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Abstract

China implemented the South to North Water Division Project (SNWDP) in 2002, and the three-route (i.e., East,
Middle, and West) Project is capable of transferring a total of 41.3 billion m® of water annually from the water rich Yangtze
River to the drought Northern China. The upper Han River basin is the water source area of the SNWDP’s Middle Route,
thus its aquatic ecosystem and water quality is of great concern. Field surveys and estimated soil erosion concerned
with morphological properties from digital terrain model and land use/land cover were conducted and water quality
variables were examined in April and October 2006 respectively in order to determine the major eco-environmental
consequences such as land use and soil erosion, water pollution and building of hydropower dams in the basin. Hydro-
climatologic data from Ankang and Danjiangkou demonstrated temperature rise of 0.29 °C/10 a, and significantly
decreases of precipitation and runoff (78x108 m3/10 a) in the recent 30 years. The upper Han River catchment with an
erosion intensity of 1980-4400 t/km?/yr, transported 3x 108 t/yr of soils to the river, and 40% of the riparian zone in some
sub catchment was cultivated though the entire basin had a vegetated coverage of 77%. Moreover, chemical oxygen
demand (COD) and nitrogen were the major pollutants in the upper Han River with considerably increases in the past
40 years, which would be further exaggerated by dam construction and global warming. Ultimately, corresponding
strategies including proper land use, water pollution control, ecologically sustainable management for hydropower
station and establishment of eco-environmental monitoring network were introduced for maintaining a scientifically
sound aquatic ecosystem and satisfactory water quality in the upper Han River for the interbasin water transfer project.

Keywords: Climate change; Soil erosion; Water quality; Eco-
Environmental consequences; River basin management

Introduction

Escalating human populations and economic development
have significantly contributed to environmental issues such as
global warming, ozone depletion, loss of biodiversity, acid rain,
vegetation destruction, soil erosion, land desertification, water quality
deterioration and atmospheric pollution [1-4] Humans and natural
ecosystems are competing with each other for water needs and as
such multifunctional, intensive and improper freshwater usages have
imbalanced a variety of water uses for drinking, industry, agriculture
and recreation [5]. This further results in consequences of toxicity,
eutrophication, acidification, floods and droughts [3,6] which greatly
threatens human survival and sustainable economic development.
Global and regional environmental projects on sustainable water uses
and river managements have been carried out [7-10].

Catchment ecosystem management is primarily concerned with
land management and in particular anthropogenic effects on water
resources [11,12]. Inappropriate exploitation and strong economic
pressures have resulted in elevating soil erosion in the southern
provinces of China and stressing flood disasters in the Yangtze River
[3,13,14]. The intended use of the upper Han River as a water source
area of the Middle Route of the South to North Water Division Project
(MRSNWDP), to supply water for North China, including Beijing
and Tianjin City, has been delayed to 2014 (planned in 2010) due to
potential ecological consequences. Water quality in the upper reaches
of the Han River is of great concern due to decreasing vegetation
coverage, soil erosion, natural disasters (i.e., landslide and flood) and
waste discharges [15,16]. Past studies reported water quality [17-20],
water geochemistry [21-23], water quality and land use interactions
[24,25] in the upper Han River basin, and indicated the River was
primarily polluted by nitrogen, organic matter and several heavy metals
[19,20,26], and has undergone intensive anthropogenic activities
particularly in the riparian corridor [25]. Local climate change, i.e.,

temperature rise of 0.07°C/10a as high as 0.24°C /10a, further altered
the hydrological processes and patterns of precipitation in the river
basin [27,28] and therefore water quality. Therefore, a framework of
basin ecosystem management for the aquatic ecosystem and favorable
water quality is urgent.

An extensive investigation and sampling of the upper Han River has
been attempted to provide a better understanding of the anthropogenic
influences on mesoscale catchments of China, and characterize water
quality and major environmental concerns such as climate change,
land use and soil erosion, water pollution and dam construction in the
basin. Ultimately, a scientifically sound river ecosystem management,
including ecological plans for land use, water pollution control,
ecological management of hydropower stations and dams, and an
eco-environmental monitoring network in combination with Chinese
Ecosystem Research Network were introduced. The present study
would help maintain an ecologically sound hydro-ecosystem and
satisfactory water quality in the Han River and other catchments facing
similar consequences.
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Materials and Methods
The study area

