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Partl  Assessment Report

1 Impact of Climate Change on China

1.1 Climatic Elements

Overall, in china climate in recent 100 years is warming under the global
warming background. Over the last 100 years, mean temperature in Chinese Mainland
has risen significantly, with mean annual increment around 0.6 to 0.8  (Qin Dahe,
2005). Its change trend is in consistent with the overall trend of global climate,
slightly higher than global or North Hemisphere warming trend. From the
geographical point of view, temperature increment in North China and Northeast
China is largest, up to 0.4 to 0.8 per 10 years, while that in the upper reach of
Yangtze River and Southwest China declines slightly. There is no apparent cool-warm
trend in most southern regions (Wang Shaowu, 1998). From the seasonal point of
view, winter warming is greatest, for example, warming winter in China since 1985
has been appeared to be common. In recent 40 to 50 years, the lowest and mean
temperatures in China both see a rising trend, especially in winter in northern regions.
Meanwhile, frequency of cold wave and day number for low temperature both drop.

In 1951 to 1990, China mean maximum temperature rose slightly, minimum
temperature rose markedly, daily range declined greatly, both extreme and mean
minimum temperatures remained rising, especially in winter in north regions. Cold
wave activity wore off. On an average, national frost days in the last 50 years dropped
greatly down to about 2.4 days per 10 years. In the meantime, frequency for either
thermal day or warming night increased, but that for cold day decreased, especially a
sharp decrease for cold night (Zhai Panmao, 2003). Precipitation variation over the
last 50 years shows that mean annual precipitation drops by 2.9mm per 10 years, but
that in recent 10 years (1990 to 2000) increases slightly. For example, precipitation in
most of North China, East Part of Northwest China, and Northeast China reduces
significantly to about 20 to 40mm per 10 years. Precipitation in South China and
Southwest China increases significantly to about 20 to 60 mm per 10 years.
Precipitation in the west part of Northwest China also increases to some extent.
Annual precipitation days in 1951 to 1995 remained decline, but precipitation
intensity remained in upward trend (Qin Dahe, 2002, Wang Shaowu, 2000). As a
whole, China total precipitation change is not evident, rain day region reduces, which
means that precipitation process will have an intensified trend, leading to the increase
of drought and flooding accidents, and especially in 1990, extreme precipitation
proportion trended to rise. Annual precipitation in North China trends to decline, both
extreme precipitation value and precipitation intensity trend to weakness, but
proportion of extreme precipitation in gross precipitation still remains rising.
According to data in recent 100 years, both drought and flooding changes are featured
with apparent stages and abrupt change. China climate in the 20th century obviously
trended to dryness. Two climate abrupt changes from dampness to dryness occurred
respectively in the 1920s and 1960s. Yellow River basin has continued and
aggravated dry spell since 1965.



Ding Yihui et al.(2006), by using domestically developed global air-sea coupled
model (such as the NCC / IAP T63), by reference to IPCC which gives future
greenhouse gas emission and concentration scenarios, integrating simulation results
yielded from multiple models adopted by IPCC, had an pre-estimation of Climate
Change trend in the next 20 to 100a in global scope, east Asia and China. His study
showed that over the next 20~100a, Chinese surface temperature will increase
significantly, an upward trend also in precipitation (Table 1.1). In 21st century,
Chinese surface temperature will continue to rise, where warming increment in the
North is more than in the South, and warming increment in winter and spring is more
than in summer and autumn. Compared with the average value of climate, the average
temperature in China will increase by 1.3~ .1 in 2020, 1.5~2,8 in 2030,
2.3~3.3 in 2050. It is estimated that the national average annual precipitation in
2020 will increase by 2% to 3% , 5% to 7% in 2050. The number of Precipitation
days will see a significant increase in the North, but remain unchanged in the South. It
is large in space-time variability of precipitation change, and different models give
significant different results.

Table 1.1 Future Change of the surface temperature and precipitation
over China ( compared with average data of year 1961-1990)

Elements 2020 2030 2050 2100
Temperature change ( ) 13-21 15-28 23-33 3.9-6.0
Precipitation Change (%) 2-3 5-7 11-17

Some other Chinese scientists selected some of simulation results out of domestic
and global climate models to further calculate China's Climate Change (Zhao Zongci,
Xu Ying, 2002; Xu Ying, 2002; Zhao Zongci, 2003; Ding Yihui, Xu Ying, 2003) (Xu
Ying, 2002; Ding Yihui, Xu Ying, 2003). The calculation results show that China
warming over the past century may be affected by human activities, especially in the
last 50 years. It is forecasted that future temperature in China is likely to warm by 1.5
~2.8 C till 2030, 2.3~3.3 °C till 2050, 3.9~6.0 C till 2100. Of four scenarios,
scenario A2 has a greatest increase in temperature. In given Scenario A2 and B2
based on global model, it is estimated that in different time of 21% century, the
greatest warming are to be seen in the northeast, northwest and North China, up to 4~
5 C by 2100 (see table 1.2, 1.3). A number of model and emission scenarios show
that in the 21st century China will continue to warm due to the increase of human
emissions, and warming rate (3~5 “C / 100 years) is more evident than in the 20th
century, especially in the north and in winter. Nationally, climate may become wet,
especially in the Northeast and Northwest, but it is likely to be dry in Central China.
As a result of increasing human emissions, winter monsoon in the East Asia may
continue to weaken, but summer monsoon may intensify. It is forecasted that
intensified summer monsoon may only reflect the impact posed by intensified water
cycle under climate change background, which leads to an increased precipitation.

Table 1.2 Change of average temperature of every 30 years in the 21 century



forecasted by the Global Climate Model with the scenario of SRES-A2

Zone Whole Northeast North Central East South

China China China China China China Southwest  Northwest

2020 1.2 15 1.4 1.0 1.0 07 1.0 1.4
2050 2.6 3.5 2.9 2.4 24 19 2.2 3.0
2070 4.4 5.5 4.8 4.1 39 33 4.0 5.0
2100 5.6 6.9 6.1 5.1 50 41 5.0 6.3

Table 1.3 Change of average temperature of every 30 years in the 21 century
forecasted by the Global Climate Model with the scenario of SRES-B2

Zone Whole Northeast North Central East South

China China  China China China China Southwest  Northwest

2020 1.3 1.9 1.5 11 1.1 08 1.0 1.6
2050 2.5 3.2 2.7 2.2 22 18 2.1 2.9
2070 3.5 4.5 3.9 3.2 32 26 3.1 4.0
2100 4.0 4.9 4.2 3.6 35 3.0 3.6 4.4

1.2 Runoff of Rivers

Water Resources Information Center, Ministry of Water Resources (1996) , after
studying Chinese typical river basins based on 4 GCM scenarios, believes that under
future climate change scenario, the runoff in Songhuajiang River is much more likely
to go up, that in Liaohe River is likely to either go up or down, that in
Beijing-Tianjin-Tangshan Regions, the upper and middle reaches of the Yellow River
and Huaihe River are much more likely to go down, that in Hanjiang River remains
unchanged, that in Dongjiang River is likely to have a little loss, but annual runoff
will has a larger rise. In North China, if the temperature rises by 2 °C, annual runoff in
Qinglong River, Tanghe River and Shahe River is likely to reduce roughly by 10% to
20%, that in Baihe River will has a 40% reduction. If rainfall is reduced by 10%,
runoff in four small-and medium-sized rivers above mentioned will reduce by 15%-~
25%. The study of tropical areas shows that under identical climate amplitude of
variation, both tropical and temperate regions have different responses, if the
temperature rises by 2 ‘C and rainfall reduces by 10%, runoff in North China will
reduce by 40% to 60%, while that in Wanquan River of Hainan Province will reduce
by 25.6% (Fu Guobin, 1991). In some studies of climate change scenarios (2030)
based on GCM simulation model, they applied hydrologic balance model and water
resources integrated estimation model to study the potential impact of climate
warming on annual and monthly runoffs, evaporation as well as water supply and
demand balance. The result shows that climate warming posing a significant impact
on water resources is expected to occur in Huang-Huai-Hai River Basin. Being the
main source of water resources, annual water amount greatly relies its increase or
decrease on variations of run-off and evaporation in flood season. Therefore, under
future climate change scenarios (2030), the region's shortage of water will accelerate
significantly. Concretely speaking, the shortage of water resources in
Beijing-Tianjin-Tanggu of the Haihe River Basin will go up from current 1.6x10%m?
to 14.3x10°m?®, that in Huaihe River from current 4.4x10®m? to 35.4x10®m®, and that
in the Yellow River Basin from 1.9x10°m? to 121.2x 0®m® (Wang Futong, 2002). Qu
Jinhua (2007), by using HD and MPI models, reveals the impact of climate change on
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China natural annual runoff in 2030. By 2030, natural runoff in most of river basins
will see an increase, of which Liaohe River, Hekou Town to Sanmenxia section of the
Yellow River, Dongting Lake water system, all coastal rivers in the west of
Guangdong, all rivers in the east and south of Fujian and Minjiang River will see an
increase by 11.64% to 14.64%, in addition to a likely aggravating flooding. In
particular, runoffs in Liaohe River and Minjiang River from June to August of flood
season are likely to rise by 9.3% and 18.9% respectively, the Maximum runoff of the
latter may rise by 23% (Figure 1.1).
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Figure 1.1 Runoff Variation Forecast in June to August of China Rivers

1.3 Evaporation

On the basis of future climate change model, average temperature in the Yellow
River and its north area over the next 30 years is likely to increase by 2.0 ‘C (HD
model) or 2.38 ‘C (MPI model), that in its south area increase by 1.8 ‘C (HD model)
or 1.5 ‘C (MPI model). By 2030, China's average annual evaporation will increase by
3% to 15.1% (Table 1.4), in which that in the Yellow River and the continental rivers
might increase by around 15% (MPI model), higher than increase rate of summer
evaporation (Wang Shourong, 2003). Another study reveals that summer evaporation
in northeast China in 2020 to 2049 is expected to increase by 4.3 to 5.4% and that in
2071 to 2100 will have a significant increase of as much as 12.3 to 14.4% (Qu Jinhua,
2007)

Table 1.4 Evaporation Variation Forecast of Rivers in China by 2030
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1.4 Sea Level

Tian Guangsheng (1999), by using sea-level change forecast model, has a forecast
of future seal level rise of five coastal regions in China, with results presented in table
1.5. By reference to sea-level rise scenarios published by IPCC in 1995 (in light of
I1S92a scenario), the simulation estimation indicates that the relative sea level along
China coast will rise by as much as 4 16 cm in 2030, more optimistic by 6~14 cm;
that in 2050 will rise by 9~26cm, more optimistic by 12~23 cm (Table 1.6) (Wang
Futang, 2002)

Table 1.5 Prediction of Future Sea Level for Five Coastal Regions in China

Unit: cm
Region Year

2030 2050 2100

C_osta! regions in 13.1 22.5 69.0
Liaoning, Tianjin
Costal regions in

Shandong Peninsula 11 >1 40.2

Costal regions in Jiangsu
and the east of 15.5 254 73.9
Guangdong
Costal regions at 76 148 18

Zhujaing River Estuary,
Costal regions in t_he 153 255 749
west of Guangxi

Table 1.6 Estimated Rise of Seal Level in Five Coastal Regions in China under
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Future Climate Change Scenario (2030 and 2050)

2030 2050

Lower intermediate  Higher Lower intermediate  Higher
estimation  estimation  estimation estimation estimation  estimation
Coastal regions in

Liaoning and 9.5 114 13.1 16.2 19.6 22.5
Tianjing
Costal regions in
Shandong -2.5 -0.6 11 -0.6 2.8 57
Peninsula

Costal regions in
Jiangsu and the

5.5 115 135 19 22.5 25.4
east of
Guangdong
Costal regions in
4 5.9 7.6 8.5 11.9 14.8

Pearl River Delta

Costal regions in
west Guangdong 11.6 13.6 15.3 19.2 22.7 25.5
and in Guangxi

1.5 Moisture Contents of Soil

According to NCARGCM output (Zhang, 1993), China's annual average soil
moisture content generally increases by 0~1%, but in the south of Yangtze River,
central China and southern China, that has a larger increase ranging between 1% to
3 %; in the Yunnan-Guizhou Plateau, southern Sichuan Basin, western Guangxi,
Shaanxi, Ningxia, eastern Gansu, eastern Hebei and coastal areas of Bohai Sea, that
has a reduction ranging between 0% to 2%.

1.6 Grain Safety and Natural Vegetation

By 2050, except for Qinghai-Tibet Plateau, the north of northeast China where
elevation is high, almost all other places will have a great change in cropping systems
(Table 1.7). Currently, most areas with two cropping per year will be superseded by
three cropping per year through different combination. The existing two-cropping
areas will be moving north to the central region of current one cropping area. A great
change for three cropping system is that its northern boundary will move north from
the current Yangtze River to the Yellow River. Therefore, it can be said that climate
warming will be beneficial to China's agricultural production (Wang Siu-tong, 2002)
due to the diversification of cropping systems and the increase of multiple cropping
index.

Tian Guangsheng (1999), based on China's future climate change scenarios in
2030, uses China forest productivity model to predict forest productivity and
production. The result shows that changes rate of forest productivity increases from



southeast to northwest. That is, the southeast has a small change in productivity, about
1%~2%, while the Northwest about 6%~8%, even to 10%. Another study reveals that
by 2050, various vegetations will be moving north significantly, tropical rainforest in
the south will expand, and boreal forest in northeast area and Tibet mountain
vegetation in southwest area will be reduced. Northwest China (Xinjiang etc.) is much
more likely to change from current temperate desert or grassland into a warm
temperate or subtropical desert (Wang Siu-tong, 2002), see Table 1.8.

Table 1.7 Likely Change of Distribution Area for Planting System of Different
Crops under 2005 Climate Change Scenario Simulated
by Synthetical GCM Model

Current Climate 2050  Likely Change of
(1951~1980) Climate
One cropping system 62.3 39.2 -23.1
Two cropping system 24.2 24.9 +0.7
Three cropping system 135 35.9 +22.4

Table 1.8 Likely Change of Distribution Area for Distinct Natural Vegetation
Type under 2005 Climate Change Scenario Simulated by Synthetical GCM

Model

Distinct Natural Vegetation Current Climate Climate in Likely
Type (1951~1980) 2050 Change (%)

boreal forest 2 0 -2
needle oil and broad leaf
forests at temperate zone ! 6 -1
deciduous broad-leaved forest 1 1 0
at warm temperate zone
broad Ieave_d evergreen forest 21 21 0
at subtropical zone
monsoon rain forest at Torrid 1 . 6
Zone
temperate grassland 16 11 -5
temperate zone desert 14 10 -4
Tibet mountain vegetation 28 20 -8
Undefined categories 0 14 +14




2 Impact of Climate Change on the Yellow River

2.1 Runoff

In the entire river basin, if calculated in light of 1919~1975 series of hydrological
data, average natural runoff of the Yellow River for is 58 billion m®. If calculated in
light of 1956~2000 series of hydrological data, average natural runoff (Huayuankou
Hydrological Station) is 53.28 billion m®, reduced by 8%, Change trend of Natural
runoff is in roughly consistent with precipitation change trend, overall in a declining
trend (Figure 2.1), reduction of runoff is greater than precipitation.

Change of precipitation and runoff and its trend in
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Figure 2.1 Change of precipitation and Natural Runoff in the Yellow River

Liu Changming (2003) believes that, as for control section of Lanzhou, surface
runoff has an obvious reduction trend, but elements change in other water cycle is not
very obvious. As for control section of Huayuankou, the natural runoff, surface runoff
and underground runoff all have an obvious decrease trend, while precipitation,
evaporation, interflow and soil moisture all trend to decrease. Based on WEP-L model,
Wang Hao(2005) believes that, driven by "natural-artificial” dual mode, total average
water resources of the Yellow River during 1980-2000 reduces by 3.1% in
comparison with that during 1956-1979, of which surface water resources falls by
6.9%, but unrepeated groundwater resources increases by 21.4%. Huang Qiang (2002),
based on annual runoff data of the Yellow River, adopts wavelet analysis approach to
explore runoff evolution since the 1920s in the Yellow River and its driving force
under binary model. He believes that, overall runoff change in the Yellow River basin
may be classified as three stages as increase, slow decrease and rapid decrease.
Among them, overall change of river runoff since the 1950s trends to a slower
decrease. Ma Zhuguo (2005), based on runoff and climate data of upper, middle and
lower reaches of the Yellow River, has an analysis of relationship between multi
year annual runoff change law and climate change, and he believes that the runoff of
the Yellow River has a significant change among years, the salient features of runoff
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from the 20th century began to decrease from the 1980s, but did not reach the lowest
in history, the trend of declining runoff in the upper reach is more significant than the
lower reach.

(2 ) Causes

From the perspective of climate change, Liu Changming (2004), based on
historical materials about droughts and floods as collected by meteorological
department in 1977 and China Drought Chronology published by China Institute of
Water Resources and Hydropower Research, by reference to the Yellow River
Hydrological Yearbook, has a comprehensive analysis and reveals the dry-wet
characteristics of the Yellow River in 1470-1980. He believes that, since the late 15th
century, the water flow change of the Yellow River has been dominated by negative
anomaly, namely, the number of dry years is more than that of wet years. Shao
Xiaomei (2007), based on meteorological information in 1961 to 2001 as collected
by China Meteorological Administration, by the aid of GIS technology, uses
Penman-monteith model as recommended in 1998 by Food and Agriculture
Organization (FAO) to have an analysis of spatiotemporal distribution pattern with
regard to climate moisture gain and loss of the Yellow River. She believes that the
Yellow River being drought and lack of water is a universal phenomenon; overall
spatial change regarding gain and loss quantity of climate moisture behaves in that the
gain and loss quantity is gradually increased from south to north, from east to west,
that in most parts of it ranges between 200~600 mm. Ma Zhuguo (2005) believes that
the runoff change trend is basically in consistent with climate change trend, which
indicates that multi-year, runoff change is mainly controlled by climate; In addition,
dryness of basin surface is an essential reason for the reduction of runoff, temperature
rising more accelerates the dryness of basin surface. Based on remote sensing data
from 1982 to 1999, Yang Shengtian (2002) believes that climate in the Yellow River
between the 1980s and the early 1990 is relatively humid, but relatively dry in the mid
and late1990s.

