broad sense and narrow sense [1]. Broad water 

resource refers to all water bodies in the world  
including oceans, rivers, lakes, swamps, glaciers, soil 
water, groundwater, atmospheric moisture, and son 
on. They can be utilized directly or indirectly by 
humans. They belong to category of natural resources. 
Narrow sense of water resource is different from 
natural water bodies. It refers only to the dynamic 
water bodies that can be directly or indirectly 
developed by human in a certain period of time. They 
mainly include rivers, lakes, ground water and soil 
water.  
 
B. Ways of Development and Utilization of Water 
Resources 
The ways of development and utilization of water 
resource vary with topography, geology and water 
sources conditions. In hilly ground, because water and 
artesian water conditions are better, the usual ways 
include construction of reservoirs and channels, 
runoff diversion, and pumping station. In plain areas, 
because there are better conditions for groundwater 
storage, the main ways include drilling wells, building 
plain reservoirs and water gates to retain a part of 
floodwater. In river networks and embankment areas, 
because there is relatively abundant water sources, the 
usual way is to build drainage and irrigation stations 
for draining in the rainy season and irrigating in the 
dry season. For large and medium sized rivers, the 
usual way is to put up dykes and build reservoirs in 
canyon section to prevent and control flood.  
C. Characteristics of Impacts of Development and 
Utilization of Water Resources on Environment 

Environmental problems arising from development 
and utilization of water resource are complex. The 
main features are as follows [2]: 

http://iraj.in
mailto:liaosb@igsnrr.ac.cn


International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-3, Issue-5, May-2017 
http://iraj.in 

Influence of Reservoir Construction on Environment in Hilly Areas: A Case Study of Hunan and Jiangxi Provinces in China 
 

36 

(1) Diversity of problems: This is determined by the 
nature of the environment problems themselves. 
When an environmental impact assessment on 
development and utilization engineering of water 
resource is developed, its content index is often from 
two orders of magnitude to three orders of magnitude. 

(2) Multidimensional level: Development and 
utilization of water resource is a systematic project. If 
this system is decomposed at ecological and 
environmental impact point of view, it will consist of 
different levels in vertical aspects and mutually 
connected parts in horizontal aspect. So it is a complex 
overlapping system. For example, pollution of water 
can be divided into multidimensional evolution 
vertically and levels of aquatic ecology horizontally. 

(3) Variability of temporal and spatial scales: For 
influences of water resources development and 
utilization on environment, some are slow and some 
are immediate as in time scale. Meanwhile, in spatial 
scale, the environment changes at a place also have 
some impacts on the environment at adjacent site. 
A large number of studies have proved that 
construction of large and medium-sized reservoirs 
have a certain degree of influence on climate and 
geological environment in reservoir areas and a 
certain range surrounding reservoirs [3]. In this paper, 
large and medium-sized reservoirs in Hunan and 
Jiangxi provinces will be taken as a case to study the 
impacts of construction of reservoirs on environment. 
The research results will provide reasonable basis for 
rational development and utilization of water 
resource. 
 
III. LARGE AND MEDIUM SIZED 
RESERVOIRS IN THE STUDY AREA 
 

D. Definition of Reservoir 
Reservoirs refer to artificial lakes that are composed 

of water retaining structures built in river valleys. 
They are hydraulic engineering buildings used for 
flood retaining and storage and regulating water flow. 
Reservoirs have functions of flood control, irrigation 
and power generation, aquaculture and tourism. 
Reservoirs can be divided into large, medium and 
small ones by capacity. According to relevant national 
standards of China, the reservoirs total capacity of 
which is less than 107m3 belong to small sized 
reservoirs. The reservoirs with a total capacity of more 
than 108m3 are divided into large reservoirs. Those 
between large and small sized reservoirs are defined as 
medium-sized reservoirs. 