The Han River is the largest tributary in the middle stream of the
Yangtze River, and originates in the Qinling-Daba Mountains and
flows about 1577 km eastwards to the Yangtze River in Wuhan city,
Hubei Province. The drainage basin covers a total area of approximately
159%10° km?. The upper basin (31°20’-34°10’ N, 106°-112° E; 210-3500
m a.s.l; Figure 1) extends from the headwater to Danjiangkou Reservoir,
extending 925 km in length with a drainage area of approximately
95.2x10°km?, and flows through Shaanxi, Gansu, Sichuan, Henan and
Hubei province, which provides water for the Middle Route of South to
North Water Division Project (MRSNWDP). The mountainous region
accounts for 92.4% of the total drainage basin area, 5.5% for mounds
and 2.1% for plains, respectively. The average runoff in the Han River
is 59.1x10°m’/yr, and the average runoft of its upper reaches is about
41.1x10°m?/yr [24].

In 2002, [29] China implemented the three-route (i.e. East, Middle
and West) South to North Water Division Project after a 50-year
feasibility study. After the completion of the project in 2050, the three
routes will be capable of transferring a total of 41.3 billion m® of water
annually from the water rich Yangtze River to the drought prone North
China Plain and Northwest China, with 14.8 billion m’ 9.5 billion
m® and 17 billion m? being diverted by the East, Middle and West
Routes respectively [22]. The amount of diverted water is similar to
the total annual discharge of the Yellow River. MRSNWDP started on
December 30, 2003 with a capacity of transferring a total of 9.5 billion

m?® of water annually from Danjiangkou Reservoir on the Han River
to the municipalities (Beijing and Tianjin city) [30] through canals
that will be built along Funiu and Taihang Mountains. In the future,
additional water will be obtained from the Three Gorges Reservoir or
downstream of the dam on main channel of the Yangtze River.

Data sources

Catchments were drawn from ArcGIS 3.2 in combined with Chinese
map and field survey (including land use, geology and landscape), and
most of the tributaries extend more than 100 km with a drainage area
of more than 1000 km? Two field campaigns representing the dry
season (April 2006) and rainy season (October 2006) respectively were
conducted from 42 tributaries with varying landscape settings along
the upper Han River (Figure 1).

Dissolved oxygen (DO), pH, ammonia-N (NH,*-N), nitrite-N
(NO3'—N) and turbidity were measured in situ, 10 cm below the surface
and 10 cm above the bottom using a combination sonde (YSI 6920; YSI
incorporated, Yellow Springs, Ohio, USA) calibrated prior to and after
sampling to ensure accuracy. Due to the shallow, well-mixed nature of
the rivers, surface and bottom data were very similar.

We therefore used surface data in this paper.

Duplicate, unfiltered water samples were collected from 10 cm below
the surface using sample-rinsed 2500 ml high density polyethylene
bottles with teflon-lined caps and kept at ambient temperature in the
dark during transport. One portion was added H,SO, (1:3) till the pH 2
for chemical oxygen demand (COD) measures.
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Figure 1: Sampling locations with drainages for water quality measurements along the river networks in the upper Han River basin, China.
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Morphological characteristics (watershed slope and area) were
derived from a digital terrain model (DTM), and land use/land 900
cover within the entire catchment and the 100 m buffer zone from 800 y = -0.7142x +402.24
landsat TM and + ETM with a hybrid of supervised and unsupervised £ 700 a RP=00128
classification algorithms. Past studies have determined land use/ :*j 600 1
land cover compositions in the basin [24,25]. Here, other landscape = 500 | ]\”’\ AMA ﬂ M
properties including slope area and land use/land cover distributions g 4o f i A 2 LSRN B AR
with various slope and estimated soil erosion using integration of land = 300 j\/ V V U\l v V V\/ V W Lj \/ VVWUT
use and slope were complemented. ?23 R . o
Annual water flows to the Danjiangkou Reservoir representing E 32T ez gigses
the runoff in the upper Han River were collected from 1930-2008. Air S e e e e e e ne @
temperature and precipitation in the meteorological station of Ankang 900
were also collected for determine climate change in the upper Han 00 | Y= 7.7537x + 479.41
River. Then regression analysis and Kendal Tau tests were used to 200 L R2= 02145

analyze their trends, all the processes were conducted in SPSS 15.0 with
a significance level at p<0.05.