From the perspective of renewable water resources, Li Chunhui (2005), using
TOPSIS method for estimation, believes that main water-source areas such as above
Longyangxia, Huangshui River, Taohe River and Weihe River are an area where it
has strongest or stronger renewable water resources, but Beiluohe River is weakest,
and the rest belongs to a neuter or weaker area.

From the perspective of using water resources, Wang Hao (2005) believes that the
impact of water utilization on the evolution of water resources mainly behaves as
follows: (1) changing the composition of water resources defined with a narrow sense.
As water utilization captures river water and reduces river drainage of groundwater,
which results in a significant reduction of river runoff and a significant increase of
non-repetition groundwater resource. Although total water resources in the narrow
sense is not much changed, but the change of water resources composition may
produce a series of eco-environmental consequences, including issues such as the
maintenance of river ecosystems and negative ecological environment due to over
exploitation of groundwater; (2) increasing the use of effective precipitation mainly
because water utilization causes the decline of groundwater level, thickening of
vadose zone, which increases effective soil water resources and is conducive to the
use of rainfall in situ. Tian Jinghuan et al.(2005) believes that a tributary of the large
and medium-sized reservoirs built along the Yellow River Basin has accelerated
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runoff losses of rivers, and sees a loss of 770 million m® in water resources due to
newly-increased surface evaporation. Zhang Xuecheng (2005), on the basis of annual
series analysis with regard to surface water depletion of the Yellow River in
1956~2000, believes that annual average surface water depletion of the whole basin is
24.9 billion m® (of which diversion water outside the basin is 7,909,000,000 m®,
accounting for 31.8 percent of total river basin), that in 1980 to 2000 is 29.66 billion
m?>(of which diversion water outside the basin is 10,830,000,000 m®, accounting for
36.5 percent of the total). Overall inter-annual change regarding surface water
depletion in the Yellow River Basin is: water use level in the 1950s and 1960s was
relatively low, but in the 1970s rose steadily, in the1980s up to the peak, and in the
1990s trends to be stable. In the entire Yellow River, water depletion proportions in
agricultural irrigation, industrial and living, rural industry, rural people and livestock
under existing conditions are 90.8%, 7.5%, 0.4%, 1.3% respectively.

From the perspective of vegetation, increase trend of both vegetation area and
coverage in the Yellow River is obvious. Gao Ge (2006) , after the analysis of annual
average potential evapotranspiration in 1980 to 2000 and in 1956 to 1979, believes
that, as for most areas in China, evapotranspiration rate in 1980 to 2000 was less than
the previous period, but that in the Yellow River Basin increased. By reference to
historical information, farming area in the Yellow River has been doubled over the
last 3000 years, as shown in Figure 2.2. Li Yuchen(2006) believes that, vegetation in
1980 to 2000 was generally in upward trend, vegetation average NDVI increased by
11.69 percent during growing season, and it was in most obvious upward trend in
spring and autumn. Based on NOAA / AVHRR NDVI data from 1982 to 1999, Yang
Shengtian (2002) believes that vegetation cover in the Yellow River basin is generally
in the upward trend. Moreover, the vegetation poses an important impact on runoff.
Liu Changming (2004) believes that forest poses an important impact on annual
runoff volume, especially significantly in reducing annual runoff and reducing annual
surface (flood) runoff. However, the forest may lead to a slight increase of
underground runoff. Wei Xiaohua et al. (2005) , with a view to water natural attribute,
explores the consistency and complexity with regard to the relationship between
forest change and runoff from aspects such as the impact of forest on runoff,
interference threshold of forest in response and hydrological restoration. The
consistency of relationship between forest change and runoff is mainly manifested in
annual runoff which is represented by longer time scale. She believes that
deforestation can result in the increase of annual runoff, if deforestation in the
wasteland, can result in decrease of annual runoff. Wang Hao et al (2005) believes
that the underlying surface change posing impacts on the evolution of water resources
is mainly manifested in: (1) gross water resources in the narrow sense decreased by
two billion m*, of which surface water decreased by 4.1 billion m® non-repetition
groundwater increased by 2.1 billion m® This is mainly because with the
implementation of artificial measures, such as soil and water conservation, field
training, terrace construction, it was not conducive to the contribution of surface water,
and thus accelerated vertical infiltration capacity; (2) utilization of effective
precipitation increased by 11.39 billion m?, in which not only it utilized runoff water
resources locally impounded, but also increased invalid inferflow and surface flow
interception; (3) Gross water resources in broad sense increased by 9.4 billion m®,
Under the actions above-mentioned, water resources in river basin in the broad sense
may have an increase to some extent.
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Figure 2.2 Area Change Trend of Agricultural Farming Region
Note: Only roughly illustrating the increase/decrease trend of agricultural farming
region area due to the limitation by inadequate data and calculation approach.

From the perspective of soil and water conservation, Chen Hao et al. (2002)
believes that since the 1970s, the role of rainfall in reducing water and sediment has
continued to be weakened; with the improvement of water and soil conservation
measures, the proportion of human activities’ reducing water and sediment has
continued to rise. In the 1970s, average water and sediment reductions due to climate
fluctuation and human activities were 53.4%, 28.6% respectively, and in the 1980s
were 46.6% and 71.4%.

2.2 Temperature

Temperature fluctuations in the Yellow River among multiyear is in upward trend,
which is in consistent with global warming (Figure 2.3) (Jia Yangwen, the Third
International Yellow River Forum). From 1961 to 2000, annual average temperature
in the Yellow River rose by as much as 0.6  (Qiu Xinfa), of which warm trend in
winter was very obvious, but that in summer was weakest.
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Precipitation of Yellow River Basin
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Fig. 2.3 average temperature change in the Yellow River
Fig. 2.4 precipitation change in the Yellow River

On an annual average, it was cool prior to the mid-1980s, but warm mostly after
that; especially after the late 1990s, the warm weather continued to accelerate. The
warmest year in the analyzed period is 1998. In winter, it was cool after the 1980s,
down to a lowest temperature after 1968; in summer, cool and warm occurred
alternatively prior to the 1970s, but cool dominated from the mid 1970s to the late
1980s; the climate continued to warm after the 1990s (Ren Guoyu, Climate Change
and Water Resources in China). Lasting warm in the Yellow River began in the 1990s,
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after entry into the 21st century this trend is particularly significant.

Because of differences of geographical location, temperatures responsive to global
warming in different regions within the basin are not the same. Among them, the
biggest change occurs in river source area (Table 2.1). Over the last 40 years, average
temperature in the upper Yellow River has risen by 0.32 , higher than global and
Chinese average temperature rise rate (Lan yongchao, 2006); and that in areas above
Tangnaihai in the 1990s is around 0.5 higher than annual average value(Shi Yupin
et al. Advances in Science and Technology of Water Resources, 2005), the largest
temperature increase occurred in Zeku area where average temperature increased by
0.58 , with average growth rate of 0.14 /10a (Lan Yongchao et al. 2006)

Table 2.1 Temperature Fluctuation of Water Inflow in the Yellow River

Time 1956-1959 1960-1969 1970-1979 1980-1989 1990-2000
Entire river basin 6.2 6.1 6.2 6.2 6.9
Above Longyangxia -1.5 -2.5 -2.4 -2.2 -1.9
Longyangxia to 17 13 14 15 53
Lanzhou
Lanzhou to  Hekou ¢ 6.8 6.9 71 8.0
Town
Hekou Town-Longmen 8.2 8.3 8.3 8.3 9.3
Longmen to Sanmenxia 9.6 9.7 9.7 9.7 10.4
Sanmenxia © 126 12.9 12.9 12.7 125
Huayuankou
Below Huayuankou 12.2 12.6 12.5 12.5 121

2.3 Precipitation

Annual average rainfall in the Yellow River is 447mm (1956~2000 series),
precipitation from southeast to northwest gradually reduced (Figure 2.5). Multi year
rainfall variation in the Yellow River is large; the less rainfall becomes, the larger the
variation is. Both the uneven distribution of seasonal rainfall and large inter-annual
variation lead to frequent floods and droughts.
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Figure 2.5 Isoline of Annual Average Rainfall in the Yellow River

Rainfall fluctuations in the Yellow River as a whole are in downward trend
(Figure 2.4), with least precipitation in the 1990s, but a slight increase since 21°%
century. From the prospective of inter-annual variation, the largest temperature
change occurred in the 1980s and the 1990s, especially in the 1990s up to 0.7
(relative to the 1980s) (Qiu, Xinfa, Natural Resources Journal, 2003; Jia Yangwen,
Third Yellow River International Forum, 2007). Annual average temperature in areas
above Tangnaihai in the 1990s was about 0.5  higher than usual average value, and
0.7~ 0.8  higher than the previous period; Meanwhile, annual average rainfall was
not only less than annual average value, but significantly less than the previous period,
especially in Maqu region down to 15.8% (Shi Yupin, Advances in Science and
Technology of Water Resources, 2005).

Both annual rainfall and seasonal rainfall in the Yellow River fluctuate in
downward trend (Table 2.2). From an annual average, the rainfall before the 1970s
was more and in greater amplitude, but in 1964 down to the least; however, after that
was in less amplitude. Rainfall in the mid and late 1970s was more, but in less
amplitude. Rainfall since the 1990s has become less. Based on MK check of regional
annual average rainfall standardized sequence in 1956-2002, it shows that rainfall in
the Yellow Rive since the 1970s has continued to decrease (Ren Guoyu, Climate
Change and Water Resources in China, p69). Pang Aiping (2008), based on data
monthly monitored in 827 monitoring stations in 1951-1998 which focuses on the
spatial movement of typical precipitation isoline 200, 400 and 800mm, believes that
Loess Plateau along the Yellow River trends toward dry significantly, the typical
rainfall isoline moves south. After the analysis of spatial change with regard to
rainfall during flood and non-flood seasons over 1980-1998, it is found that the
largest decrease of precipitation occurred in Loess Plateau and the lower reach of the
Yellow River, but in the source of the Yellow River, Yiluo River, source and lower
reach of Fenhe River trends upward. Meanwhile, change trend between rainfall in
flood season and rainfall in non-flood season is not full consistent in space sense.

In short, the source area and the upper reach of the Yellow River has reduced to
some extent since the 1990s, temperature rose significantly, which leads to a sharp
drop of runoff and increase of drying-up days. So, the water inflow is the primary
cause to affect water resources in North China (Huang Ronghui, Climate Change and
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Environment, 2006)

Table 2.2 Temperature Change for Main Reaches of the Yellow River

(Unit: mm)

Reaches 1056-1959 1960-1969 1970-1979 1980-1989 1990-2000
Entire river basin 477.0 471.3 446.1 445.4 422.7
Above Longyangxia 460.4 494.2 482.0 507.2 468.8
Longyangxia 10 476 5 491.6 487.3 480.4 459.7
Lanzhou
Lanzhou to Hekou — ,gq 277.3 269.5 2433 262.2
Town
Hekou

510.6 463.6 427.9 415.6 397.3
Town-Longmen
Longmen 0 5g54 578.4 532.7 553.6 492.3
Sanmenxia
Sanmenxia 0 7385 685.0 639.9 671.7 606.1
Huayuankou
Below Huayuankou 697.2 680.3 645.7 564.4 660.0

2.4 Evaporation

In the Yellow River, arid and semi-arid climate dominates, rainfall is little and
seriously uneven in spatiotemporal distribution, in addition to robust evaporation.
Annual evaporation may reach around 1100mm. The greatest evaporation areas are
detected in the upper reach of the Yellow River in Gansu, Ningxia and Inner
Mongolia, central and western regions are the largest domestic evaporation in the
region, and the biggest annual evaporation is more than 2500mm.

Surface evaporation of the Yellow River changes greatly, depending on
temperature, terrain, geographic location. Above Lanzhou is dominated by forests of
Qinghai Plateau and the Shishan Mountain, with average surface evaporation of
790mm. From Lanzhou to Hekou Town, the climate is arid with little rainfall,
dominated by desert and steppe, average surface evaporation being of 1360mm. From
Longmen to Sanmenxia, the area is large, across nine longitudes from east to west,
both underlying surface and climatic condition experience great change, with average
surface evaporation of 1000mm. From Sanmenxia to Huayuankou, average surface
evaporation is 1060mm. Below Huayuankou is the alluvial plain of the Yellow River,
with surface evaporation of 990mm. inter-annual climatic conditions of the Yellow
River changes little, so does inter-annual surface evaporation. The ratio of maximum
surface evaporation to the minimum ranges from 1.4 to 2.2, most at around 1.5; Cv
value ranges from 0.08 to 0.14, most at around 0.11 (see Table 2.3) (Zhang Xuecheng,
Investigation And Assessment of Yellow River Water Resources, 2006).
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Table 2.3 Characteristic Value Statistics Regarding Evaporation From Water
Surface of Long Series Representative Station

Unit: mm
Station Annual Cv  Maximum Year Minimum Year Maximum Note
average /minimum
value
Minhe 968 0.14 1352.5 1965 841.8 1992 1.6
Huzhu 802 0.09 963.6 1956 657.1 1964 15
Dangyanggiao 1863  0.19 27243 1983 12131 1967 2.2 20
Series
Taiyuan 1580 0.08 2080.0 1955 14275 1964 15 20Series
Linfen 1800 0.11 2274.8 1960 1466.6 1964 1.6 @20Series
Shenmu 921 0.12 1096.7 1999 721.8 1996 15

Zhaoshiyao 951 011  1100.8 1987 718.5 1992 15
Linjia Village 769  0.10 942.8 1997 669.7 1993 1.4
Jiaokou River 942 0.12 11248 1997 730.3 1983 15

Linkou 721 0.13 865.7 1981 580.0 1993 15

Many observing and studies show that pan evaporation of the Yellow River in
recent 40 years trends downward (Figure 2.6), sharply drop in spring and summer (Xu
Zongxue, Hydrology, 2005). Local climate change of the Yellow River is not fully
synchronized with the whole river basin, for example, the Yellow River upstream and
downstream pan evaporation trend downward, but the middle reaches is flat or of a
slight upward (Qiu Xinfa, Natural Resources Journal, 2003). Guo Jun (Water Science
Progress, 2005) believes that the evaporation of Huang-Huai-Hai Basin over the last
50 years has dropped significantly, which is likely directly caused by the reduction of
both sunshine time and solar radiation, in addition to the reduction of both, average
wind speed and daily temperature range also plays an important role.
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Figure 2.6 Characteristic Change Curve for Pan Evaporation of the Yellow River
in 1960~2000

Contrary to pan evaporation, actual evaporation of the Yellow River increases
with years. Li Lin (Weather, 2000) believes that the increase of sunshine hours,
temperature and saturation deficit in the upper reach of the Yellow River accelerates
the increase of grassland evapotranspiration, subsequently, both increased
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evapotranspiration and decreased precipitation directly result in the reduction of
water flow in the upper reach and the expansion of grassland desertification. Sun Rui
(Natural Resources Journal, 2003) in his study reveals that multiyear average
evapotranspiration of the Yellow River changes greatly, the maximum of it is in the
southeast, and then followed by that above Lanzhou, and the minimum occurred in
Ningxia-Inner Mongolia section and E’erduosi Plateau. Xu zongxue (Hydrology,
2005) believes that annual average evaporation of the Yellow River features in
gradually reduced distribution from the northeast to the southwest. The reduction of
water surface evaporation is concerned with sunshine and solar radiation as
temperature rises. Mai Miao (Weather, 2006) in her study concludes that, sunshine
percentage throughout the river basin trends downward significantly, and annual
average sunshine percentage in the 1990s dropped by 2.49 percent in comparison with
that of the 1960s; Evident sunshine percentage drop is seen mainly in the summer
and winter, few in spring and autumn.

Many studies show that pan evaporation trends downward, but the actual
evaporation increases significantly; space characteristics of evaporation change varies
greatly, the reasons may be related to selected information. According to some
analysis (Liu Changming, Advance in Water Science, 2004), the decline in pan
evaporation is mainly resulted by the decline of global radiation. Actual land surface
evaporation of the Yellow River increasing significantly is caused by the increasing
irrigation water consumption. Despite the weakening of solar radiation, but in more
arid areas, water supply conditions are an essential factor to decide land surface
evaporation.

2.5 Groundwater

Annual average groundwater resources volume of the Yellow River in 1980~
2000 is 37.76 billion m®, of which groundwater resources volume whose total salinity
is no more than 1g/L is 35.23 billion m?, accounting for 93%, while that whose total
salinity ranges from 1g/L to 2g/L is 2.53 billion m®, accounting for 7%. Among
groundwater resources of the Yellow River, groundwater resources volume in Hilly
Areas is 26.5 billion m®, in plain area 15.46 billion m®. The re-computation quantity
between Hilly and plain areas is 4,200,000,000 m® (Pan Qimin, 2007).

2.6 Sediment

Annual average sediment of the Yellow River is about 1.6 billion t, and annual
average sediment load 37.6kg/m?, in addition to a highest sediment load of 920 kg/m®
that ranks the first in the world. The sediment source of the Yellow River is relatively
concentrated, featuring "different sources of water and sediment ". Source area of the
Yellow River (above Tangnaihai) have an area accounting for only 15% of the whole
river basin, containing very little sediment, but annual average runoff accounts for 1/
3 of the total, and it is an important water-creating area for the Yellow River and so
called "water tower of the Yellow River". The sediment mainly comes from the
middle reach of the Yellow River (Hekou Town to Huayuankou), accounting for more
than 90% of the total. The coarse sandy soil region covering an area of 78,600 km? in

18



the middle reach of the Yellow River plays a critical role in heavy in soil and water
loss, The area may yield sediment as much as 900 million t.