E.  Current Situations of Large and Medium Sized 
Reservoirs in the Study Area 

By visiting the Immigration Network of Hunan 
province (http://hnymj.hunan.gov.cn/), Basic 
Characteristics Database of China's large and 
medium-sized reservoirs, Water Resources 

Department of Jiangxi Province 
(http://www.jxsl.gov.cn/) and collecting names of 
national large and medium sized reservoirs, it was 
found that by the end of October 2013, there were 45 
large-sized reservoirs and 381 medium-sized 
reservoirs in Hunan province. The total capacity of the 
large-sized reservoirs in this province reached to 
32.17 billion m3, and the catchment area reached to 
519,172 km2. By the end of March 2014, there were 28 
large-sized reservoirs and 249 medium-sized 
reservoirs in Jiangxi province. The total capacity of 
the large-sized reservoirs in this province reached to 
17.02 billion m3, and the catchment area reached to 
68,924 km2. Fig. 1 shows the location of Hunan and 
Jiangxi provinces in China. Fig. 2 is distribution map 
of large and medium sized reservoirs in Hunan and 
Jiangxi provinces.  

 

 
Fig. 1. The location of Hunan and Jiangxi provinces in China 

 

 
Fig. 2.  The distribution map of large and medium sized 

reservoirs in study area 
IV. INFLUENCE OF LARGE AND MEDIUM 
SIZED RESERVOIRS ON ENVIRONMENT 
 
Large and medium-sized reservoirs generally have 
obvious functions of water storage, flood control, 
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runoff regulation and improvement of utilization of 
water resources. They can yield huge economic 
benefits in irrigation, water supply, power generation 
and aquaculture. However, construction of large and 
medium-sized reservoirs can cause changes of 
original river hydrological and water conservancy 
conditions, changes of water level and water yield of 
reservoirs, and further lead to changes of environment 
in a reservoir area and its surrounding areas, result in 
adverse effects on ecological environment and induce 
a series of environmental problems, such as changes of 
topography, instability of reservoir bank, reservoir 
induced earthquake, and so on. 

Existing researches on large and medium-sized 
reservoirs in Hunan and Jiangxi provinces show that 
the influence of large and medium-sized reservoirs on 
environment can be divided into two aspects: one is 
the impact of reservoirs on ecological environment, 
such as reservoir induced earthquake, reservoir 
siltation, local climate change. The other is the social 
and economic benefits of reservoirs in flood control, 
water supply of cities, water conservancy tourism and 
shipping. 

F. Impacts of Reservoirs on Ecological 
Environment 
(1) Reservoirs Induced Earthquakes 

A large number of historical data records showed that 
most of reservoirs began to induce earthquake soon 
after they stored water except minority reservoirs that 
induced earthquake relatively late. The reservoirs 
induced earthquake often occurs in quite a long time 
after reservoirs store water. The time ranges from 6 to 
7 years. Such reservoirs belong to delayed response 
reservoirs. Earthquakes occurring in hysteretic 
response reservoirs have the characteristics of high 
magnitude, large range and deep focal depth [4]. 
It was found through investigations that more than 10 
large and medium-sized reservoirs in Hunan and 
Jiangxi provinces had induced earthquakes, which 
included Zhelin reservoir, Huangshi reservoir, 
Dongjiang reservoir and Jiangya reservoir. The detail 
circumstances can be seen from Table I [4]-[7]. 
 
Table I. Statistics of reservoir induced seismicity  

 
(2) Reformation of Reservoir Bank 

Hydrological conditions of reservoir area begin to 
change dramatically after reservoirs store water. 
Slump, instability and deposit of reservoir banks occur 
in interactive process between reservoir bank and 
water, which result in changes of shape of reservoir 

bank slope. This phenomenon is called reformation of 
reservoir bank. Geological environment of reservoir 
area changes after reservoirs store water. The 
reservoir bank slope, which was originally in a state of 
equilibrium, is continuously reshaped to adapt to new 
environment. Reformation of reservoir bank is divided 
into two categories: erosion and collapse of bank slope 
and landslide of bank slope. 
Related researches showed that reconstruction of side 
bank ever took place in many large and medium sized 
reservoirs in Hunan and Jiangxi provinces. The detail 
circumstances can be seen from Table II [8]-[14]. 