Main Human Impacts on Aquatic Ecosystem in the
Upper Han River

Climate change

We are witnessing global and local warming by anthropogenic
green house gas emissions, resulting in alterations of precipitation,
such as intensification of heavy rainfall but fewer days of rain. This
undoubtedly changes the hydrological processes in the River. Our data
in the Ankang station indicated the increase of 0.29°C per 10 years for
temperature (Figure 2a), comparable to the past observations using
one station in a county locating in the headwater of the Han River
(0.23°C/10a)[31].

Precipitation in the Ankang station showed insignificant
variation over 1957-2010 (Figure 2b), however, significant decrease in
precipitation was found for 1957-1992 (R*=0.4, P<0.05) and also did
for the recent 18 years (1993-2010) (R?=0.39, p<0.05) (split the Figure 2
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Figure 3: Runoff entering the Danjiangkou Reservoir over 1930-2008
(a-Shiquan Reservoir, b-Ankang Reservoir, c-Xihe Reservoir) (significant
decrease over 1980-2008 by Kendall’s tau_test) [32].
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Figure 2: Temperature (1980-2010) and precipitation (1957-2010) trends
in the Ankang station (data from NOAA). P<0.05 by Kendall's tau_test for
temperature, and precipitation during the two periods of 1957-1992 and 1992-
2010, respectively.

to two parts). Though water discharge is unavailable in our study, [28]
analyzed the precipitation and water discharge using data (1961-2005)
from several stations in the upstream of Ankang, demonstrating that
both precipitation and runoff decreased obviously, and runoft could
be modeled by precipitation and temperature, i.e., logQ = 1.835log
Precipitation - 0.048Temperature - 2.042 (R*= 0.98, p<0.01). There is
understandably reduced runoft entering the Danjiangkou Reservoir in
the recent 30 years (R?= 0.21, p<0.05; 1980-2008), though water flows
into the Danjiangkou Reservoir slightly decreased at 7x10° m?/10a
during the period of 1930-2008 (Figure 3). Our averaged runoff of the
Reservoir is around 379x10® m*/year.

In addition, precipitation in the wet season (May-Oct.) was more
intensified in 2000-2008 compared to that during 1956-1989 [32].

Land use and soil erosion

Unreasonable land utilization and soil erosion profoundly impact
river ecosystems. The steep mountainous region in the basin easily
causes soil loss, and the soil erosion area accounts for approximately
50% of the total land area in the basin (Figure 4). The headwater of the
basin and high mountainous regions (the South of Qinling Mts. and
the North of Daba Mts.) has an averaged soil erosion intensity of more
than 2700 t/km?/yr (Figure 4). Totally, the upper basin has an average of
erosion intensity of 1980-4400 t/km?*/yr, corresponding to 3x10° t/yr of
soils to the river ecosystem. The soil erosion could be more intensified
by the integration of local urbanization and more concentrated rainfall
due to climate warming (Figure 2). The estimated soil erosion has an
intensity up to 5000 t/km*/yr in the several streams (Dadao, Ren, Xun
and Lan Rivers) with large spatial variability, and a rapid increase of
soil erosion in the past 10 years [16]. This resulted in that upper Han
River, with a silt transportation capacity accounting for some 12% of
that of the Yangtze River (0.3 vs 2.5x10° t/yr for the upper Han River
and Changjiang, respectively), accounts for about 5% of the total area
of the Yangtze River.
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Figure 4: Estimated soil erosion in the upper Han River basin, China.

The vegetated coverage including coniferous, deciduous forest,
mixed coniferous and broad-leaved forest, shrub and herb accounts
for approximately 77% of the total land area in the basin [33]. The
vegetated land covers 95.7% of the respective land area in the Ziwu
River and 71.2% in the Danjiangkou Reservoir [24]. Agriculture and
urban respectively accounts for 14% and 0.5% of the catchment area
[24,33]. Thus, the upper Han River is dominated by vegetated coverage
with low anthropogenic disturbances. However, there is intense
human activities within the 100 m riparian strip in the drainage basin,
reflected by that urban and agriculture comprise 2.5% and 35.7% of
the total area, and urban accounts for 5% in the Hanzhong Plain,
while agriculture accounts for more than 40% in the South of the
Qinling Mountain, Hanzhong Plain and Ankang Plain, respectively
[25]. Another concern is agriculture in the region with a steep slope.
Our results demonstrate 1500.8 km?* of cultivated land in the area
with slope greater than 25° (Table 1), which urgently needed to be
reforested. Overall, anthropogenic activities are concentrating along
the river networks, and we can hypothesize the increasing soil erosion
in the basin due to the urbanization, particularly land cultivation in
catchments with steep slopes, and the increased frequency of storms
by climatic change.