The outstanding issue for the Yellow River sediment is related to the
uncoordinated relationship between water and sediment (Li Guoying, major issues
and countermeasures of the Yellow River, 2001). The uncoordinated relationship
results in sedimentation, raises riverbed, aggravates "Secondary Suspended River",
drops flood control capacity of water resources project, bring more vulnerability to
climate change and triggers floods. Since 1986, sediment load has fallen by nearly
40%, which benefits from recent few heavy rains on the one hand, and comprehensive
management measures regarding water resources and soil conservation in the upper
and middle reaches on the other. However, comprehensive management measures
under heavy rain plays a weak role, so the decline of sediment load is not stable. In
this reason, in usual years the water inflow reduces greatly, but in years with
high-intensity heavy rain, high-sediment flood may occur which results in high
sediment load, so polarization trend exists. (Zhang Xuecheng, Water Resources
Assessment of the Yellow River, 2006)

It should be noted that, in spite of enhanced impact of human activities in Loess
Plateau area, and some regions even bigger the impact of climate change on water and
sediment. However, the characteristics in the middle reach of the Yellow River, such
as scarce rainfall and sparse vegetation, show that its water resource is sensitive to
climate change, especially to precipitation change, so the study regarding the impact
of climate change on water and sediment is very important.

2.7 Extreme Hydrological Value

Storm flood of the Yellow River mainly comes from the middle reach to
Hekouzhen and the reach above Lanzhou. Among them, storm flood from
uncontrolled section of Sanmenxia-Huayuankou section is the most serious and one of
the focuses of study on climate change. Since the 1980s, storm flood in the upper and
middle reaches has dropped significantly in magnitude and frequency (Figure 2.7).
Since the 21st century, few floods above 5000m*/s have occurred. If the flood at
Huayuankou whose peak flow is greater than bankfull flow is regarded as a floodplain
flood in the lower reaches, it has occurred for 9 times since the 1950s, nearly once a
year; but it only occurred for 3 times in 15 years from 1986 to 2000. From 2002 to the
water and sediment regulation in this year, the largest peak flow in the lower reaches
is only 4200m*s. Both Climate change and the regulation of water conservancy
projects may affect the flood frequency and intensity
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Figure 2.7 Annual Maximum Peak Flow Change at Huayuankou Station

Both drought and water shortage are main issues of the Yellow River. By
reference to observed data, the Yellow River has continued to dry since 1965,
aggravated and expanded since the 1990s. The reduction of water inflow as resulted
from climate change plays an important role in the drought of the river basin.

There is a large Latitude difference along the Yellow River. The ice flood
exclusively occurring in the Yellow River can not be found in other rivers. Ice status
in Ningxia-Inner Mongolia section and the lower reaches is most serious, easily
swamped. Since the 1990s, winter temperature in the Yellow River is significantly
high, and ice status in Ningxia-Inner Mongolia section has new features, behaving
in:  number of freezing-up day is reduced, freezing-up date and breaking-up date is
instable, which aggravates the difficulty in forecasting; "hanging river on the
ground "develops, water level during breaking-up continues to rise (Figure 2.8),
which aggravates embankment protection pressure. During ice flood period in 2007~
2008, water level of Sanhuhekou at Ningxia-Inner Mongolia section reached as much
as 1021.22m, 0.41m above the highest historical water level, which resulted in a
breach occurring in Inner Mongolia Hangjingi section.
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Figure 2.8 Maximum Water Level Variation at Sanhuhekou during

Breaking-up Period Since 1986
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3 Impact of Climate Change on the Upper and Lower

Yellow River

At present, there are many studies regarding Water Resources variation of the
Yellow River which are based on observed data. From a prospective of regional
division, the studies mainly relate to the source area, upper, middle and lower reaches,
partial studies, however, from a prospective of the whole river. Based on analysis of
collected literature and information, main study views in light of different river
sections are presented as follows:

3.1 Source Area and Upper Reach

Source area of the Yellow River is called as “water tower" of the Yellow River,
which is located in alpine region, few affected by human activities, particularly
sensitive to climate change, therefore, relatively more studies focus on runoff changes
at source area of the Yellow River. Compared to the source area, the upper reach of
the Yellow River is more affected by human activities, which results in more data
accumulation, therefore, some scholars in study combines the upper reach and source
area, in a word, studies relating to both the source area and the upper reaches are:

(1) Analysis of runoff change and reasons

Most scholars believe that runoff in source area and the upper reach of the Yellow
River has been substantially reduced since the 1990s, Annual Runoff Distribution
turns from dual peak in 1950s-1980s to single peak since the 1990s, see Figure 3.1
and Figure 3.2.Zhang Shifeng, et al (2004) believes that hydrological cycle rule of the
Yellow River source changed greatly in the 1990s, and that in river source areas
features were: in case of little change but a slight increase in rainfall, the runoff drops
significantly, and more concentrated in the flood season. Liu Xiaoyan, et al (2005)
proves this point through an analysis of runoff changes at Tangnaihai hydrological
station, based on her conclusion and analysis of study progress on runoff change in
source areas. Guo Changgang, et al (2007), by using meteorological, hydrological
information of Maduo hydrological station in the source area of the Yellow River and
those along the Yellow River in 1955~2005, has an analysis of the evolution with
regard to surface water resources, climate and permafrost in the region. He believes
that it is frequent for wet-dry transforming of flow in the Yellow River source, the
flow trends downward since the 1990s in the source area, and annual flow distribution
behaves as single-peak type. Li Lin, et al (2004), by using hydrological data of
Tangnaihai Hydrological Station and meteorological data in 1961-2002, studies the
impact of climate change on the upper reach of the Yellow River and on surface water
resources. The results show that annual flow in the upper reach of the Yellow River
trends downward by years, more sharply since the 1990s.
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Figure 3.2 Annual Flow Distributions in Source Area of the Yellow River

In domestic studies, it has not been agreed on reasons resulting in the reduction in
runoff, but most people believe that rainfall trends to decrease. Liu Xiaoyan et al.
(2005) believes that precipitation mainly triggers runoff change; rainfall change in
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different regions, seasonal rainfall change and precipitation intensity change may lead
to the reduction of runoff; underlying surface of source area experiencing change may
affect the relationship between rainfall and runoff, but it is still difficult to identify the
extent which both climate change and human activities pose impact on underlying
surface change. Xie Weichan et al. (2007), through an spectral analysis method,
believes that in the late 1980s, runoff reduction in source area of the Yangtze River
and the Yellow River runoff is mainly triggered by the reduction of rainfall of those
areas. Chang Guogang et al. (2007) believes that rainfall in source area poses
significant impact on flow, featuring certain continuity; Temperature rising
significantly in source area of the Yellow River has a much more impact on the
reduction of flow replenishment resulted from increased basin evaporation than the
replenishment of snow and ice melt water resulted from it. Zhou Degang et al. (2006),
through an analysis of climate change characteristics in source area of the Yellow
River source from 1960 to 2000, estimates the evaporation, analyzes changes in
vegetation and permafrost and explores the causes resulting in the significant runoff
reduction after the 1920s. He believes that the reduction in runoff of the Yellow River
source area is directly caused by the reduction in precipitation; the weakening of
precipitation intensity after the 1990s may also be an important cause. Shi Fucheng et
al. (2005), through an analysis of the relationship between precipitation and runoff in
source area as well as another analysis regarding the comparison between
flood-season runoff and annual runoff of Weihe River, Yiluo River and Qinhe River
in the middle reaches in 2003, believes that smaller runoff should relate to many
factors such as lasting small rainfall, few storms which are above certain scale,
increased temperature and increased evaporation. Lan Yongchao et al. (2006)
analyzes the change course and characteristics regarding water cycle factors such as
rainfall, temperature and runoff over several decades in the upper Yellow River. He
believes that water contribution volume in the upper Yellow River trends to decrease
gradually due to the impact of rainfall reduction and temperature rise in main water
contribution area.

Zhang Shifeng, et al (2004), however, believes that the reduction of runoff is
mainly triggered by the increase in evaporation; Since the runoff in source area has a
favorable correlation to runoff of all hydrological stations in the upper reach, the
reduction of runoff in source area may lead to a drop of water inflow in the upper
reach, further affecting water supply and demand of the whole river basin. Lan
Yongchao, et al (2006), by using observational data regarding rainfall and runoff of
relevant stations, has an analysis of wet-dry change characteristics of runoff during
flood season in the upper reach and its circulation background. He believes that either
wet section or dry section in the upper reach (above Tangnaihai) occurs alternatively,
dry duration is generally longer than wet duration. A complete wet-dry cycle is
around 18 a. The wet-dry runoff in the upper reaches relates closely to the abnormity
of atmospheric circulation.

Annual average runoff in the Yellow River source area is 20.5 billion m®. Average
natural runoff of Tangnaihai station in the 1990s was 17.6 billion m®, a reduction of
15 percent below annual average value. The Yellow River source area is the main
contributing region of the Yellow River, nearly 40% of the total runoff comes from
the Yellow River source area, so it is also known as the "water tower". The Yellow
River source area is located in alpine region where there is little impact of human
activities and it is particularly sensitive to climate change, so many studies focus on
the runoff of the Yellow River source area. Some studies suggest that climate change
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plays an essential role to trigger the reduction of natural runoff in the Yellow River
source area [LAN Yongchao, 2006]. Although since the 1990s precipitation in the
Yellow River source area has decreased by 5%, but precipitation intensity has
decreased significantly, soil infiltration has increased, which leads to the decline of
flow contribution; the significant rise in temperature in the Yellow River source area
over the past 50 years has caused at least 4% runoff loss (Wang SW 2002; Ding YH
2002, Li. 2002). The precipitation in the upper reach since the 1990s has decreased to
some extent. Huang Ronghui, et al (Climate Change and Environment, 2006) in his
study believes that a marked increase in temperature gives rise to a sharp reduction of
runoff in the Yellow River source area and the upper reach, and the increase of
drying-up days. The water inflow quantity from the upper reach is an essential factor
to affect the water resources in north China.

( 2) Glacier Permafrost and Wetland

Glacier permafrost is a reserve for Yellow river water resources. The majority of
scholars believe that the permafrost in source area has an evident degradation trend.
Chang Guogang et al. (2007) believes that permafrost in the Yellow River source area
behaves in a significant degradation trend, permafrost thickness is generally in a
positive correlation to flow, its increasingly reduction weakens its role as a natural
impermeable layer. Based on the data analysis regarding Normalized Difference
Vegetation Index (NDVI), Zhou Degang et al. (2006) believes that the vegetation in
the late 1990s was in degradation trend, a clear degradation trend in permafrost can be
seen since the 1980s, the degradation of vegetation permafrost may result in a drop of
water level at frozen crust, an increase of soil water leakage to a lower layer and a
reduction of runoff. Cao Wen-bing et al. (2006) believes that overall permafrost
degradation trend in the Yellow River source area behaves as follows: continuous
permafrost zone for many years is turned to a discontinuous permafrost distribution
zone, the status of rich in frozen soil is gradually turned to a status where both dry
permafrost and seasonal thawing depth increase, and the elevation of permafrost
lower bound rises. Pan Jinghu et al. (2005), through an analysis of land use in the
Yellow River source area from 1986 to 2000 and temporal and spatial variation
characteristics regarding landscape structure, reveals that woodlands, wetlands,
grasslands and glaciers area in the source area shrinks, but construction land,
cultivated land and unused land area all increase significantly, and the comprehensive
land use drops.

( 3 ) Glacier and Snow Cover

Retreat of glaciers is an evidence of global warming. According to statistics, 82%
glaciers in Western China are rapidly shrinking. Glaciers in the Yellow River source
area are mainly distributed in Animaging Mountains and Bayankala Mountain. The
former is located in the East Kunlun Mountains of Qinghai-Tibet Plateau, serving as
an important glaciers zone, its mountain ranges in 34°20' N to 35° N, 99°10' E to 100°
E, totaling 58 modern glaciers distributed, covering an area of around 125km?.

Analysis of temperature, precipitation data in the source area in recent 50 years
indicates that temperature in source area continues to rise, precipitation decreases
significantly, climate generally trend toward warming. Such a change results in
accelerating the melting of glaciers, broad degradation of permafrost, water reduction
in lake and marshland, and degradation of grassland. Glacier area in the source area in
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1966-2000 years reduced by 17% (Liu Yin et al.), and annual reduction ration is ten
times over that in hundreds of years before 1996; glacier water loss amounts to 2.39
billion m®, equivalent to around 10% of annual average runoff at Lanzhou section.
Due to the impact of climate change, permafrost degradation, damage by wild rat and
heavy grazing, the grassland ecosystem experiences a significant change, for example,
coverage in overall decreases, “Black Beach™ and land desertification expands rapidly.
Main stream in the source area since the 1990s has stepped into a strong dry season,
water resources volume has decreased to some extent, which exacerbates shortage
extent of water resources in the middle and lower reaches of the Yellow River.

Table 3.1 Glacier Area Change in different period for typical glacial action
region in the Yellow River (Liu Shiyin et al.2002)

Time Glacial area  Areachange Change ratio
(km?) (km?) of area (%)

Last Glacial Maximum 391.6

Maximum of the Little Ice Age 147.8 -243.8 -62

1966 125.5 -17.5 -15.1

2000 103.8 -22.74 -17.3

3.2 Middle Reach

The middle reach of the Yellow River is an most important sediment source area
where ecological environment is fragile, human activities are strong, so the study on
runoff change should focus on the coordination between water and sediment

(1) Water and Sediment Change

Similar to the reduction trend regarding water inflow in the upper reach, water and
sediment in the middle reach is generally in reduction trend. Annual analysis shows
that precipitation, runoff and sediment transport is relatively concentrated. XU
Jiongxin (2004) in his study believes that runoff renewable indicators in the interval
from Hekouzhen to Longmen are in reduction trend. Rao Suqgiu et al. (2001) have an
analysis on changes characteristics of water and sediment in the middle reach
generally. She believes that since the 1950s water and sediment in the middle reach
has decreased year by year, most significantly in the 1980s and 1990s. 1990s is the
decade during which gross runoff in the upper and middle reaches was the least, but
sediment transport were higher than that in the 1980s. Yin Guokang (1998) believes
that annual precipitation, runoff and especially sediment transport in the coarse sand
area are very concentrated. Erosion-yielded sediment in four months during flood
season accounts for more than 97% of the whole year, while sediment yield is often
concentrated in several heavy rainfalls. Through an statistical analysis of measured
data for 75 floods occurring at Hekouzhen-Longmen section during nearly 40 years
from 1950 to 1999, Gao Guofu, et al. (2002), believes that, differing to spatial and
temporal distribution in the upper reach, that at Hekouzhen-Longmen reach is
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concentrated in 7-8 months, of which 67% of them concentrated in July 15 to August
15, commonly known as "Qi Xia Ba Shang" in Chinese (last tend days of July and
first ten days of August) .

( 2 ) Reasons

From the perspective of climate, Yu Shugiu (1996) applies T test method to have
an analysis of rank order regarding droughts and floods in the middle reach of the
Yellow River in summers (May to September) from 1470 to 1991 (5 September) . The
results show that: there are two sharp changes in regional climate with about 100-
year scale, one is before and after the 1750s (drought to flood), another is in the early
1860s (flood to normal). Wang Yunzhang et al (2004), by using drought-flood grade
in the river basin and partial tree-ring data, reconstructs drought index sequence in the
middle reach since 1575, analyzes the historical law and change trend regarding
drought. He believes that:  drought change by stage significantly, for example, it has
experienced roughly six drought phases and 5 non-drought phases in recent 429 years.
The probability for special drought, heavy drought at drought phase is respectively 3.3
times and 2.1 times over at non-drought phase, while probability for flood and
non-drought at non-drought phase is respectively 6.5 times and 1.8 times over at
drought phase; drought change also has a significant cyclical characteristic, the
main cycle lengths are 5,7,22.5,32,55,69 and 123 years. Wang Canggao (2004), based
on drought index series in each quarter in the middle reach of the Yellow River,
analyzes drought frequency and change characteristics. He believes that the
probability of drought occurring in the middle reach is high, the probability at which a
drought occurs or not in early summer and autumn is roughly 7:3, and 6:4 in
midsummer; special drought occurring in three consecutive quarters can be seen in
1997 since 1995, no flood occurring in three consecutive quarters but in two
consecutive quarters is found. Drought probability increases with age, for example,
probability of special and heavy droughts in summers from 1986 to 2002 is three
times over previous periods, autumn drought index has maintaining at a high level,
and autumn floods does not occur fundamentally.

From the perspective of vegetation cover, Liu Changming (2004), based on
hydrological station information regarding rivers with different forest covers and
flowing by Ziwuling and Huanglong Mountain in Loess Plateau, establishes equations
regarding the relation between forest rate and annual runoff in small and
medium-sized river basins, uses inverse problem calculation to seek the quantitative
relationship between river runoff and forest cover. He believes that in a given river
where measures as returning farmland to forests and enclosure are implemented, if
future forest rate will get close or up to 100%, the annual runoff will be reduced by
30%~53%. XU Jiongxin (2004) in his study believes that the implementation of water
and soil conservation measures has accelerated evaporation and transpiration,
temperature rise has accelerated evaporation, thus leading to the drop of runoff
renewable indicator at Hekouzheng-Longmen reach.

In the middle reach of the Yellow River, especially in the Loess Plateau are the
most important Yellow River source area, about 80% sediment created from the
region. Since the 1980s, the human activities have become strong (Zhang Shengli et al.
1996; Chen Jiangnan, 2004); ecological environment has become fragile. Therefore,
the study of the middle reach of the Yellow River shall mainly focus on how to assess
the impact of climate change and human activities on runoff and sediment. A
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large-scale water and soil conservation has been carried out in the middle reach of the
Yellow River, water and sediment inflow at Hekouzheng-Loangmen reach has been
reduced since the 1970s, and reduced drastically since the 1980s. Compared to annual
average value from 1950 to 1969, runoff of Hekouzheng-Loangmen reach in the
1980s reduced by as much as 36.15x10°m?, and sediment load reduced by 6.2325x
10%. Water and sediment change in the middle reach is caused jointly by climatic
variations and human activities. So it is essential to identify the roles of climate
change and human activities in the reduction of water and sediment. Study on water
and sediment change in the middle reach mainly focuses on Hydrological approach
and water resources conservation approach. Chen Hao, et al. (Geographical Studies,
2002), based on this, develop an elements approach regarding geographical
environment to analyze water and sediment change and causes. He believes that the
runoff and sediment load relate closely to the impact of geographical environmental
factors. Since the 1970s, the role of rainfall by which water and sediment are reduced
has been weaken continuously; with the improvement of water and soil conservation
measures, the proportion of water and sediment erosion reduced by human activities
continues to rise. In the 1970s, average water and sediment reductions due to climate
fluctuation and human activities were 53.4%, 28.6% respectively, and in the 1980s
were 46.6% and 71.4%. Wang Guoging, et al., has an analysis of the impact of
climate change and human activities on the runoff in the middle reach of the Yellow
River. The results show that from 1970 to 2000 human activity played a primary
factor in reducing runoff, the impact of climate change and human activities on the
runoff accounts for 38.5% and 61.5% of the total reduction respectively.