 
Table II. Statistics of reservoir side bank 

reformation  

 
(3) Reservoir Sedimentation 

After reservoirs are built on the rivers with a large 
amount of silts in water, sudden decreasing of flow 
speed of water in reservoirs leads to decline of water 
carrying capacity. So a large amount of silts are 
accumulated in rear of reservoirs or tributary inflow, 
which leads to silt sedimentation of reservoirs. 
Reservoir sedimentation can cause a series of hazards. 
It affects normal use of reservoirs, shortens service life 
of reservoirs and also affects flood control, irrigation, 
drainage, shipping, engineering safety and ecological 
balance. 
For example, Zhexi reservoir was impounded in 1961. 
Reservoir sediment amount had reached 350 million 
tons (about 237.4 million m3) in 1995. If an annual 
sediment deposition of 5 million tons was assumed 
[15], the total deposition of the reservoir would reach 
445 million tons (about 301.84 million m3) from 1995 
to 2014. 

(4) Local Climate 
After reservoirs are impounded, the area of water 
surface increases and underlying surface is changed 
from land with small heat capacity to water with large 
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heat capacity. Evaporation also increases with 
expansion of waters. Meanwhile, hydrothermal 
condition, water vapor and heat transferring, and 
aerodynamic characteristics in reservoir and its 
surrounding area also are changed, which leads to 
changes of local climate in reservoirs and surrounding 
areas [16]. Effect of reservoirs on local climate is 
mainly manifested in the following aspects: (a) 
radiation balance and increasing evaporation, (b) 
continental climate weakened, (c) wind speed 
increasing and land and sea breeze occurring, (d) 
temperature changing more gently, (e) the diurnal 
temperature decreased, (f) air humidity increasing, 
and (g) amount and frequency of precipitation 
increasing in surrounding areas of large sized 
reservoirs [3]. 
By analyzing research literatures of large and 
medium-sized reservoirs in Hunan and Jiangxi, it was 
found that most of reservoirs have impacts on climate 
in the reservoir and its surrounding areas. For 
example, a conclusion was drawn based on years of 
observation from 11 climate stations that the influence 
of Dongjiang reservoir on local microclimate was 
mainly manifested in three aspects: (a) Water body of 
the reservoir could regulate temperature in the 
reservoir and its surrounding areas. The average 
temperature in January increased and the average 
temperature in July decreased. Difference of annual 
temperature between the reservoir and its surrounding 
areas decreased. (b) The annual average wind speed 
increased significantly after the reservoir was built. (c) 
Precipitation in the reservoir area decreased but 
increased in its surrounding area. Therefore, the 
difference of annual precipitation between the 
reservoir area and its surrounding areas increased 
[17]. 

(5) Water Quality in Reservoirs 
During construction of reservoirs, engineering 
residues and garbage inevitably impact on water 
quality. After impoundment, harmful substances and 
nutrients in soil are dissolved in water, which results 
in a further decline of water quality. Meanwhile, 
purification capacity of water weakens. Nutrients, 
suspended solids and sediments in reservoirs change 
[18]. For example, Dayuandu Navigation & 
Hydropower Project was affected by urban sewage 
discharge of Hengyang in the upstream of the 
reservoirs. Almost all of water quality indexes 
exceeded national standards. Water quality only met 
third class of water quality standard by the Surface 
Water Environmental Quality Standard [19]. Another 
example is Dongjiang reservoir. Water quality of the 
reservoir got better on the whole than before. However, 
local water pollution zones were formed because flow 
speed of water got slow and it was not easy for 
pollutants in the reservoir to spread. So water quality 
in these zones decreased [8]. 

 (6) Aquatic Organisms 
Aquatic organisms are divided into five categories: 
plankton, benthos, aquatic plants, fish and aquatic 
animals. Growth and reproduction of aquatic 
organisms occur in water environment, so 
construction of reservoirs affects aquatic life without 
doubt. Reservoirs directly or indirectly affect 
population and quantity of aquatic organisms [20]. 
 
Generally, reservoirs have beneficial effects on 
aquatic organisms. For example, after Dongjiang 
reservoir was built, population and quantity of algae, 
vascular plants, aquatic microorganisms and 
zooplankton have increased. There are 60 species of 
fish in the reservoir, 6 more than before construction 
of the reservoir. Algae, cladocera and protozoa in 
downstream of dam got more than before construction 
of the reservoir [8]. Another example is Shuangpai 
reservoir. Construction of the reservoir resulted in 
more suitable growth and propagation environment 
for plankton. The number of phytoplankton in the 
reservoir was about 854.9 thousand per liter. Average 
biomass of zooplankton is 1.126 mg/L. Both 
phytoplankton and zooplankton increased obviously 
than before construction of the reservoir [21]. 
 