Nevertheless, past land use over 1980-2000 demonstrated little
alterations of land coverage (Table 2), we must note the decline
of natural forest and then massively reforestation due to China’s
“Grain-to Green” project since 1990s, which undoubtedly changes the
hydrological processes and enhances soil erosion.

Water pollution due to industrial and domestic discharges

Field surveys indicated that industrial wastewater from chemical
plants and domestic wastes (household refuse, piggeries, etc)
discharged directly into rivers such as Xian River, Bai River, Xushui
River, Baishi River and the rivers near Shiquan County. Our monitoring
data demonstrated that pH and DO tended to have higher values in
April (low flow period, 7.2-9.1 for pH and 9-17 for DO) compared
to October (water-rich period, 6.7-8.7 for pH and 3.8-13.5 for DO).
COD and nitrogen showed higher concentrations in October 2006, and
turbidity had remarkable variability with much higher values in several
rivers (Figure 5). Compared to the World Health Organization (2006)
[34] and Chinese State Standards [35] (CSS) (2006) for drinking water,
concentrations of turbidity, COD and nitrogen exceed the permissible
levels.

Water quality of upper reaches of the Han River has been
deteriorating due to industrial and domestic wastes since 1970s
(Figure 6). Nitrogen concentration increased swiftly during the period
of 1990s-2006, i.e., NH,-N in 2006 was 5-fold the concentration
in 1997 (Table 3). This excess of nutrients caused phytoplankton
blooming in the rainy season e.g., August 2011 in the Danjiangkou
Reservoir (http://219.140.196.67:8080/hjsw/Article/ShowArticle.
asp?ArticleID=1972; Accessed in Oct. 2011). In terms of the Han River’s
main stream, total hardness, nitrogen, Cl, SO, and COD increased
significantly over 1970s-2010s in its section of Ankang (R*>0.8, p<0.01;
Figure 6). Also, water quality changed from level in 1994 to level or in
2000 according to the Surface Water Environment Quality Standard in
China. Moreover, rivers (i.e., Shending, Majia, Maota River) through
Shiyan city, are seriously polluted with water of level V, and directly
flow into the Danjiangkou Reservoir (Table 4). Thus, the water will
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Figure 5: Water quality variables in the upper Han River basin, China.
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Figure 6: Long-term trends of water quality in the main stream of Han River in the
Ankang, Shaanxi province [48].
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0°-8° 8°-15° 15°-25° >25°
Vegetation Agriculture Area Vegetation Agriculture Area Vegetation Agriculture  Area Vegetation  Agriculture  Area
(%) (%) (km?) (%0) (%) (km?) (%) (%) (km?) (%) (%) (km?)
52.28 31.75 16664.9 77.92 14.35 19510.11  85.25 9.88 35759.09 89.87 6.63 22636.91
Table 1. Basin physical characteristics including slope, area and land use relating to slope in the upper Han River basin, China.

1980 1995 2000
Cropland 16.88 16.65 17.14
Forest 49.16 49.58 49.23
Grass 33.11 32.95 32.88
Waters 0.75 0.71 0.63
Urbans 0.1 0.1 0.12
Unoccupied 0 0.01 0.01

Data from Zhao et al (2009)
Table 2: Land use composition (%) over 1980-2000.
19908 1997 Oct-2006 Apr -2006
NH,-N 0.1 0.09 0.6+1.3 0.3+0.36
NO,-N 1.04 2+2.7 1.1x0.9
Sources Chen et al., 2000 Liu et al., 2003 Our study
Table 3: Nitrogen variations during the period of 1990s to 2006.