3.3 Lower Reach

Related studies (Liuguo Xu, 2002) shows that in Pre-Qin period, a large number
of branches was formed at alluvial plain in the lower reach of the Yellow River, and
also in the forefront low-lying land in the alluvial fan and between rivers, natural
lakes were well developed, according to statistics in Pre-Qin Dynasty, there were
about 40 lakes of different sizes. It can be certain that there are many omissions in the
documentation and it is geographically uneven. In Han and Tang Dynasties, natural
factors that affected the distribution of lakes changed slighty. Natural lakes in Pre-Qin
Dynasty remained basically at that period. In “Shui Jing Zhu," more than 500 lakes
are recorded, of which over 190 lakes are located in the Huang-Huai-Hai Plain. After
Tang and Song dynasties, lakes in the Huang-Huai-Hai Plain experienced a significant
change, and a large number of lakes were silted to flat land. Large-sized lakes
recorded in "Shui Jing Zhu", such as Dalu Lake in Hebei Province, Daye Lake and
Heze Lake in Shandong Province, Putian Lake and Huang Lake in Henan Province,
have now completely disappeared, some only remains a very small portion.

At present, runoff change in the lower reach of the Yellow River relates closely to
water inflow from the upper reach, middle reach and major branches. Liu Changming
(2004), based on data regarding annual average rainfall and natural runoff depth in
drainage basin above Huanyuankou, believes that since the 1960s, water cycle
elements have trended downward. As for annual runoff coefficient above
Huayuankou, 1968 is regarded as the boundary to divide data during 1952-2001 into
two stages, at which runoff coefficients are 0.185 and 0.168 respectively. He also
believes that under the impact of climate change and land-used cover change, the
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runoff coefficient decreased by around 9%, resulting in annual runoff reduction of
around 5.6 billion m®

Yellow River flow entering into the sea is calculated by using the runoff measured
at Lijin hydrological station to deduct industrial and agricultural water below Lijin.
Annual flow entering into the sea in 1956 to 2000 is 31.32 billion m?, of which, in
1956~1979 is 40.98 billion m?, in 1980~2000 is 20.27 billion m® (nearly 50% below
that in 1956~1979). Yellow River flow entering into the sea generally trends
downward, which is caused by the continuous reduction of natural water inflow on the
one hand, and continuous increase of national- economy water on the other.

Drying up in the lower reach of the Yellow River began in 1972, accelerated since
the 1990s. In 28 years from 1972 to 1999, drying up in the lower reach occurred
accumulatively for 22 years, on average, 4 times per 5 years, 1092 days accumulated;
in addition, 50 days a year. In 1997, the runoff measured at Huayuankou was a dry
year only next to that in 1928, with drying up duration of 226 days and length of
704km, which created a historical record of the Yellow River (Guan Huan, 2001;
Zhang Xuecheng, 2006).

Ecological environment status in the Yellow River Basin relates closely to water
resources. With the sharp drop in natural runoff, water demand by rapid
socio-economic development in the Yellow River continues to rise, the contradiction
between them have become increasingly sharp. Meanwhile, substantial water for
ecological environment is diverted; water flow entering into the sea drops sharply
(Figure 3.3). Reduction of the flow and even drying up may result in seriously shrunk
channels in the lower Yellow River and rapid development of secondary Suspended
river, which not only increases the possibility of "burst" and "break™ of embankments,
but leads to the shrinkage of wetlands, deterioration of water quality and damage with
biodiversity. According to statistics in the 1990s, due to the drying up in the lower
Yellow River, estuary vegetation area have decreased by almost half, fishes reduced
by nearly 40%, birds reduced by 30%. Since 21% century, water allocation,
water-sediment regulation have alleviated to some extent the environmental issues in
the lower reaches and at estuary regions, however, functional drying up as well as
ecological environment issues at river basin level are far from being addressed.
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4 Study on Impact Mechanism

4.1 Analysis of Causes

Study on the Mechanism regarding the impact of climate change on Yellow River
Water Resources mainly focuses on basic law of climate change, causes analysis of
drought and flood events, identification of the impact of climate change and human
activities on water resources and so on.

There are many studies relating to the drought and flood events and their causes.
Wang Yunchang, et al. (Yellow River, 2004) , based on drought and flood grade and
partial tree-ring data, reconstructs drought index sequence in the middle Yellow River
since 1575, analyzes the historical law and change trend with regard to drought. Ma
Zhuguo, et al. (Journal of Geography Science, 2003), uses monthly precipitation and
average temperature in 1951-2000 to construct surface humid index reflecting surface
wet and dry status in North China. He believes that over the last 10 years, extreme
drought frequency in North China has increased significantly, a rare period in which
high-intensity wide-range extreme droughts occurs frequently in the past century, at
the same time, the frequency of extreme wet relatively decreases; a frequent
occurrence area of extreme drought is always corresponding to a significant warming
area, whether the increasing frequency of extreme drought relates to regional warming
requires a further study. Ye Duzheng et al. (Ye Duzheng, Huang Ronghui, et al.
Study on Drought and Flood Laws and Causes in the Yangtze River and the Yellow
River. 1996), based on his analysis of drought and flood change in the Yellow River
over a hundred years, points out that since 1965 the Yellow River has experienced
continuous drought, and since the 1990s, the drought has been accelerated. He also
reveals the main circulation factors affecting the drought and flood in the Yellow
River and their corresponding relationships. According to historical data and tree-ring,
Liu Xiaodong et al. (2002), reconstructs precipitation sequences over 400 years,
studies the probable change of rainfall in the Yellow River under global warming,
points out that higher (lower)global average temperature corresponds to some extent
to lower (higher) annual precipitation in the middle reach of the Yellow River.

Many important results have been yielded through the study on physical climate
causes of large-scale precipitation occurring in the upper Yellow River under global
warming. Through an analysis of atmospheric physics field change resulted from
abnormal sea surface temperature, it reveals many important facts that the ocean-
atmosphere system poses impacts on spatial and temporal distribution of precipitation
in China, explores the impact of winter and summer monsoon on the precipitation in
flood season in Qinghai Plateau and Northwest China (Zhang Cunjie, Plateau
Meteorology, 2002). Some studies suggest that global warming gives rise to the
weakness of summer monsoon in Northwest China, decline of southerly winds and
increase of northerly winds in August, in addition to a drying trend. Affected by it,
main contribution area of the upper Yellow River (Jimai-Maqu reach) continues to
decrease in precipitation, which is one of major causes resulting in lasting drop of
natural water inflow of the upper Yellow River over 10 years(Zhang Guangzhou et al.
Journal of Xinjiang Meteorology, 2000). The precipitation change in the upper
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Yellow River behaves in periodicity, mainly affected by celestial bodies movement
and sunspot strength changes, change cycle of subtropical high ridge location, and
amplitude variation cycle of polar migration (Yang Jianping, Journal of Desert
Research, 2005)

In studies of the impact of climate change in the Yellow River on water resources,
it reveals that it is affected jointly by climate change and human activities. Xia Jun et
al. (Journal of Geography Science, 2003), based on system theory method, has
analysis of regulation of water resources volume in Yellow River trunks, and believes
that serious drying up is mainly triggered by human factors; Since the 1950s, the trend
composition change regarding natural annual runoff sequence well corresponds to the
development and utilization of land and water resources that are one of the main
causes to advance the evolution of river runoff (Jiang Xiaohui et al. Natural Resources
Journal, 2003). Liu Changming (Advance in Water Science, 2004) points out that
rainfall over 50 years in the Yellow River above Lanzhou have decreased by 5%~
10%, correspondingly, runoff decreased by 15% to 20%. The extent at which runoff
decreases is greater than that of precipitation, which is likely caused by underlying
surface changes; under the impacts of climate change and land-cover change, runoff
coefficient reduced by about 9%, resulting in annual runoff reducing around 5.6
billion m®, Wang Xigin et al (Journal of Natural Resources, 2006) believes that since
the 1980s the impact of human factors has gradually increased, because human
activities leads to the reduction of surface runoff. Zheng Hongxing et al. (Advance in
Geographic Science, 2003), however, holds another view that a large change in annual
runoff distribution in the 1990s occurred, especially in the reduction of flood runoff,
to which climate change is a major cause; in river source area, especially in some
drought and alpine regions where it is not easy to carry out the construction of
ecological protection, the vegetation coverage trends downward (downward rate about
0-3.0% a year).

4.2 Simulation Technology

The Large-scale AOGCMs is now most credible for future climate prediction. The
study on future climate simulation prediction in the Yellow River is dominated by
prediction results based on climate model, but also some subjecting to comprehensive
analysis and conclusions. It is generally believed that in the next few decades, or even
in 100 years, global warming will continue to rise, precipitation may increase in a
slight extent, meteorological droughts and floods may increase to some extent.

Climate change assessment model based on climate models and hydrological
models can also be applied in the study of impact of climate change in the Yellow
River. Xu Ying et al. (Zhao Zongci, Xu Ying, 2002; Xu Ying, 2002; Zhao Zongci, et
al. 2003; Ding Yihui, Xu Ying, 2003) (Xu Ying, 2002; Ding Yihui, Xu Ying, 2003),
by using seven global model simulation results provided by IPCC, further calculate
the change regarding temperature and precipitation in 10 major river basins of China
in 21st century, of which temperature and precipitation in the Yellow River is
generally in upward trend (Table 4.1~4.2), but before 2050, precipitation will increase
only by around 5%, temperature will rise by nearly 3 , which may lead to the
reduction of the Yellow River water resources. Of course, it requires more deep study
due to big uncertainty existing in applying global climate model in regional scale
simulation.
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Table 4.1 Prediction of Annual Average Temperature in the Yellow River in 21%
Century Based on Global Model (Unit: )

2020 2050 2070 2100
SRES-A2 1.3 2.8 4.7 5.9
SRES-B2 1.5 2.7 3.7 4.1

Table 4.2 Prediction of Annual Average Rainfall Change in the Yellow River in
21° Century Based on Global Model (Unit: )

(Unit: %)
2020 2050 2070 2100
SRES-A2 -1 4 9 12
SRES-B2 0 5 8 11

Xu Yinlong et al. (Advance in Climate Change Study, 2005), use regional climate
model system (PRECIS: Providing Regional Climates for Impact Studies) to have a
downscaling calculation of SRES A2 B2 as provided by IPCC scenarios. The results
show that it is more in North China and Northwest China by the end of 21st century, so
warming trend is very clear. Zhang Yong et al. (Journal of Natural Disasters, 2006),
having a study by the aid of SRES B2 scenario of PRECIS nested one-way global
coupled ocean-atmosphere model HadCM3, points out that heavy rain and storm
events in the Yellow River in 2080 trends upward, and the distribution of annual
average largest precipitation events is fundamentally in consistent with heavy rain
events.

Shi Yafeng et al. (Quaternary Research, 2003), through a comprehensive
analysis of climate change in Northwest China, believes that the east of Northwest
China including the upper Yellow River is potentially in warming and wetting trend,
but it is difficult to identify specific time. Some scholars believe that, in the next few
decades, runoff in the upper Yellow River is generally in downward trend (Liu
Changming, Journal of Natural Resources, 2003). Some scholars, however, also
believe that as global warming gives rise to the strengthening of water cycle, the
increase of marine and terrestrial evaporation, the increase of atmospheric moisture
content, as a result, precipitation in general increases. Zhang Feng, et al. (Science in
China (E series), 2004) believes that Northwest China in the 21st century will
continue to warm, water cycle will evolve as the increase of evaporation and the
further decrease of runoff.

4.3 Responsive Mechanism

Many scholars carried out studies on water resources system in response to
climate change. In give multiple GCMs model and hydrological models, it is
predicted that in 2030 runoff in the Yellow River on the whole decrease, and water
shortage in the basin caused by climate change is -1.9~12,120,000,000 m3(Liu
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Chunzhen, 1997). Based on GCMs results of IPCC DDC 13 series and large-scale
hydro-simulation results, in the next 100 years, warming trend in Yellow River source
region is expected to be in consistent with global warming. Temperature will continue
to rise, evaporation will be enhanced apparently; in spite of the increase of
precipitation, future climate change in sum is expected to cause the reduction of water
resources to some extent; meanwhile, inter-annual distribution of water flow is
expected to be more and more uneven, drought and flood will become increasingly
aggravated. (Hao Zhenchun et al. Glaciology and Geocryology, 2006). Bao Weimin et al.
(2000) , based on HadCM3 climate model, in combination with large-scale basin
model with regard to freeze-up, snow melt and run-off variable coefficients, believes
that runoff above Anningdu in the upper Yellow River in 2030 will increase, its water
flow will be affected significantly by area ratio above snow line. Zheng Hongxing
(2000), based on "greenhouse gases plus sulfide aerosol" program, applies CGCML1,
ECHAM4 and HadCM2 models as well as BP neural net algorism for prediction. The
results show that the precipitation in the Yellow River above Lanzhou in the next 100
years will be reduced by 20%, and average temperature in 2020, 2050 and 2080 will
rise by 2 to 3, 3 to 5 and 5~8 ; under different climate scenarios, runoff change
differs greatly in different time and different intervals, but overall, runoff is expected
to decrease.

In short, studies on the impact of future climate change in the Yellow River have
developed to some extent, but great uncertainty exists; in addition, less studies, with
incomplete study approach, focus on the impact of future climate change on extreme
events, most of which use the increase/decrease of average precipitation to predict
future trend regarding droughts and floods. It is generally believed that that future
temperature will rise significantly, precipitation increase slightly, the increase of
precipitation being consumed by the increase of evaporation will result in the
reduction of runoff, if so, water resources crisis in the Yellow River will be more
serious.

5 Trend Analysis

5.1 Trends in Climate Change

Xu Ying et al., by using seven global model simulation results as provided by
IPCC, further calculates the change regarding temperature and precipitation in 10
major river basins of China in 21st century. It is found that temperature and
precipitation in the Yellow River is generally in upward trend. Before 2050,
precipitation will increase only by around 5%, and temperature will rise by nearly 3
which may lead to the reduction of Yellow River water resources.

5.2 Change Trend of Water Resources

Many studies focus on the impact of future climate change on Yellow River water
resources, but great uncertainty exists. Shi Yafeng et al. (Quaternary Research, 2003),
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through a comprehensive analysis of climate change in Northwest China, believes that
in the west and middle of Northwest China since 1987, both precipitation and river
runoff have increased significantly, climate have turned evidently from warming dry
to warming wet.

Signs of mild transformation in some areas exist, for example, in the east of
Northwest China including the upper Yellow River in the next ten years will be
always in either drier period or low flow period, but which may have been in the
bottom, so it has a potential to trend toward warm and wet; however it is difficult to
identify a specific time. Some scholars believes that, in the next few decades, the
runoff in the upper Yellow River will be generally in downward trend under global
warming (Liu Changming, Journal of Natural Resources, 2003). Some scholars,
however, also believes that as global warming gives rise to the strengthening of water
cycle, the increase of marine and terrestrial evaporation, the increase of atmospheric
moisture content, as a result, the precipitation in general will increase.

Many scholars have carried out the research of water system in response to
climate change. Some scholars adopt GCMs model and hydrological model to predict
that runoff of the Yellow River in 2030 will decrease, besides, they reach a conclusion
that water deficit as a result of climate change will be 1,900,000,000~12,120,000,000
m3(Liu Chunzhen, 1997). Xia Jun et al. (Xia Jun, et al. Journal of Wuhan University
(Engineering Science), 2005; Ye Aizhong, Journal of Wuhan University (Engineering
Science), 2006), focusing on the issue regarding the impacts of climate change in the
Yellow River Basin on water resources volume, combines systematology with
physical mechanism to establish a distributed time-variant gain model, which to some
extent solves the problem of hydrology in the regions without data. The model also
proves in the Yellow River that climate factors influences greatly the course of
hydrology, and increase in precipitation by 10% exerted greater influence on runoff
than the impacts of decrease by 10%. Wang Guoging et al. (Meteorology Journal of
Henan, 2000) analyzes the response of hydrology in the upstream of the Yellow River
to climate change based on the supposed climate program and monthly water balance
model, and gets a conclusion that the change in precipitation has a great impact on the
hydrology of the upper reach, while change in temperature exerts a relatively small
impact; Changes of runoff and soil moisture in response to climate change in flood
season is greater than that in non-flood season; in terms of regional distribution, the
middle reach is more sensitive than the upper reach to climate change (Wang Guoging
et al, the Journal of Applied Meteorology, 2002). Hao Zhenchun et al.(2006, Journal of
Glaciology and Geocryology), by using climate models results and a large scale
distributed hydrologic model, assesses water resources of the Yellow River source
region in future. According to 13 series of GCMs results yielded from IPCC DDC, in
the next 100 years, the trend in the Yellow River source region will be coherent to
global warming, temperatures in the future will continue to increase, evaporation will
significantly increases even with the increase in precipitation, the future climate
change to a certain extent will cause the reduction in the volume of water resources as
a whole; in addition, the inter-annual distribution will be more and more uneven, the
threat of severe droughts and floods will become severe. Zhang Guanghui
(Geographic Research, 2006), based on the HadCM3 climate models, analyzes the
average natural runoff changes of the Yellow River for years in different climate
change scenarios: under the A2 scenario from 2006 to 2035, 2036 ~ 2065, 2066 ~
2095, the average natural runoff changes will be respectively 5.0%, 11. 7%, 8.1%,
under B2 scenarios, those will be 7.2%, -3.1%, 2.6%. Most of the Seven models,
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including GFDL, GISS and others, in combination with the analysis of large scale
basin model which took factors of frozen and snow, run-off variation into
consideration, showed that in 2030 the runoff above Anningdu in the upper reach of
the Yellow River will increase, which will be affected remarkably by area ratio above
snow line (Bao Weimin et al. 2000). The study also shows that the runoff yield in the
Hekouzhen-Longmen region of the Yellow River will decrease by 2.13% on average
(China Climate Change Country Study, 2000). In the "greenhouse gases + sulfide
aerosol " program, predicted outcomes, through the method of BP neural network
algorithm, based on the use of CGCM1, ECHAM4 and HadCM2 model, are: in the
next 100 years, precipitation in the region above Lanzhou in the Yellow River will be
reduced by 20%, average temperature will rise in 2020, 2050 and 2080 by 2~3, 3~5
and 5~8 ;

River runoffs at different time and regions under different climate schemes are
different, but overall, the runoff will decrease (Zheng Hongxing, 2001). Some
scholars maintain that in the next few decades, under global warming, runoff in the
upper reach of the Yellow River will take on a decrease trend; while other scholars
believe that strengthening of the water cycle and increase in ocean and land
evaporation and moisture content in the air caused by global warming may increase
general precipitation (Wang Guoging et al. 2002; Bao Weimin,2000; Lan Yongchao,
2004; Liu Changming, 2003). Through an analysis of environment and climate
change in the Northwest, Shi Yafeng found that both rainfall and run-off in the west
central region of the northwest increase significantly and climate has taken on a
transition from warm dry type to warm and wet type since 1987.