However, some reservoirs also have negative effects 
on aquatic organisms at some time after impoundment. 
For example, impoundment of Zaoshi reservoir had 
adverse impacts on growth and reproduction of 
plankton. The main performance included: (a) rapid 
change of water level formed unstable environment. 
Some benthic organisms were easily stranded or 
suffered from jet impingement, which resulted in 
reduction of biomass. (b) Stable layered structure of 
water temperature in the reservoir had significant 
effects on fish spawning in downstream [22]. 

(7) Population Health 
One hand, reservoirs can improve people's working 
and living conditions, enhance people's health level, 
and reduce morbidity. On the other hand, reservoirs 
can produce a series of adverse consequences, such as 
deterioration of epidemic and parasitic disease [3]. 

For example, a survey from Lingjintan reservoir 
between 1992 and 1993 showed that positive rate of 
HBsAg reached 6.79% and morbidity of fishing 
disease was about 15.5%. There were many kinds of 
mosquitoes. Total bacteria count exceeded 16 times of 
water quality standard [23]. Disease incidence of 
people living in surrounding areas of Dongjiang 
reservoir changed after the reservoir was built [24]. 

G.  Economic Benefits of Reservoirs  
(1) Flood Control, Irrigation, Power Generation, 

Water Supply, Shipping and Aquaculture 
It was found from survey that many reservoirs had 
been developed into multiple functions including 
flood control, irrigation, power generation, water 
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supply, shipping and aquaculture. Flood control 
capability of some reservoirs is listed in Table III 
[25]-[26], aquaculture capability in Table IV [27]-[29], 
and capability of irrigation, water supply and power 
generation conditions in table V [30]. 
Table III. Flood control capability of two reservoirs 

 
Table IV.  Aquaculture capability of some 

reservoirs  

 
Table V. Capability of irrigation, power 

generation and water supply of some 
reservoirs  

 
(2) Reservoir Tourism 

As complex of artificial buildings and natural 
landscapes, reservoirs are mainly composed of water, 
aquatic organisms, reservoir banks and reservoir 
related buildings. Therefore tourism value of 
reservoirs can also be divided into four parts [31]: 

(a) Water bodies can greatly enrich recreation 
projects, such as jet-skis, water skiing and water air 
paragliding. They belong to tourism value of water 
bodies. 

(b) Aquatic organisms have high ornamental value 
for tourists. 

(c) Tourism value of reservoir banks is mainly 
manifested in enriching landscape types, providing 
tourism activity place and expanding tourism activity 
space. 

(d) Reservoir affiliated artificial buildings mainly 

include artificial dams, power generation facilities 
and special buildings. They are different from general 
buildings. They have unique charm and symbolic 
significance, so they are important tourism resources. 

However, tourism value of most reservoirs has not 
been developed fully except a few, for example, Zhexi 
reservoir, Jiangkou reservoir, Dongjiang reservoir and 
Mayuan reservoir, the tourism value of which is 
developed better. 
 
CONCLUSIONS 
 
The construction of reservoir is an important way to 
develop and utilize water resource, which can bring 
economic benefits to human beings and also has 
negative impacts on environment. The studies show 
that the impacts of large and medium-sized reservoirs 
on ecological environment include induced 
earthquake, reconstruction of reservoir banks, 
reservoir sedimentation, local climate change, water 
quality, aquatic life and human health. Meanwhile, 
large and medium-sized reservoirs can produce 
certain social and economic benefits in flood control, 
irrigation, water supply, shipping and aquaculture. In 
other words, construction of reservoir has both 
advantages and disadvantages. Therefore, we should 
scientifically assess pros and cons of reservoir 
construction both before construction of reservoir and 
after impoundment. We have to try our best to draw on 
advantages and avoid disadvantages to maximize 
social and economic benefits of reservoirs and 
minimize impacts of reservoirs on environment. 
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