River Site Environment function Water quality”  Source of pollutants
Han River Yangwei Industry, agriculture and fishery B
Han River Yangxi Drinking and fishery o Yun County, Liupo Town
Han River San’guandian Town Industry, agriculture and landscape B Danjiangkou City, San’guandian Town
Tian River Tigerhole Industry and agriculture B Yunxi County, Guanyin and Jianchi Town
Du River Shagou (Peiwan-Yeda) Industry, agriculture and fishery B Zhushan County
Du River Huanglong Beach Reservoir Drinking o
Du River Huanglong-Fang Beach Industry, agriculture and fishery B
Shengding River Bamudi Agriculture and landscape 3 Shiyan City
Sishui River Xujiapen, Bailangtang Agriculture and landscape % Shiyan City
Guanshan River Baimiao Agriculture and landscape % Liuliping Town
Jian River Shijiazhuan Bridge Agriculture and landscape % Wudang Town
Lang River Daiwan Bridge Agriculture and landscape b Lang River Town
Malang River Liulixia Industry and agriculture B Fang County,Qingfeng Town
Zhuxi River Yanba Industry, agriculture and entertainment %® Zhixi County, Zhongfeng Town

* China State EPA, 2002

Table 4. Water environment function and control sections in of the upper Han River, China (Liu et al., 2000).

not be suitable for MRSNWDP without effective approaches for water
contamination control.

Fortunately, the Chinese government has planned to reduce
wastewater discharges in the Han River basin due to the implementation
of the interbasin water transfer project. For instance, industrial influents
have largely been curved and thus COD and NH-N discharges from
industry decreased significantly in the Hubei province (R*=0.7, p<0.01;
Figure 7). However, chemical pollutants from domestics in the both
Hubei and Shaanxi provinces slightly increased or kept constant
with large contributions by domestics for COD and NH,-N (Figure
7). Thus, non-point sources (NPS) including agricultural nitrogen
are the main pollutants in the upper Han River, as reflected by the
higher loads of nitrogen in the rainy season (Oct. 2006; Figure 5) and
bacterial in the Han River of Ankang (Aug.-Sep.; Figure 6). Generally,
we are concerning that water problems will not be alleviated because
of land degradation, household refuses (Figure 7), intensified soil
erosion (Figure 4), poverty and emigration, and dam-induced land
submergence (Table 5).

The building of hydropower dams

We are confident that dams will continue to be one of the most
effective ways to deal with issues of water and energy scarcity and flood
disasters, though the World Commission Dams generally claims their
negative performances [36]. The local government is devoted to the
development and utilization of water energy in the Han River. There are
seven cascade reservoirs with one dam per 50 km in the main channel
within the boundaries of Shaanxi province with a hydropower capacity
of 68x10® Kw.h/yr (gross capacity of 2080x10° kilowatts) (Table 5).
Also, cascade reservoirs in the tributaries within the boundaries of
Hubei province have an installed gross capacity of 2.044x10° kilowatts
(Table 5; [37,38]). However, the influences of hydraulic engineering
on aquatic ecosystem and the structural-functional interactions of the
ecosystem are unavailable.

Nonetheless, it is undoubted that the dam’s impacts that destroy
the integrity, self-maintenance, self-regulation and self-organization of
aquatic ecosystems due to hydropower stations result in various eco-
environmental consequences such as the alteration of hydrological
regime, submergence of land and emigration of the local residents.
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(a)

Reservoir Built year water level Drainage area Storage Active storage hydropower Installed capacity Distance from Danjiangkou, km
m km? 108m? 108m?3 108 kwh/yr 10°kw

Huangjin Gorge 450 17950 1.9 4.6 100

Shiquan 1975 410 23400 4.7 2.22 6.34 225

Xi River 2006 362 23 4.9 180

Ankang 1990 330 32 28.6 800 265

Xunyang 2010 240 42400 3.9 8 320 200

Shu River 2010 217 1.8 9.5 270 145

Bai River 194 1.3 0.2 5.5 180 107

Danjiangkou 1968 157 95200 209 201 38.3 247

(b) (Wang, 2002)

Main tributary Hydropower station

Shaanxi

Bao River Lujiaba, Jiepaiguan, Madao, Qinggiaopu, Shimen

Xun River Baojiaya, Caiping, Shagoukou, Jijiaping, Zhongjiaping

Ren River Gaowang, Zhaojiaping, Ba Moutain, Dazhu River, Baiyangxi, Maobaguan, Xiangshuigou

Lang River Dishuiyan, Huangjiaya, Linhekou, Heiwan, Xinchun, Huaba, Niping, Jiyuanzi, Jintang, Xiaojiapo, Jintan, Fangjiaya
Hubei

Du River Eping, Zhoujiawang, Longbeiwan, Songshuling, Pankou, Xiaoxuan, Huanglong Beach

Table 5. Hydropower reservoirs in the main stream (a) and main tributaries (b) in Shaanxi and Hubei Provinces of the upper Han River in China (including the stations

planned).