5.3 Change Trend of Evaporation

Compared with study on precipitation, runoff and temperature changes, there is
less study on the evaporation of the Yellow River and there is big dispute on impact
of climate change on evaporation. Li Lin et al. (2000) analyzes change trends of
climatic factors in the upper Yellow River, including evapotranspiration, sunshine
duration, temperature, air saturation deficit, focusing on the impact of these factors on
evapotranspiration. The results show that evapotranspiration in the upper Yellow
River has increased year by year. By analyzing hydrological change pattern in the
Yellow River source region, Zhang Shifeng et al.(2004) believes that because of
continuous growth of temperature in the northwest, the increase in evaporation will be
the trend of water cycle in the 21st century. Shi Zhonghai (2006) establishes a simple
and practical evaporation estimate formula of exponential type and analyzes the
influence of temperature change on evaporation capacity of river basin: evaporation
capacity in the Yellow River increases by 5.0% to 7.0% when temperature increases
by 1 ; In terms of geographical distribution, change in the middle reach of the
Yellow River is the biggest, followed by the upper reach and the lower reach. Increase
in region from Hekouzhen to Sanmenxia City is most significant (Table 5.1). Based
on the data of pan evaporation of D 20cm from 1961 to 2000 in 123 weather stations
in the Yellow River and its surrounding, Qiu Qinfa (2003) analyzes the climate
change trend of evaporation capacity of pan evaporation. His research proves that
evaporation capacity of pan evaporation takes on a decline trend in the upper reach
and the lower reach of the Yellow River, while the middle reach shows a slight
upward trend. Zhang Zhaohui (2006) has a calculation of potential evaporation of the
Yellow River at different stages in future (Table 12). Scenario A2 represents that
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population growth speeds up and economic development slows down. Scenario B2
indicates that technological progress is relatively slow, but technological innovation is
stressed. The study believes that evaporation from 2006-2095 will increase.

Table 5.1 Evaporation Capacity Change When Temperature Changes By
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Table 5.2  Annual Average Potential Evaporation under Different Scenarios
for Each Sub-Region (mm)

Reach A2

1961~1990 = 006-2085 2036-2065 2066-2099
Source-Guide 668.8 706.0 765.0 874.3
Guide-Lanzhou 835.7 871.4 929.7 1026.6
Lanzhou-Toudaoguai 944.7 1003.2 1063.3 1167.4
Toudaoguai-Longmen 991.7 1036.5 1091.4 1200.5
L.ongmen-Huayuankou 1033.0 1081.5 11443 1270.3
Huayuankou-Lijin 1035.0 1154.4 1267.9 1536.5
Reach B2

1961~1990 0062035 2036-2065 2066-2099
Source-Guide 668.8 732.1 765.4 810.6
Guide-Lanzhou 835.7 918.5 922.5 936.0
Lanzhou-Toudaoguai 944.7 1062.8 1067.5 1100.9
Toudaoguai-Longmen 991.7 1092.5 1098.5 1130.3
Longmen-Huayuankou 1033.0 1149.0 1161.3 1192.9
Huayuankou-Lijin 1035.0 1280.7 1297.6 1355.9

5.4 Change Trend of Sediment

Analysis on sediment change in the middle and upper reaches of the Yellow
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River since 1950 conducted by Rao Sugiu et al.(Rao Suqiu et al. Sediment Research
2001) shows that sediment, on the whole, was reduced year by year in the middle and
upper reaches of the Yellow River, especially in the 1980s and the 1990s. The total
volume of runoff in the upper and middle reaches of the Yellow River in the 1990s
was the least since 1950, but the volume of sediment load increased compared with
that in the 1980s. In the next 10 years, silt in Sanmenxia region of the Yellow River
will be going up. Ren MeiE (2006) believs that in the next 20-30 years, economy in
the Yellow River basin will be prosperous. Water consumption for industries and
cities along the Yellow River will increase significantly, most of which will be
abstracted from the Yellow River, even if irrigation water from the Yellow River will
not increase due to the progress of agricultural and irrigation technology. In addition,
ecological construction in the development of the western region, such as returning
farmland to forests and grasslands, will also need water, so there will be an increase
of demand for water for ecological needs. But the loss of evaporation will increase. In
recent years, tens of thousands of small reservoirs and warping dams have been built
in small tributaries and valleys of the Loess Plateau, among which more than 600
reservoirs have the capacity of more than millions m®. They not only control the
sediment, but also increase water evaporation. In addition, 12 large reservoirs have
been built in the main stream of the Yellow River and another 3 are under
construction, which prolong retaining time of water in the land and also increase
water evaporation loss. Ren MeiE believes that the amount of sediment from the
Yellow River into the sea will be decreasing in the next 20-30 years. Liu Cheng et al.
(2007) maintain that silt reduction in the Yellow River is not a result of precipitation
changes but human activities. Zhao Junxia and others (2001) believes that silt
reduction in the Weihe River is caused by both human activity and climate change.
The impact of human activity accounts for 57.1% of the total amount of decreased
sediment and rainfall 42.9%. By analyzing observed data about more than 21
tributaries with area of over 1000 km? from coarse sediment area of the middle reach
of the Yellow River, Yin Guokang (1998) respectively establishes the rainfall, runoff
and sediment statistical models with a higher accuracy, and also calculates and
analyzes the changes in sediment load, revealing the relative weight of impact of
climate fluctuations and man-made causes on changes in water sediment, among
which climate fluctuation accounts for 48.9%, while the cause of human activity
accounts for 51.1%. Xie Yuting and Xu Zhiwen (1993) make a study and forecast on
impact of human activity and rainfall on run-off and sediment in Zuli River Basin:
from 1990 to 2000, the average annual reduced water caused by human activities was
81,000,000 m®, the sediment was 33,600,000t respectively, accounting for 52.3%,
50.6% of water sediment load in the simulation base year; from 2000 to 2030, the
average annual reduced water caused by human activities will be 1,120,000,000 m®,
the sediment be 46,900,000t, respectively, accounting for 72.3%, 70.6% of water
sediment load in the simulation base year(1955-1969). During the entire forecast
period, impact of precipitation on average annual precipitation accounts for about
10%, and human activity accounts for about 90%; for average annual decreased sand,
impact of precipitation accounts for 20%, and the impact of human activity accounts
for about 80% (Table 5.3 ). A study on Wuding River Basin conducted by Zhang
Shengli shows that compared with the base period of 1956-1969, the average annual
sediment load in the 1970s reduced by 101,510,000 t, accounting for 46.7% the
average annual sediment load of the base period, among which, the reduced amount
of sediment load due to human activities, such as soil and water conservation, water
measures and so on, was 87,740,000 t, accounting for 40.4% of the base period and
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86.4% of actual measured reduced sediment load, the reduced amount due to rainfall
was only 13,770,000 t, accounting for only 13.6% of the actual measured reduced
sediment load; In the 1980s, activities, such as soil and water conservation, water
conservancy measures, accounted for 52.3% of the actual measured reduced sediment
load, rainfall changes 47.7%; in the 1990s (1990-1993), human activity and rainfall
respectively accounted for 55% and 45% of the actual measured reduced sediment
load. Erosion and sediment changes in the Yellow River basin were caused by
multi-factors. You Lianyuan believes that due to the impacts of increased global
precipitation, the long-period change in water and sand (the impact of astronomical
factors), global warming and human activities on the Yellow River, water volume will
be reduced to 2.6508x10'°-3.0508x10" m? in 2050; to the year before and after the
water can be reduced to; sediment load will increase to 1.503x10% if no project is
launched; in case of the development of and reservoirs and dams, sediment load will
decrease to 8.70x10°-7.85x10% (Table 5.4).

Table 5.3. The Proportion of Precipitation and Human Activities Impacts on
Reduced Water and Sediment In Zuli River Basin in Forecast Period of
The Base Year (1955-1969)
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Table 5.4. Water and Sediment Assess Around 2050
in the Lower Reach of the Yellow River

Water inflow  (10® m® Sediment inflow (10%t)
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1 3775 +11.2 +18.3 -101.2 265.08 11.90 +0.95 +0.22 +1.964 15.03
2 3775 +11.2 +18.3 - - 11.90 +0.95 +0.22 -4.3879 8.70
3 3775 +11.2 +18.3 -141.2 305.08 11.90 +0.95 +0.22 -5.224 7.85

Note: Water conservation project 1, 2 and 3 respectively refer to: no new project
is added, develop dam projects in the average pace of past 40 years, develop
reservoirs and dams in the planned pace of the water conservation project

5.5 Extreme Events

Based on drought and flood grades and the relationship of annual ring of parts of
trees with drought index in the Yellow River (Figure 5.1),Wang Yunzhang (2004)
believes that in the next 30 years from 2004, excepting recent years and the mid
1920s when drought remained prevail, most of the rest of year will be marked by
no-drought and flood. By establishing dayly random model, Xu Lirong (2001) proves
that under the climate scenarios with double content of C02, various types of drought
events in the basin will increase and the average frequency of drought will increase by
almost 5.8% (Table 5.5). By the use of Providing Regional Climates for Impact
Studies (PRECIS), Xu Yinlong et al. (Xu Yinlong, Advances in Climate Change
Research, 2005) made a downscaling calculation under SRES A2 B2 scenarios
provided by IPCC, reveling that extreme high-temperature and precipitation events
will increase by the end of the 21st century in China, but extreme low-temperature
events will decrease. Meanwhile, temperature in summer will grow significantly
while precipitation in summer will increase a little in the North and Northwest of
China and the trend of warming will be obvious. Zhang Yong et al. (Zhang Yong,
Journal of Natural Disasters, 2006) uses SRES B2 scenario of PRECIS nested
one-way global coupled ocean-atmosphere model HadCM3 for study, the results
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show that annual average heavy rain and rainstorm will take on an increase trend in
the period of 2080 along the Yellow River; distribution of annual average maximum
daily precipitation is basically same with that of heavy rain events.
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Figure 5.1 Index of Aridity in Summer Half Year since 1990 in the Middle
Yellow River and Extrapolated Curve in the Next 30 Years

Table 5.5 Changes in Frequency of Drought

month Contemporary 2%CO2
Climate
4 57 58
5 50 61
6 63 75
7 59 63
8 56 60
9 59 62

6 Analysis and Conclusion

Based on views of most domestic scholars, it is concluded that:

(1) Since the 1990s, runoff of the Yellow River source region has reduced
substantially and double-peak of annual distribution of runoff in the 1950s-1980s has
been replaced with single peak since the 1990s. There has not been an agreement on
reasons for the reduction in runoff in domestic, but most people think it is mainly
because of reduction in rainfall.

(2) Water and sediment in the middle reach of the Yellow River have shown a
reduction trend and annual analysis indicates that rainfall, runoff and sediment load
are concentrated. The reason is that drought changes significantly at different stages
and probability of occurrence of drought is high in the middle reach of the Yellow
River.

(3)Both number and area of lakes in the lower reach of the Yellow River reduce
significantly and changes in runoff in the lower reach of the Yellow River has a close
relation to water delivery from the upper and middle reaches and key tributaries. On
the whole, the reduction trend of runoff in the lower reaches is obvious.

For the whole basin, surface run-off has reduced significantly in Lanzhou control
section, and natural runoff, surface runoff and groundwater runoff have reduced
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remarkably in Huayuankou control section, and the trend of runoff reduction in the
lower reaches is more obvious than in the upper. Both climatic factors and increased
water consumption due to human activities may be responsible for it.
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from 1982-1999

Water ecological restoration strategies of Binzhou Haihe River basin

Climate factor analysis of Long River and Yellow River source in cold regions flux
fluctuation change

The contrast of Long River and Yellow River historical flood
Pre-assessment of big scale flood disaster loss and influence
Temporal and spatial distribution of rainfall of big scale river basin based on station

Yellow River Basin of climate change on soil erosion and sediment to assess the
impact of the consequences

Yellow River Basin of climate change on water resource to assess the impact of the
consequences

Flood Resources to maintain a healthy life of the Yellow River

A number of views on main tributaries of the Yellow River management and
development

Joint distribution of multi-dimensional calculation method and its application in
hydrology

El Nino events and middle reaches of Yellow River flood rainstorm
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The analysis of relationship between El Nino and Yellow River flood seasion rainfall
Binary mode changes of annual runoff of the Yellow River Study

Binary annual flux evolution mode and its application in Wuding River Basin
Application

Wind erosion of the Wuding River Basin sediment yield the role of quantitative
analysis

Hydrology and water resources of the Yellow River Area Analysis and its change
trend study

Gansu's largest point of order of magnitude of rainfall distribution and its analysis of
rain attenuation index

The change of Huanghuai Hai river basin evaporation and its reason analysis

International Hydrological Program Development and Water Resources Research
System in China

The effect of Hainan State climate change on ecological environment and its strategy
study

Effect of climate change on Yellow River source region water resource

The role of Hekou village reservoir in the lower reaches of the Yellow River flood
control engineering system

Study of coarse production volume in Helong interval six river basins

The influence of Northern area climate change on water resource and pre-assessment
of water resource in 2003

Study of climate change on middle reaches of Yellow River Fenhe situation runoff’

Huangfuchuan watershed runoff and sediment yield mathematical model and water
and sediment analysis

Change of Huangfuchuan watershed land use and ecological security evaluation

Huangfuchuan river watershed management study on the impact of erosion and
deposition change

Six branches of the Yellow River basin distribution of non-point source pollution
status quo

Forty year statistical analysis of climate change in Yellow Huangshui River Valley
and areas around Qinghai Lake and Qaidam Basin

The past, present and future of the sediment of the Yellow River
Major issues of the Yellow River and its strategies

Yellow River drying up of the response to global climate change
Yellow River Ecological and environmental water demand Research

Analysis of flood characteristics Hekou village to Longmen interval
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The ecological environment of the Yellow River area and water resources change
vulnerability analysis

Yellow River flood prediction and flood management
Analysis of Yellow River Huayuankou "05.7" flood "abnormal” situation
Yellow River runoff and the cause of the historical evolution pattern

Over the Yellow River in Lanzhou river flow change on the Yellow River water
resources

Key technologies of Yellow River (region) integrated water resources planning

Impact of Yellow River basin large and medium-sized reservoir water evaporation on
water resources

Analysis of surface water depletion in Yellow River basin
Evaluation of renewable surface water resources in Yellow River basin
Analysis of drought changing climate and vegetation in Yellow River basin

Characteristics of spatial and temporal distribution of droughts and floods in the
Yellow River basin

The renewable change of runoff in interval of Hekou Town to Longmen in Yellow
River basin and its impact factors

Wavelet analysis of sequence change in precipitation in the Yellow River basin
Trend analysis of change of average temperature in the Yellow River basin

Temporal and Spatial distribution analysis of profit and loss of climate mosture in the
Yellow River basin

Trend analysis of sunshine hours change in the Yellow River basin

The analysis of the phenomenon of long-term drought in the Yellow River basin
duirng the turn of the century

Analysis method of Yellow River water conservancy meatures to reduce water and
sediment

Study of Yellow River water rights conversion projects characteristics of water
resources

The water situation and ccountermeasures of ecology of the Yellow River basin
Study of some problems of evolution of the Yellow River basin water cycle

The trend analysis of element change of water cycle in the Yellow River basin
Changes in the Yellow River Basin water resources and the impact of climate change

Changes in the Yellow River Basin water resources and its future change trend
analysis

Natural runoff'in the Yellow River basin and the cyclical features of mutation

Discussion of surface runoff impact on change of Yellow River basin
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Upper and middle reaches of the Yellow River Basin water balance of payments and
the availability of reanalysis data analysis

Climate change pattern and the abnormal characteristics of the Yellow River Delta
over the past forty years

Impact of Yellow River upper reaches rainfall on water resources

Change of Yellow River upper reaches climate and its impact on Yellow River
resources

Climate and hydrological of decadal change of upper reaches of the Yellow River
source region and its effect on water resources in North China

Characteristics of rich and dry change of Yellow River upper reaches and its
circulation background

Vegetation index and climate change research of Maqu county in the upper reaches of
the Yellow River

Change of the Yellow River upper reaches and impact on the surface water

Climate change in the upper reaches of the Yellow River water supply area and
impact on water resources

Climate change of runoff in the Yellow River upper reaches of the main areas and its
impact on water resources with Gaan platea as an example