Arguably, the most predictable effects of the natural hydrological
regime’s alteration will be to disturb the river’s original habitat
characteristics, i.e., the composition, structure and functioning
of aquatic ecosystem and riparian ecosystem [7,9]. For example,
hydropower station decreased the fish species from 39 in 1987 [39]
to 21 in 1999 [40] in Xiangxi River (a tributary of the Yangtze River).
Another important concern is the newly riparian ecotone may be
cultivated by relocating people up-hills, causing another source
(agricultural non-point source pollution) of pollutants to the river.

Based on the field survey, the aquatic ecosystem of the upper Han
River has been increasingly affected by varying dam operations (Table
5), and some ecological functions have decreased or vanished due to
little water downstream of dams in many tributaries particularly in
summer (June 2005).

Ecosystem management of the upper Han River

The greatest challenge of river management is to balance water
resource consumption and maintain the integrity of the river ecosystem.
River ecological water requirements and human influences on water
resource need to be balanced for water resource sustainability [9]. As
the water source are for North China, water quantity and water quality
are of equal importance for maintaining a sound hydro-ecosystem in
the Han River. Our ultimate goal is to develop strategies for managing
an ecologically sound aquatic ecosystem and water quality.

Ecological plan for land use in the upper Han River

Revegetation is critical for water conservation in a basin as
vegetation coverage retains rainwater in the rainy season, thereby
decreases flood intensity, and supplies water in dry season to the
supplement of river flow. Past studies have stressed the relationships
between the recent rapid loss of vegetation and the reduced capacity
of water retention, increased soil erosion and more destructive floods
in the river (e.g., [1,3]. However, inappropriate exploitation and strong
economic pressures have resulted in decreasing vegetation coverage,
and consequently decreases the capacity of water retention in the basin

[13]. Land use in the upper Han River has been determined with the
help of geographic information system (GIS) and remote sensing (RS).
An established mathematical model of associations between land use
and river health [24,25] can be used for proposing the most suitable
pattern of land use. We should synthetically plan the residential district,
agricultural region, industrial district and vegetated area.

There is relatively high vegetation coverage (around 77%) in the
upper Han River drainage basin [24], however, riparian land and
riverbed/flood plain has been cultivated by local people particularly
in the Hanzhong and Ankang Plains [25]. Degradation of the riparian
zone diminishes its capacity of retaining and reducing sediments
and particulate phosphorus and nitrogen by various processes of
plant uptaking, microbial immobilization and soil storage [8,41], and
therefore contributes to stream water pollution. Establishment of a
5-50 m-width buffer zone along river networks may be viewed as one
of the most important restoration measures.

Water pollution control in the upper Han River

Researchers have developed many models integrating GIS and
spatial (digital elevation model, soil and land use) [42] databases
and simulated the distributed physical process of water pollution
[43,44], sediments and N and P. Recent efforts have been done on the
integration of the physical process model and GIS to predict potential
soil losses in watersheds [1,45]. Land use change resulting from the
introduction of the large reservoir in the Han River exposes minerals to
environment, and may accelerate soil erosion and increase sediments.

Presumably, reforestation could reduce soil erosion, especially in the
degraded areas. Buffer strips and wet detention ponds are constructed
to remove 80%-90% of sediment and 90% of nitrogen to rivers [41].
In addition, we can examine the relationships between pollution loads
and water quality with the help of Total Maximum Daily Load (TMDL)
[6]. The correlation of pollutant concentration and nutrient level will be
modeled on the basis of the comprehensive analysis of point pollutants
source, NPS and soil loss in the basin, then its TMDL will be proposed.
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Figure 7: COD and NH4-N discharges by industrial and domestic contributions
from Hubei and Shaanxi provinces (data sourced from National Bureau of
Statistics of China; http://www.stats.gov.cn/).