Analysis of the recent changes in statistical characteristics of tributary of the Yellow
River upper reaches of the main stem

Sensitivity analysis to climate change in the upper and middle reaches of the Yellow
River

Analysis of characteristics change of Yellow River upper and middle reaches and
outlook on future trend

Climate change in Shouqu, Yellow River and its effects on Yellow River
devascularization

Recalling of Yellow River Institute of Hydraulic Research technological development
over the fifty years

Source of Yellow River may devascularization, the main reason is warmer climate
which causes the ecology worsen

The status quo of Yellow River resources management and prospect of dispatching
Yellow River water resources and its family of consistency to deal with
Sensitivity analysis to climate change in runoff area above Yellow River Tangnaihai

Analysis of the lower Yellow River flood sediment erosion and deposition
characteristics on "04.8"

Flood analysis of lower Yellow River reaches on "2004.8"

Lower Yellow River Flood Control and new situations and new problems
Countermeasures
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Yellow River lower reaches transportation of water and sediment and study on
calculation method

Flood control study of indicators of the lower Yellow River

The macro characteristics of the basin factors of the lower reaches of the Yellow
River historical sediment disasters and its relation with human activities

Yellow River flood season and flood characteristics

Change of Yellow River source region water resources and its effect factors
Exploration of reduction of runoff'in the Yellow River source region

Study on degradation of Yellow River source region of the ecological environment
Yellow River source region cyclical change pattern and its effects

The response to climate change of water resources in Yellow River source region

Land use and landscape pattern change in the Yellow River source region and its
eco-environmental effects

The danger of the Yellow River source region
Tributaries of the Yellow River non-point source pollutants emissions estimates NP

In the upper and middle reaches of the Yellow River Water Conservancy and Water
Conservation measures analysis and evaluation of the role of water sediment

Analysis of characteristicsof Yellow River precipitaiton in the surveyed area
Middle reaches of Yellow River sediment yield and changes in distribution

Summary of pattern of coarse sediment concentrated region in middle reaches of
Yellow River sediment

Analysis of origin of coarse sediment in Yellow River middle reaches
Floods in the middle reaches of Yellow River in the past 522 years mutation

Landscape critical phenomena of sediment yield in the middle reaches of the Yellow
River basin

Analysis of sediment transporattion module change in the coarse area of the Yellow
River middle reaches

Analysis of reason of water and sediment change in the coarse area of the Yellow
River middle reaches

Analysis of mutation characteristics of water and sediment distribution in the coarse
area of the Yellow River middle reaches

The impact of governance of Yellow River middle reaches area on Yellow River water
resources

Analysis of cause of sediment flow curve of river water level changes in the Yellow
River middle reaches

Analysis of rainstorm and flood in Fugu, Yellow River middle reaches on 2003-7-30
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Analysis of hydrological characteristics in the interval of Fugu and Wubao in the
Yellow River middle reaches

Evolution patterns of the Yellow River middle reaches droughts and its development
trend analysis

Preliminary analysis of the characteristics of drought in Middle reaches of Yellow
River

Discussion on Calculation Method of middle reaches of Yellow River drought index

Analysis of middle reaches of Yellow River to Longmen range of different strata of
river contribute to the coarse

Comparative analysis of sediment yield of interval of Helong six rivers in the middle
reaches of the Yellow River

Analysis of characteristics of the middle reaches of the Yellow River flood and flood
resources

Analysis of flow characteristics and changes of the Yellow River middle reaches of the
Loess Plateau

Impact of middle reaches of Yellow River basin environmental elements to water and
sediment variation

Yellow River middle reaches characteristics of sediment yield and rainfall relations

Characteristics, problems, and remediation measures of middle reaches of Yellow
River regional geo-environment

Type of summer drought in middle reaches of Yellow River and its circulation
analysis

Frenquency of relation between water and sand in the Yellow River middle reaches

Impact of middle reaches of Yellow River basin bald tail river management on the
evolution of river erosion and deposition

Reflections and countermeasures of tributary of the Yellow River middle reaches of
the Kuye River devascularization

Characteristics analysis of middle reaches of the Yellow River rainstrom which
casues flood

Probabilistic model extreme temperatures in Huanghuai region

Study on probabilistic model extreme temperatures in Huanghuai region
Characteristics and displacement of heavy rainfall of Huang-Huai-Hai
Geographical factors of Hyperconcentrated flows in the Loess Plateau

Review on benefit assessment of water and soil conservation meatures in
Gushanchuan river basin

Plateau climate warming and drying trend and adaptive responses

Plateau major river sediment and sediment yield dynamic simulation
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Small watershed in loess hilly and experimental research on the ecological water

Yellow River Institute of Hydraulic Research State "85" Summary of key project
research results

Huangshui River basin characteristics of climate change and its impact

Kriging Interpolation Based on the Yellow River Basin precipitation pattern of spatial
and temporal distribution

MODIS data based on land-cover change and climate sensitivity factor analysis

Analysis of changes in sediment particle size of the Yellow River based on silt dam
construction

Speed up the construction of the Loess Plateau silt dam

A suggested idea to solve the issue of Yellow River sediment problem-second talk
about "on the next entry, sub-management of the Yellow River"

Dynamic analysis of land desertification of desert loess boundary belt over the past
ten years

Analysis of change of the Yellow River upper reaches water cycle over the past fifty
yvears

Inter-annual trend study on China's six major river basin runoff changes over the past

fifty years

China's major rivers into the sea sediment changes over the past fifty years
The trend of the drought of 500 years of drought statistics

Impact of liquidity of precipitation change and human activities on the Yellow River
into the sea

Impact of the upper reaches of the Yellow River recent climate change on the water
storage of Longyangxia

Analysis of climate change over the past ten years on water and sediment impact of
the middle reaches of Yellow River

Impact of characteristics of climate change on water resources over the past 49 years
in Jinzhong

Kuye River several issues worth exploring

Preliminary analysis of Kuye River water and sediment changes over the years
Research on Kuye River basin rain erosion and sediment yield

Preliminary analysis of Kuye River water and sediment characteristics
Analysis of Kuye River water and sediment characteristics change

Research on runoff change in the Yellow River source region

International comparative analysis watershed management agencies and its
recommendations
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Assess of the impact of the consequences River Valley flood disaster and flood control
situation

Research on rainfall erosion and sediment yield process of the relationship between
water and sediment delivery

Artificial neural network model of basin at an average annual sediment concentration
Adaptive countermeasures of basin ecology
Basin adaptive countermeasures

Direction of research and development and progress of rational allocation of river
basin water resources

Hydrological effects of watershed land use cover change and flood response
Water suppley outside the scope of river basin

Impact of climate change on water resources

On the suspended sediment and river water and sediment transport relations

Characteristics of climate change of sunshine percentage over the past forty years in
the Yellow River basin

West Route South-North Water Diversion Project eco-environmental effects
prediction

West Line South-North Water Diversion project needs to be further answered several
questions

Climate change and mutation analysis over the past century in Ningxia

Direct solar radiation distributed simulation of undulating terrain of the Yellow River
basin

Climate change cause Yellow River source region ecological environment worsen
Impact of climate change on Yellow River source region water system
Impact of climate change on Yellow River runoff

Research of progress of impact of climate change on the Yellow River water resource
system

Research of progress of impact of climate change on the Yellow River upper reaches
water resource system

Analysis of impact of climate change on natural runoff of the Yellow River upper
reaches

Impact of climate change on Yellow River water resources

Impact of climate change on Yellow River water resources Il

Impact of climate change on runoff of the Yellow River source region process
Impact of climate change on runoff of the Yellow River water resources

Analysis of impact of climate change on Huangshui runoff
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Stimulation of impact of climate change on runoff

Impact of climate change on Qinghai ecological environment and countermeasures
study

Impact of climate change on Qinghai ecological environment and countermeasures

Impact of climage change and human activities on the Yellow River over flow during
historical period

Impact of climate change and human activities on the eastern part of environment in
Hexi Corridor and countermeasures

Climate change and Chaobai River water balance stimulation under the influence of
human activities

Assessment methods and tools of adaptive responses to climate change
Yellow River adaptive strategis under climate change

Climate change and a thought on Yellow River devascularization
Impact of climate change on Yellow River ecological environment

Possible change of the Yellow River upper reaches runoff under the scenario of
warming climate

Water resource of Yellow River source region forecast of climate fluctuations and
changes in land cover

Analysis of impact of climate and surface cover on the hydrology in Suomo River
basin

Study on impact of climate and land use change to hydrological water resources
Impact of climate change on the Yellow River basin evaporation capacity

Analysis of impact of Yellow River middle reaches irrigation water and soil
conseervation measures on rainsotrm sediment yield mechanism

Yellow River water resources in Qinghai Province Trend Analysis

Qinghai highest minimum temperature asymmetry change in diagnosis and analysis
Qinghai highest minimum temperature forecasting method

Climate change of Yellow River nearly 40 years of pan evaporation characteristics

Characteristics and patterns of coupling relations of arid mountainous areas, desert
and oasis system in the context of global change

Global warming on the calculation of the impact of regional water resources analysis:
Hainan, Wanquan River as an example

Global climate change on natural runoff of the Yellow River Basin affected scenario
analysis

Research on impact of global climate change on China's freshwater resources and
their vulnerability
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Global warming, the Yellow River Basin under the conditions of possible changes in
precipitation

Global climate warming and drying of the river north and south of the Qinling the
impact of runoff and sediment study
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kPt (D) — R PE ORIETD
o ‘

2-1 BT AR R AR AR AR AL

XEHISE (2003) AN, X2 MBS, HEARRE Y
I R, TS KGR R AR A A T A B X TR
el P IR T 5, AR LR AR A N AR a3 B 3%
MK ZEHUR b il L 38oK o) 18 & B S s b, (RARfEIF
AsEH . MRYE WEP-L B8, F355% (2005) A, 78 “HA—AL”
KRB HAER R, #ET e, 1980-2000 4F 2 41 g SUK W B s
1956-1979 4RI/ 3.1%, H iR /K BT ZEN 6.9%, (HAEL
RN /KBEUEIE N T 21.4%. BE9R5E (2002) FRHEFAEARIT TR
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AN BT AR 7 gk, BRI T OeR R BT 20 A0 20 AR RURARI
AR S LB o ARy, BT AR IR 1 R AR AR 5 3 R 3K
LN R > 3 AN B, T AR IR R A o 2 I (1
oo T, W )IARI R SR B E 20 tHAD 50 AR LK S 2218k
Did, 80 AR 90 AR,y I H IR, BT S AR AR IR
JPAI AR B 20 AR LSRRI . BAEE (2005) HETH
L b RN AR I R SAR R, KRR AR AR B AR A B 5K
AR DG R AT ORI AR IR A7 A i 35 T AR AR B AR A
e, PRI EERIEE N 20 T4l 80 fEAUTTHA M D AT, (HIER
IEF TR IBAR, AR A UL e o 2

(2) JRB

WAERARAG RS, XIE BT (2004) MRAE ST 1977 FIEE
) 5 5 sOREA b [ KRR B AREEF R R (b [ RAF R, [H]
[ 22 (K SO %), S ZRE 0 T4h T 1470 - 1980 4%
WA AR . Ak, 15 A E LK, FOMR K ARG
(R LA SRR Tk 3, BRZKAR HR I R K AR R BRI K. R g
34 (2007) DArpEA G RAES 1 1961~2001 4IRS % 7R h Kol
SR, SR BE A ER A KAk 41 21 (FAO)1998 4 #fE 47 i F 11
Penman-monteith %, FELL GIS HA K TF-BUEAT B A% K 7
£ BN 2B A A% SRy 2 B e A BT e T SRR K — b
G, SRR T A ) B AR AR I B b A ZR )
VYA 7K 73 R S TG G FA, ER 7 M X A AR K 7y
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/-1 200~600 mm Z[f]. EAEE (2005) A, IR ARG
AU ARAEATEAR B, SRR R b, AR IR R 22
AT AN, U AR R R A TR AR TR ) R B
AR T R ) T s 3 Tk FE T 1982— 1999 4 (1138 B AL
MR (2002) 1Ay, 20 T4 80 4FARA 90 AFARAH) B nl it < iz AH
XFERIE, 90 A JE WIARX 5

MK BEIE AT FHAE AR B, 2B (2005) FIH TOPSIS 5347 1F
NS P b/ N 1y B %) N N\ NI [ 0 /T8 7 M R
DA A5 A S 7K BT P P A AT O i i S ot PR DX, Ty VT A A 2 A
S, LR JE T b Gl g X

MK GPERIH A, Tis% (2005) A, N THUHAS T
SRR PR AR A R : (1) 228 TR SUK BRI G, AT
HCFH 7K e 28 <] 7K gk D 1 b1 7K R 7)) HEHE S, D A4 )1 A2 3R
AU SR, AESRH N KRR BRI B SOK B
BB KK, AF/K BRI AR R — RIVES ISR,
TR AR A RGN AR R 7RG8R A7 T AR AR5 205 8, (2)
AR KR G BN, SR P N T HUR /K3 Bt R /K AL R
B, A0/, BN T A KRR, AR R A R
I Se R4S (2005) Ay, BT SCIAE Gk ALK B oK 1]
JAR R A0 R, Kb BRK % EREHT 38 7K 2 A 40 KK B R4 7.7 44
m®, K RAE (2005) HR4E 1956~2000 4 i il it b Hh 36 /KRBt i
FERIHT, W, AT E AT R R KFES R 249.0 14 m® (b
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TIAMAZK 79.09 14 m®, by & 31.8% ), 1980-2000 4F°F-14 296.6
& m® (Hh sk b K 108.3 12 m®, il b i 36.5%) . #iilifd
W R K FEH B B B AR TR UL . 20 T4 50, 60 SEALH 7KK
2, ARG, 70 FAFEE BT, 80 aFEARIA 2T, 90 AR )5
FATRE . BT, R, DI SERE . RA T, RA
N 78 55 7 TR d R FER L], IR %A 1 23900 4 90.8%. 7.5%.
0.4%. 1.3%.

MR KA, 75, BEOURT VA Aul e A T R 5 7 o P 8 i 5 )
AR (2006) dfid 1980~2000 4FA1 1956~1979 4FE P I B2 41
P AE AR 22 AT, JRIEKHBIX. 1980~2000 4RI B
i — W BOskD, TS RIS G I 2 o P SR BT, BT R
R RIAIE 3000 2K BE 0 T 2 £, Wik 2-2. 2= H E5E(2006) 1A A
18 4 [FIAPT Z0 DX A A A S TS s 3 A4 734 NDVIL AR K n T
11.69 %. . KPITHPH GRS IR, FT 1982 4~1999
1) NOAA/AVHRR NDVI #idli, #lHoKk (20020 ATy, Bl
W sOR LA — BT BTHEA . TR, MR R B
oM. XIEH] (2004) AN, AR AR RACE A B, Xk
DA E, Rl R DR (HOK) R EAEE IR . A, &
PO AF bR AR HIs A e . BRIBEAEAE (2005) MOKTR B4R I8 1
Ks MBRARAS AR T R, A2 TR0 L 1 TPl S S K SO %%
JTH, R SRR OC R I — Bk 5 A . SRR S AR
JE AR — BUVE - BRI K I [0 R R I I AE R R b A,
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IR U3 7 Rt L 1 B b1 PRI (1 1 18 LW N R A B el e
TS (2005) A, T AR AR K B R AR S R IAE
(1) P SOKBIR S =D T 20 14 m®, HpERKD T 41 12
m®, REEH RN T 21424 m®. X3 RN BEE K LR 1
(A Bh A A S N TR S, AR TR IK =0, i3
THEEM iz (2) AFKR RN 113.9 12 m®, ACRA T
FUHPEE IR AR PE AR, 1 ELE RS N T R 4 e Rk i 1
KA R (3) ) UKW EIE I 94 12 m®e 76 g SUK s
P AT A BOK B IMEVE TS , i) SOUK BT —
SE R BEBE TN o

Saulod

L, ‘/\/\/x/_’

g

) AEA

— 1000 -850 O 600 1000 1300 1600 1700 1800 1900

K 2-2 KRB EES GEE, 2002)
VEBR T TS BRI AN 78 40 RS 28, R KB oR it dak
AT TR 5 n ¥ Ea # o
MoK EAREFIIM R, RIS (2002) Ak, 20t 70 SEAR LK,
B RN R K IR A AN, B K R RS i 4 i, AR5 B
TKYEID T 7 LAWK . 70 AR 80 ARk s I\ 3 Bl
M) () P34 9 K 9D 1 FH 40 531l g 53.4% . 28.6%411 46.6 % 71.4 %,
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22 K|

PO TR IE W WA BR AR AR 3 T 2 ETHE S, 5k
SR —3 (B 2-3) (B3, 3= mEBREmIRis), 78 1961~2000
AN, MRS T 0.6°C (BEEED L, Hp, &
FREFAAAET R, HE a5,

600

500 |

P(mm)

400

2300 R,
2.0 — 1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004
1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

K(2-3 FERp iR AT ) AR AL Kl2-4 SR AR K R L
WAk, 1980 A W12 diivd, 2 f5 WILMmBE A 32, JC
H 1990 AEARH G A2 J5 R AL g HLIR K . 1998 42 4 BT i BE P
BRI —. 475, 1980 FFARLLS LMY A, 1968 4 LUS iiik
BB HZE, 1970 (AR HIABRAC T, 1970 4R+ B H 2 1980
AR 2 DURMBE S, LAmd 4 3, 1990 A LSRR8 mbg (T
e, AR T EK SR SO R R 2L IR 4R T 20 A

90 4EAY, HEA 21 tHLLLFIXPEAIC A B

BT S B B ) 22 5, D3k A A [R) DX el il o) 4= BRAR B 1) i) 3 B
FEMARAAF (G 2-1). o, WYs X AR bE iR (58 2-1), 1T 40
Ok, wO BRI AR BT T 0.32°C, mAasEk L T
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Al BT AR CIEKEE R, 20068, JH T2 LA FHIX 20 40 90 4R GE
S 25 DA B ORI B A B e 0.5°C e A (R, ZKRDK
HUBHEE, 2005) , A FHIR BRI X e PR — 7, X3S
H - TF0.58°C, PR 0.14°C/10a CHEKHSE, 2006)

F* 2-1 FOIRIR TR IX A AR (A °C)

X ) 1956-1959  1960-1969  1970-1979  1980-1989  1990-2000
A 6.2 6.1 6.2 6.2 6.9
Jeuge L b -15 25 2.4 2.2 -1.9

T2 Uge- 2% N 1.7 13 1.4 1.5 2.3

=4 M-I 1 6.6 6.8 6.9 7.1 8.0
bEREs ey AN 8.2 8.3 8.3 8.3 9.3

el 1-= 110k 9.6 9.7 9.7 9.7 10.4

= el 1 12.6 12.9 12.9 12.7 12.5
rEI=lYaN 12.2 12.6 12.5 12.5 12.1

2.3 [FIK

O IR 2 AP B K B 447Tmm (1956 ~20004E R 41D, /K B
R ) P AL B> (E2-5). Bl K B A b AR s ik, K
B, AR T TR K R O AT RN R R AR
WK, SRR PR FANE.

= ]

R AR XD,

Bl 2-5 BT 1 B PR (2
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SRR A K R A S ) T B A (B12-5),  HLLL201H 41 904FAR,
Bk ER /D, HEN2LIHZLLIK, BEKMEAHEIN", Bk Sk B % 5)
N WAEARER R, 1912080 FH 904 AR A AR AL B 5 K,
JEIHFE0FAR, W TR IGIRIA 30.7°C CHX80FFEAR) (HSFZESE,
FARBEI AR, 2003 BIAMSCAE, 3 = Jm i Eprigds, 2007) o JH
TIZ A b HIX 20 tH 20 Q0 AR AR (A 1) 4% DX A7 - 34 /M 5 0 401 38 i
#10.5°C A2 A4, 1M EE RT3 THIRX 0.7 ~ 0.8 °C ;B /K e AN 2 AE 4 (E A /D,
LU S 2 b, L Al B KRS 15.8% (AR, KR
IKHRHEERE, 2005) .

BT B K i B A 2 1 B K 2 R Bk e A (R 2-2)
MAEPERAE, 1970 AEAZATFEK LMW 2 0 3, HiREECK, 1964
K ED, ZJEBEKARAIRERUN, 1970 AEARH 5 0 2 LAFE K (i
ZhF, (HIREEUN, 1990 AFARLISK EABE K 2>k 32 % 1956-2002
R BT AR B K AR P FUEAT MK R IR ABI,  BTTintdsl FE K
1970 FLIKRFF LD, 1990 FFEALICKIE I IR ((RE %, Uk
A S EK I, p69). PR (JEXZHAE, 2008) KT 827 A
Bk s 1951-1998 411 H I Hs, HpSFsT T 1951-1998 4F
307 1v) LT [ K 2541 2% 200 400 11 800mm ()45 [ A Bl 1% 10, » 45 F 4 1 -
PO L R T R G R, R KL MR .
SRJE R 1951-1979 F1 1980--1998 4 i 7 2 AN B iyt A VUM

ARIYIE K E 2 1) AR A 3 AT 0 M s A IS il At el ot 2 o/ i 5 e

* 50 FACGE I B 1956~1960 E & %1, 2000s Ziil itk 2001~2005 £ &%), LU
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R A DA B v B ORI ST 307 5 (B A SISk« s it
YRR Sk B LT i S5 ) S B ke 4, iy HLArUBI R K 5 AU ek
At AE S 0] EIFA S a2

B, B AR X B K 20120 904E AT BT/, AR ]
ETE, BT EOMPE RO R AR B, SO RN £, B
ISR IR IR 22 /b 2 S i A b X U 114 B i R R A (R
BB, 2006) .

#2-2 VO A R K AR AR AL (A7 mm)

X [] 1956-1959  1960-1969  1970-1979  1980-1989  1990-2000

AR 477.0 471.3 446.1 445.4 422.7

eSS 460.4 494.2 482.0 507.2 468.8

7 - 2= )M 476.3 491.6 487.3 480.4 459.7

22 -] 1R 288.9 277.3 269.5 243.3 262.2

MLy AR 510.6 463.6 427.9 4156 397.3

el -= 1k 585.4 578.4 532.7 553.6 492.3

=1 TR 1 738.5 685.0 639.9 671.7 606.1
b LU 697.2 680.3 645.7 564.4 660.0

2.4 R

PR LT B O 32, B E D> HLN oA ™ A8,
AR . TEZREIA1100mm A A, i) By HOR . T RN SR
R X e N A R e KX, B KR ARk T

2500mm.

R IR W N TFaysa T AN N o L A s S B 5/ NP |
LA B2 28 7 i v S MU LRI, AR, P R/K T 28 % i 790mm;
LM AR BRI R], AR B R, VPR R, P K I
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7R 1360mm; I AR X JA), KT A EARAK, ~FIAK
[HIZ5 % & 1090mm; il T2 = TR TR AR, JeflT, AR EIP,
S 9 AN JE, R A AU SR AR, P8 7K T 28 % F& 1000mm;
=1 eI B X R] PR K 28 R B 1060mm; AL LR B
SRR ZE K B 990mm. IR AR SRR R A ANK, K2
RIGEBFBUMA KR, B i/ NVKEZR R ILETE 1.4~22 21, £
Huhife 1.5 A4 Cv {HAE 0.08~0.14 2 /0], ZHfE 0.11 &4 (W%
2-3) CGiR2ER, BTSRRI A VAL, 2006).

*2-3 KASMCRHKIMA AR ESE T B4 mm
w4 LM Cv KM  RAEFH &wME RESED  &KNE el

7N

RAl 968 0.14 13525 1965 841.8 1992 16
H 1) 802 0.09 9636 1956 657.1 1964 15

RIS 1863 0.19 27243 1983 1213.1 1967 2.2 920 271
N 1580 0.08  2080.0 1955 14275 1964 15 920 R%1
Wi % 1800 011 22748 1960 1466.6 1964 1.6 920 51
AR 921 0.12  1096.7 1999 7218 1996 15

B 951 0.11  1100.8 1987 7185 1992 15

MAEAS 769 010 9428 1997 669.7 1993 1.4

A% 1] 942 012 11248 1997 730.3 1983 15
R 721 013 8657 1981 580.0 1993 15

SIS RO R B, BRI R T 404 ) 28 R ML 78 K 52 B
e (12-6). HULFRZRE TN s ok I AR o3 2445 (UK 3L, 2005) .
TR DX 4 5 AN IR R AR G A I A TE A )8, BT
L0 w1 Uiy 1y e N e e L b S e S oA k)
CORBTS, HARVEIESAR, 2003). FFZE4E (KBREHERE, 2005)
W0 B 28 R D 1o W3, 38 R R D (M
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P 5 A AT e 2 I 5 K R B R S g2, - 24 X A L
B ) AR T e S E AR

2100 R =0.1830 140

2000 £ 120 | it
£ 100K x -\'

E 1900 n Z

dE 1800 =80 Ff
#1700 | ﬁ\/’ W 60

w ST y 400~ /""

= 1600 ool V

| e
1960 1564 1908 1972 1976 1990 1664 1588 1992 1996 ZW00CIE ) _ 1660 196 1968 1972 1976 1960 1964 1988 1962 1966 2000(HFE)
N N
12-6 1960~ 20004 B Jif Jii bl 28 & L 28 F R AR AR AN i
HRMA AN, BRI bR 28 K S KA. 2k
(%, 20000 A BT B RN E ., AR 2 A ZE R R
IR T b 2 R RO, T 2 R R R DR K = R D ) e
BT TP IR gD A ST A I S E . PVESE (PN, 4.
SRIGRIRSAR, 2003) FFFEFRA, BTN 22 A7 7 3 A 28 H0E 4 B )
BAARK, HUARR Ao, LU0 22 ML EIXTH), 7 SR B
Fb IR 2 Wi R 28 i B /N o ARORAESE OK3L, 2005) 1A HEAN B
B PR A~ 38 28 R B 43 AT AR A2 AR L5 1) 1Y i L X R o >, Bt A
AT R, KT 28 R S0 R R PR ORI BHAR S 70 o S 45 (R
%, 2006) [FFCINR,  BRAEAS G H BOE 20 3 R R PR
PR H G 20 %4020 HA290 AEAER60 AN FE 17249 %; HE
HORN N EERIEESNES, HEMKE SR,

ZHMTICNN . ZER MR B N REEH, i sbr 28R JR B W]
TRy 2R ARG A TR AT AP AR AR K22 57, T A vl fig e 5 P ik
BRI K. Jatr BN, KRHEERERE, 2004) , ZER MK
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BRI 2 B DR A R A BRAR A (K1 B Byl At el 1 S 7% A B
W30, 302 R S YRR R A, VA R FH AR S Pk
55, (HAELLACT A, HRSAEA 2 vhog Rl 2 A M 2 5L

2.5 #FK

1980 4~ 2000 4F B Al St T 447 M R /K W95 B 377.6 44 m?,
Hh i LB 1g/L 1M K5 Rl 352.3 14 m®, /7 93%, ™
TGEE 1g/L~2g/L [t F/KZE RN 25.3 12 m°, 7 7%. {E BRI
i R KRR, LD X R KR R 265.0 44 mP, TR X R K
R AN 154.6 12 m®, 1L X5 JRUIX 2 A (S R 42.0 12 m?

G Jr B, 2007).
2.6 oY

PR Z A PR B A 1640t, 2945 b 37.6kg/m3, 5
b 920 kgim3, Rt e . BRIV RIRIE ISR T, A K
YOS R AL BOTYEIX T2 BA D TR A7 4t 381 15 %,
e B D, SRR EH & B BRI 3 BLE, R
HER KX, R BRI B 3 SR T T G
BRI, &AWy E90%LL L, A T3 HiiE7. 86 /7km2 (1)
ZYPHW R ZK TR E 2, X Rt £ .

SIS VD R S H T AP R AR AN R (A 9, S K

AR5, 2001) o KPR ARA MG S PIRER, HamiR, i
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il ki A R, FEARKA R Uk AE T, SR R AR K E 55
P, SURBGIK E . s AR R KR, 19865 LIRS D
Ur40%. —J7 i i FUEIRE D, 55 L KRR R SR
T BRI B o (B B AR 2R W A0 PF AR ELRL, v
D IFAEE , AE— BB K B IR DO, e R A R K
ZE IR IR S UK, RIS, IR tiEs (5K

SR BRUEOK SRR VPO, 2006) o

AR IR, RER AR NS g, L2010
D3k bR T ARARAC KIS (EG S il B KA 2D L A
M H T s e T K BEPCIR DU R AL, JEH I B 7K A A il B

I8, DR P A= YD S AT 51 L 2

2.7 IKCHRAE

TV (10 % N 7k /K 26 R ) R iR VA el 1 DX TRLRT 22 0 L X
[]o Jorh, =AEMTCHE X & Wt Ko P, AR R AT Y
R iz —. 20 T4 80 ARk,  Bayar b rhife b X % R VR /K 1) B2 2
USR] Bk b> (B 2-7). BEA 21 22k, 47 5000m®/s DL L
Frt 7K I o rr DAAE el 11 b e 8 15 K 1T M 1 (10 A K A Ui i ot
K, 20 4l 50 K 9 IR, AR —IR; T 1986~2000 4F (1) 15
IR 3 K. A\ 2002 4 A EI/K VP LART, R il Kk IR
AT 4200m®/s o AT AR AL R KR AR 9 3015 823 S i LK (R AT R

SR

80



25000 Al 1 A f KU AT AR AL
20000 F
2 15000 |
= 10000 |

5000

0

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
P 2.7 il D13 4R B A 2
TR BT A B P BRI S, SR 1965
FRELL TR, H 19 A0 90 ALK, T FREEEABNE], JaH %
W K. AR 3 B SR 7K B D 2 T 7 A R A

PO P 2 e R, ST R ST BT A ), ST
LT SR B N B B o R, Rz WK . 19 AL 90 4F
FRUASK, BT A2 B A v, BT S VT B e i S T B
oy RIAE: © FCREGR D, BT H AT E, TR K
@ “Mhy R, TR RS = (B 2-8), $EB R I3,
2007~2008 “F KLU, 77 52 B =i KA =ik 1021.22m, 8

P s dm KA R ) 0.41m, S EUA S BUHR TR Y BL R .

1021. 00

1020. 50 [—/\
A A
=] =
K 1018 50 =
~ 101s.00 '\V

1018, 50

1986 1991 1996 2001 2006

Pl 2-8 =V 17K ST THT 1986 4 LK A i die e ZK A7 AR A T 2%
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3 ARARAALIS PR _E A R I

HRT, TR0 Ees i i oK SRR 2, AN IX 3]
KA, BT TR B RS N A SRIT ST, BT
VUL AN 2T (1 £ XS /K BRI ARG DUIEAT T 908, 060 I fic 4 SCRik B¢
BHE 0, BT R0 BURGE T -

31 X5 L

SR PR A BRI kB, Hb AL o, AN RIE ) E N L
B, SHRAFAR AT A U, DR DG B TR X A% 00 A8 A ORI S0 %ot
W% o A TR, S Ly NS sl s m R ik, B R R A
AFE, B, B0 FE X S LSRR TIE, &
Z, WX E AR 2T

(1) ARIAR SRR 53 #

ZHCAE N, 20 D 90 AR AR s X By LA B K e
JEVE/D, I AR AN h 50-80 AFEARARUIE LA Sy 90 AEAR LK 1
g, il 3-1 HE 3-2. kLSS (2004) A, BRI R K SO
A 20 1H20 90 AR AE TARKIARAL, WML X /KOG ER AR AL 1)
FBRE U (ERRK RN KT H IS B aiie ~, fRmEA
BHTRR R, M H, AR SR AR, XSS (2005) X
PRI AT AR AT T S5 A A, Jl i o A R 9 20K ST kA%
MBI RRUEY] 71X — 5. HEMISE (2007) A 1955~2005 4

PR I 22 TR Ui B v K S U5 AKSCBERE, 0 17X
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MR AKGRIR L A B AR A A, SRR R R LA,
HEN 20 140 90 AEAR AR, BRI R b, RN IR
P4 LU ZRRREE (2004) FH] 1961—2002 423 FyifRE T 20K
SCO K SCERE R R Z R S TR, W90 IR R AR e Je
T M K TR TR R 45 R W BT b A R R S I A A ks>
fady, 20 2l 90 AR LI 35 A B 4

400

:

B /AL m?
[a]
3

2

O TR —A— FREHE

0
1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

£ &

KI3-1 il TG 22 K SCh AR AR 0 ( 1956 ~20034F)
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2k /o

2k /2w

OII]J.lllilI_lll
1 23 45 67 8 9101112

A [l

1 23 456 7 8 9 101112
&

—&—— 60 —e— 704
———80 AL, 3¢ 90 4L,

K 3-2 PR X AR B N 2
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TR IR, E N POEE 2 M, HEHL
KRR . XIRHESE (2005) A, FRKESHERF A
B G TR AN [ XS B AR AR A 21 R K AR A L e e 7 i P 7 A 56 S5
PRI AT B 3 380 T AR kD U DX TR AR AR A s T ROK B S AR IR
QAR H v X I A AR A AT N 5 ) 23 il ) SR T AR A 1) 5 Wi A
JEo WA A (2007) a3 L% AT 520k, 20 AT 80 AR I,
VLB P Y DX AR K 1 A PR = it DRt X3k P B K B P gl D> o
HERIEE (2007) Ay, WX FEKEXREA A BN BE W, H
FA— 2 IR s S DX AR IR S 3 T xR i 2 ke
B B AN ek DV FH 2K T T s SO vk I bk i AR AT, e
BRI 3N 35 RIS (2008) 4347 T B U5
[X 1960~2000 UM AR 1 M 28 R BEAT TAGSE, JFo0 A T R AN
Ui AR AE, KR TEAE 20 T4 90 AEAR S W Bl /b 1A JR IR EAT T H3F
WA, BRI AR D 1 B e SR R B b 78 90 ARG
ZR R JEE Rk 95 1 1) B AR D (M P s Al s (2005) 4o
XTI X B K S S AR SR AR 2T LASORS P i DX VS ] AP T
YL 2003 AEVHIIAR I ATV 22 SR AR A O EE Tl o, AR i
D /NS5 8 K e St N O — s B R R R /D L AR
i AR ZE R KA 2RI 36 0% WEAGERAE (20060 3BT T 3 I
W LR BRI RIS R AR R SHRRE. AR,
52 BRI K I S TR S i BT b i K B R AL

EESE AR
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sk LS (2004) WA, AR/ IR 3222 J5 R 28 R =R 3
IR X AR A K SO AR T R A AR D OE R, TR IX AR
Tk, BN T BRI K RN PRI, S A R K B YR
P P47 WG S (2006) FIFAHOC & b 1) Bk AR il weRt, 4>
A1 7 S LR ) E AR AR R HE S LR Y e WA, B
WeOE 9 Z UL L) SskEE . ROKBEEA FR AR IR, AR E ALK
FREEI ) 2 TFK, — M ERER I RATE 18 a /ifi. 3
RV M, HRARRM R E AR IR EVINCR.