At last, the discharges of pollutants everyday will be put forward to
maintain a healthy aquatic ecosystem. Our results and historical data
indicated water quality degraded in the rainy season (Figure 5and 6)
contributable to NPS by runoft [19,20]. Field surveys found that many
chemical plants in the upper Han River had no wastewater treatment
facilities and their wastewater discharged directly, as reflected by the
sampling sites with much higher concentrations of nitrogen located in
the Danjiangkou Reservoir catchment where there is a large population
center of Shiyan city (Figure 1 and 5). Ultimately, the integration of
reforestation for soil erosion, water treatment for industrial sewages,
wet detention ponds for urban runoff and riparian construction in
agricultural areas are required

The ecological management for hydropower reservoirs

Dam operations, together with nonpoint source pollution and
invasive species have greatly imperiled aquatic ecosystems [9,46].
Past study demonstrated that nutrients were enough to support the
eutrophication in the Han River [20], thus hydrological processes is the
key component controlling the eutrophication in the river, which may
be regulated by dam operations. The hydrological alterations in rivers
downstream of dams are controlled by the release from hydropower
station and these regulated rivers’ flow regime is associated to water
exchange and the production-destruction processes in waters. We
must establish release patterns and volumes relating to the associations
between organic pollution and self-purification in order to ensure water
quality conformity. It is notable that there exists the required release
into downstream for self-purification of pollutants from ecosystem and
anthropogenic inputs [7], and this release can balance the production-
destruction processes in rivers.

Generally, the increase of releases improves self-purification and
water quality and additional increasing release have little influences on
water pollutants [7]. In order to provide utmost benefits of hydropower
station, the extremal release (ecological release), reflecting ecological
water needs, must be determined based on several years of natural
hydrological data. Further, the increasing anthropogenic contributions
should be balanced by increasing water releases.

However, dams cause the breaks of geographical rivers and river
flow processes, and change the transportation flux, composition and
spatio-temporal distributions of matters and aquatic biogeochemical
processes. The varied nutrient species, composition, and their
stoichiometry by dam would lead to aquatic evolution especially the
phytoplankton alternation [47]. Cascade reservoirs in the upper Han
River are of great concern due to their complicated accumulative

effects on river flow and biogenic elements. Unfortunately, these
critical consequences may not be solved in the future.

Establishment of eco-environmental monitoring network

Long-term ecosystem research and monitoring networks are
effective for describing the evolution of ecosystem. Currently, China
has the Chinese Ecosystem Research Network (CERN) with 36 stations
nationwide to demonstrate and study the typical ecosystems in China
such as farmland, forest, lawn, desert, marsh, lake and ocean ecosystem
(http://www.cern.ac.cn).

The MRSNWDP will have profoundly impacts on water receiving
and supply areas, thus long-term and systematic monitoring is of
necessity. A few new stations in the water supplying areas to monitor
the environmental implications of the project should be launched.
However, CERN only has two stations for freshwater lake ecosystems
(i.e., East Lake and Taihu Ecosystem Monitoring Station). A river
basin management program should be developed and implemented
to monitor land use/land cover change particularly the urbanization,
composition and structure and function of ecosystems, water quality
and river flow regime in the Han River associated with dam operations
serving for this large water transfer project. We can establish an
ecosystem research station in the basin, i.e., Danjiangkou Reservoir or
the typical stream such as Jinshui River in the upper section and Du
River near the Danjiangkou Reservoir.

Perspectives

Landusechange, particularlyurban growthand otheranthropogenic
contributions, have had significant influences on water quality of the
upper Han River as reflected by elevated nitrogen contributing to algae
blooms during the spring in the past two decades, i.e., 1992, 1998,
2000, 2003 and 2008, and this water pollution would be enhanced
by global warming and soil erosion. How to maintain an ecologically
sound aquatic ecosystem is critical for China’s interbasin water transfer
project. Unfortunately, we do not know much about the composition
and structure of the ecosystem of the Han River, particularly the
riparian corridor. There are even fewer studies on hydroecosystem
functions and how they might respond to the varying hydrologic
regime in the regulated rivers associated with dam operations. With
such limited knowledge, the present work has determined the major
eco-environmental consequences and introduced a river basin
ecosystem management plan, including the ecological management
for hydropower dams, land use management, water pollution control
and establishment of eco-environmental monitoring network in the
upper Han River. Further study should focus on applications and
interpretations of data and the development of integrated river basin
management for water conservation for the MRSNWDP based on
the characterization of the composition, structure and functioning of
aquatic ecosystem in the Han River.
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