TR IX Z AT B 205 12 mP. J T 223k 20 22 90 4EAR
SEJRARBT T 176 44 m®, LL AT 0/D 15%. BT X 3
) R BEPALIX, AT 40% 00 B ] S AR ISR BT, DRI B 5 X
SRR A BE T AL /K8, Bl X Ak o€, A 2RTE Bl L /b
S ABEAR A TG BUR, DRI DG TR X AR IR AR IR L 2 . —
ORI ST IA Sy A5 AR A 2 BTRTUR DX R AR AR U ek 2 (1 = 2 Jit DR [ 7K
2006]. U 20 tH40 90 FARLAK, B IX oK R/ 5%, (HFEK 5%
FE Rk, THERBEN, SRR EIEX T 50 4
AR W W T i e 22 2 4% DL BRI RN (Wang S.W. 2002;
Ding Y.H. 2002, Li. 2002). i FJ A1 X 7K M 20 40 90 4R AR
TR, RS RS, 2006) BIFFTIA A <RV 2 1
Th, ST HEWIEX A IR RS, SRR EON 2, S
TSR 7K B 1) 22 /b 2 R i A b DX K 9 Y R A
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(2) VKN 5 g

KT R S T DK B URIRAE (K — BB, 280Nl
X IR kAT . RIS (2007) N, BEITIE X 4 L
BENIR G, VTR E SRS A B R BENIEHOCR, AR
Wris /IS T B S RARMEKZERIVE . BT 3 — A E(NDVI)
Bl oyt FIERIZE (20060 AR, HEHAE 90 AFACS 1 2 DRI
Fath, VLA 80 AFARLLSERILH K W IR A Fa A, R R 1 iR
AT AEAR R 5 2 LKA R, 3k -3 R 2 simsn, the
M RARTR D o E OIS (2008) A, SETTYR X 2 4R LRk R
WREARINAE LA N LT HIESE 2R XAy ANIESR +
X B S OKR IR TR b R R B . R R
S BT, W TepesE (2005) XFEETHYEIX 1986~2000 4F - Hh R
JHRTSORL G5 1 () I 5 AR AR IEREAT 20 A e B, DMKl L b B
FUK ) THI AR AL, S8 FH b S b T SR R P - b S 2 18, -
LR A TR RE R 1%

(3) UKJIFIFLE

UK N IR 40 2 S AR AR . FEeTh, S EPEEA 82%I1 10K )1 #8
TERGEAR I o ST D FRJOK) | 2 53 Af T ol J& £ U0 LR 2 s
o] JE E5 U0 LA e SR R 2R B L, DAy e VT X K A X
kA va B fEdL4E 34 20° % 35, A& 99 10°% 100 [7], AR
FRUK)II 58 %, THIRALE 125km* i 4.

SR 50 SR IR Bk BORE BT B, 5 X AUl RREE BT
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B8 7K B B D, A AR T B SR ), AR A S SR X UK
JIINIgE R, OR iz B4k, We AT, iR AR X
VKT RAAE 1966-2000 “E[AJRIARIE D T 17% CRINFEREE), 9
EEA I 1966 4 Fir 0 A AF ROk ) IR 4 LL A1) 10 £ DK )TZK BRI Rk
23.9 14, m3, AHY T 2 M 2 AR 1 10% 7547 . FEBE U
W, VRAORA, BREREAEN, R RS RGN, AT
ARG, “RBARE”. 5y R R JEIX TR E 20 4 90
SEAR LAACHE N B X 3 1A R KT, K W8 I A il Sk ) T
T R U M X K U ) B R

% 3-1 ST A K AR DA RS ok T AR e CAlisfAR4%, - 2002)

A VRN (km2) AT (km2) MR (%)
R UVK A 391.6
AR e e 34 147.8 -243.8 -62
1966 4F 125.5 -175 -15.1
2000 4 103.8 -22.74 -17.3
3.2 HiF

AT SRR VD I R SRR X, AR IR, A SRS
SRAN, ARSI T K YD 0% R PR 5 T

(1) KP4k

5] RIS KR R FAARAL, BT K v B bl AR
WD MR, FERHTRY, K. RSB ET . VRO
(2004) FFFTINh, BRI JiEAT VB AR ) DX TR) (R AR ] P A P R b
HINEE . BREMEE (2001) XF 1950 4F R ER b Kb Az
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IS SUEEAT T 00T . WA, B 50 AEAR LUK BT 1 i K Vb B Ak
[ ERBREAE, HAPItLL 80 A 90 AEAR Dtk i
90 4FAR 2 1950 4 LISK L b A A i B D (K147, TIiddb
80 FACHFTIG . FEHE (1998) Ak, ZIPHIVWPIXENFEK., 12
T GRS, I 4 A H IR =i AR 97%
L b, TSI = AT AR T T L KW . @ EATAE (2002) %
A JEIX ) 1950—1999 4EIT 40 4 75 37K Sl K BRI ZE T HT A
s B BRI S An i HEAS TR, T X TR KRR P 2 I
AL 7. 8 A4y, Hrp 67%MMK AT #E 7 H 15 H& 8 [ 15
H, i “t /)L

(2) JRE

MWSARIIAABE, TRk (1996) A T K gt [ iyl v iy
Hi[X 1470~1991 “FH = (5~9 H) BEEQTHHAT T, SiR%
I« A X UBRAE AR P O A RO R AR, /1 17 2l 50 AT e (2
Fepi) 18 Al 60 MY (B IEH D). T arsE (2004)
TIN5 55 S GO o W R AR k), R T T i 1575 A LRISK
MF 24850750, 0 TR D s AR . I OFF
AR B B3, 1T 429 SR RMA T T 6 AT R BN 5 MAVR B
FRBR R KR BRSSP 3.3 fiFfl 2.1 £, AT
By, NS IR N4 e R B 6.5 £5 81 1.8 £ @F 54
Wik BB B E R HNE, EERIREN 5. 7. 225, 32, 55, 69

M 123 . EE RS (2004) WRIEFR I FES T TR R
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B, BT T SRR AR R AR R . A, B T R A A
FI T, MIE KT R AT R 5B I H) A2 7:3, 2 6:4; 1955
SELK R A = Z S AT 1997 4E, L=, R WS
Bt TRRAMARREEILNY, 1986-2002 fFE LR R, KR
HIMER R AT 3 152, T RIg— B4R mE, EARAK
o

MAR A 208K A E, XEW] (2004) MRIERE T LR 74
U 55 28 Ll K THIRR R SRS T P A ) A b 5 26 VATt K STt Bk, 43
TEENE T NRIBARMR SRR IR DG R AL, SR I ) 5K
T ARG S AR R R B ROC R WO, WIRSE IR HHEM &
Joi, ARBRMOAREAT UL E] 100%0, FRRHGID 30%~53%. VF
.Lr (2004) BTN, 7K L ORFERS IR St I T 28R R A AE
AR TH S RN T A, DRI S BT R e X R A g AT A A )
.

ST, R B L U SRR VD IR e R X, K4 80%
[P RIRTiZ X8 20 20 70 AR LR, AZEEshmag ik
PER)SE, 19965 BRYTEG, 2004) 5 AEAIRBIMGES. DM, Xl i
HIWTST, T EAR A AT AL R AR AN NSRS AR AN e /> 1 52
M T o F PR DASKE, BT P i T ORI K LR A, WX
[l Kb 70 SEARRLKR I UG kb, 80 AFEAKIEEE /D . 5 1950~
1969 4 TI{H AL, 80 AEARIT KX /M) fm sk T 36.15x10°m°, %
YRR T 6.2325%10% . BT HR i K VB AR TR AR LRI A SIS Bl A
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[FVE IR 5, X 93 U AR A A N R Bl i sl /K 9 1 44 FH 2 A
AL EEN o BT ARV AR A T LK ST R GRERIE N ., BRi
SE (MRS, HhEROTAY,  2002)7E b AL 1R R T Hh B ARG B AL AT
IKYPAR S BT, W AR A b e By M A DAL 1 5 e D) A
K, 20 &l 70 ALK, BERNRK RIS AR AW, Bl K L AR
FER B e, NI kKb BT dy LA K. 70 44 80
AR AU B RS0 B 5 00 (1~ S8 98K v 4 L 4353l - 53.4%

28.6%FH1 46.6%. 71.4%. FEPKEE (EEPE) 7t 7 UrA A AR
TGS SO AR IR R R o AT A AR, 3P 1970~2000 A A
ST BN I P AR I 1 RN R, AR AR RIS B A%

Ui R 52 e 3 ) AR D S 1R 38.5% 41 61.5%

3.3 T

M (XIEJE, 2002) KW, Sz R BT s b
TEIEARZE (1) 534, 117 ELAE b AR s (1 0 v R ] gt R %38 vE 120
K M IEZE SCHRC AT, 24 N s s Y TR Y, A0 /N 40
AN, AT EUH € SCRRC B0 AN D vt 117 H 3 EARANliT . PURFINIY] 32
Wi i A1 =3 1) B AR DR R AR A T AN~ Tt v AT R W i
(B R AT SR AR B AEARAE I AR AL o SEZR MY IR AEIX I
WA FEA Ao COKZRVED) Hid Bt 500 b, ForhAr T sk it
I ERERA I 190 24 BERLUR, SOHER-P JS A A 4 TR
AV (0 B RARAG, AR 2 IR D~ Bl RZTED BR800 EEBOR Y
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MR B (=N (PN e IR =1 N O SN M SR R 7] [ R SN
VRS, AT A I O o8 4 TH 2R, A AR HURAE RN 43«

MR, S NIERRARA S b i SR SRR K B ARG
XU B (2004) AR BT WA ] 1 DL L A S T P AR K
LRI TR BT, A 20 40 60 R4 LUK ZK A 4
TER Y D A LR A e 1 B L AR AR R U AR A
1968 4= 4 4, I8 1952—2001 4F (K%t vl Loy A AN BL. IANBY B
PRI R B4 0.185 Al 0.168. AN, 7EMFASALAN -+ R +
W W IR R, AR R B> 9 %A, FEUEARR IR
h 5612 mP A

PO K B VT, R R K St sE i AR T R AR LR
AR K A3 20 1) o SN /K 5 1956~2000 4E°T-14 4 313.2 42 m3,
Hrp, 1956~1979 4744 409.8 12 m3, 1980~2000 413 202.7 12
m3 (g 1956~1979 k> T I 50%). T A /K &Rk b 2
Ry aFA e —J7 T2 T RARSKAK R AW d D, 59— 7t WL &
B FH KA T 1 I

PO R TS 1197 24F, 20 2L 904X LU S A W Ikl . 1972~
19994 (1) 284F-A], He i R i K A Wi M AE 4 ik 2245, T ¥54FE 4 Wi,
SFWI1002 K, “FIYREERTRB0R . 19974F, Fe[ O Sel 72
KT 19284 (Wi KA, Wit I N -5 et i) B K 43531 b 226 K F1 704
N CGBIFEEE) , ZAE0E T s Wmn Py slidsk (4, 2001

gkeF %, 2006)
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ST AL AP BLIR D05 T (R K BRI U S I R . KRR
YA PR B 6l FRD ] I e P A sl A o 48 T PR SR A R XS 7K B U R i SR AN
Wiy K, A JE H R, WHE N K RSB RUKGEHE, AN
KB SRR (B 3-3) 0 NIEA R B Wi T SO R 2
Aip L, s R, AESE B b P A5 e R AT R Y
K, I FECT WA TE AR LG, K TURAL, 2R SZ BIBOR S .
M 20 fH2l 90 SEARGE T, DB Mr i, 0 1 DXAE i AR b T
L2, #IEADIT 40%, 520870 30%. 21 tHALLIOK KR
AR AL S G2 g1 e ST 1) ] X5 2 P05 1) i) L R, EL Dl ek
BT i) R 2 T ) A A A i e T A AP R o

B
(=]
(=3

Ao —— )RR

s K | e 1950~2003F B
£ 800 — - — - 1950~ 1985/ 1) i
% =« = 1986~20034F HK
3 FH
£

B

18

=
(=]
=

g

0
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Fir/a

Kl 3-3 i NI AR AR AL
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4 LA

4.1 BA

AARAZAS TR K B P 2R GEE WAL I 5 3 2 T TS
RARAC I SEAA 7RI A AR AR AN A Bl o6 7K 5

P YU S5 7 18T

DT B By AR S L R I T L 2 . F S B AE
CAREH, 2004) FI LA 557 55 R/ AR AR R WER), T4
TR 1754 LUK 1 T FAR BT A1, 8T T T R s R R AR
. A ESE (A ESE, HEE2EH, 2003) FJA]H[E 1951-2000
GRNPENC Y @I R S SRR A R B i T 7 VTR I B L T
FRE YA X T 104 i+ AR B 1, 2l Ak b
P9 DAY T g 5 P R o SF AR 30T, B AR it Y ¢ 74 (R A 2 K 6 Dk
oD AT SR A DX AR A T I A 1 T S P DX, Wl AR B
AT G IX IR A O, M P W RS (R IE, B,
S5 RV DO AR P B A A KT 9. 1996) 7B T Bl i a1
PR ERAATOL, Fir B BTN 19654 I IE LT 5, H 904K L
Jo, TRANWTINRE, 8 S BT R AR A ) 3 B A 1 A
KRG FR o AR SORMRIR A AE 4 T T 40047 K (K Bk 7 81, AFSY
TABRBRR 4 T IR I IR b K B (R REAR AL, 4] A ERT R
Wi (AR 5 2] it AR K B 2D () 76— 52 (R R G
A ARSE, 2002)
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FEABRARE K 56 BRI s b 9 Bk 2 O 2 R ) Bk ok
N A TV FERIR o SR AR R P IE ) R R B 1
A, 7R TR KR G Bl A6 HH 1 K I 2200 A1 5 i ) VF 22
B, PRUE T IARWEAC L 575 A 3 55 6 7 ¥ v o B Pt e [X TR B e
IKHISEM CIRAFANEE, Rl U5, 2002); WFFTIA N e BRAR AR 1Y 1k
M X 482 7 X, 8 i ma M sl (B Ko S e, JFAFAE
AT SZHRW, Sy 35U X - i X TA] K
Bkl X e FE RN RKIT - RAERF LI ) R R
—akT RS CBrsE %, 20000, i b KA FPER,
TERLRARIS BRI B 2R 75 55 280 F Y] v e Ao AR A
WL AR shikim A B IR (e, EPNEL, 2005),

DT A AR AR K B R SE BT ST TR, WA 32 AR A AN
NGB AW, I MARTIE AT A TR AT . B 7 4%
(R4, Wik, 2003) K RGUERIR L, X s i /K B I
(KR S TR, 201H £ Q0 AR (1) S Vo W47t I A 3= 252 A Ky I
TR B RAR AR A (A sy B 2012050 4:4X UK 11 A2 4K,
5 NN K A B PRI TT R FH A AR R B DR R, NSRBIk %%
VA 14 R R P s B e AR A 1) E e I R e — CEEIRRESE, BAR
PRIRAAR, 2003) o XIEH] (G, KEFAEERE, 2004) fiFH 22
L E BRI S04SR B K kD> 15 %~10%,  AH Y A% 378 ) />
T15%~20 %, A=A R T Bk iEb, LR i
AR AR G, 78R AR AN L AR FH 1 7 55 R A SE R S 4RI
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RHORDO% A, FEUEARR D A 561em3 it EVUEAE (A
SRTEYR AR, 2006) A 20t 80 AR LA S, A A R 3R ()5 i R R A
B o, IR AE T NSRS b i e B e o HLLR AR
(bR 2, 2003) [RFE S — WAl 2012290 EAR IR AR AFE N
I PCHRFIE B TR AR, SR AR IAE AR = b, AR
& FZA R AERIE, Feonle — AR G T AR S IR R i T
TR, R o BN BB CH R AR Z0-3.0%/4F), Bk
T AR TG RE (B EREE, 2002).

4.2 BRFAR

RIPE RGN (AOGCMS) - AR A ik i H iy
B A AR Y o AT RBTIPUIE AR MBI AT FE, LA
TR A R 2, WA AP RIS AL R ER G praiie. — Bkl
FMPRAK L4, HLR1005E N, R 4REETT iy, BE2K AT g
AR, ABRSEETHEAT PN

BT AR ORI K SO IR A5 A8 A PR ABE 28 A 32 T S8
AR M. IR GBUOREE, 1R, 2002; 1RE, 2002;
BWXoREE%E, 2003; T, 5%, 2003) (fR%, 2002; T, &
W, 2003). FIH] IPCC #24tf 7 M ski UL R, W—PiH
THE 10 Ktk 21 tH 20 SR K AR Ak, T P ST e A R
KAk B3R EFHE (R 4-2,4-3), {H 2050 4FELLRT, FEAKIE AL
5%/t A7, R BT TiE 3°C, X4 AT RS T Bm i i sk B
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Pl o AR, R T AR UGAR O DR AU AE R AN
P, AKIE T WCEE 2 RIS .

#RA-2 EFRRBATUG 2L HT R TR AR (L CD

20204 20504 20704 21004
SRES-A2 1.3 2.8 47 5.9
SRES-B2 15 2.7 37 41

RA-3 AT 2L LB P I A P B A (AL %)

20204 20504 20704 21004
SRES-A2 -1 4 9 12
SRES-B2 0 5 8 11

VFG S (P RE, ARSI ST, 20050 FIJFH X 3 i Ao
X &G (PRECIS: Providing Regional Climates for Impact Studies) X
IPCC $241L ) SRES A2 B2 1 5titAT P RO TH AT 2 21 AR db
[ i AR =R = M N1 v ) N 3 SR Y o o 2 RN QSR Q1 S
FEE, HARKFEEM, 2006) FHXEAEBAX PRECIS ks
Hadley "< fiz 0o B 5452 HadCM3 1) SRES B2 1% 5, WF5TA A
P —A1F 2080s I BTN . S F1F R 2 TN H i
R BT A (193 Ai L5 KR A R A — 3L

AR CEEDULARFST, 2003) R4 40T T G Jbb X AR IR B4R
ARSI, DAk BT BT 3l P R PG b 2R FS b DX A T A ) o) I
RIS, B BARI TR AE LA E . 282 N, S8 HEE, b
FHABRTHE, # B Sk R Eds Cag i, AR
i, 2003). WATFFE NN, BT RERATE P S EBUR KR Ik,

97



FERBE b ZE R FE 3, AP KR B N, 25 0 2 oK & Bk
AN sk EERE(R S, TPERFEE (B4R ,2004) 1008 21 AP
JE I DR BERF AR AR, KGR (AR A A 28 R G N R

4.3 MmN HLH

VP2 %38 TF R T K00 U6 2R Gont AU AR A iy i N . SR 24
GCMs A2 17K S 2 TR0 2030 4F B i el A i & A el B
DRI A A8 Ak 5 S R I i /K g -1.9~121.242m?® (XI772%, 1997).
JHIPCC DDC 134~ R F[1IGCMSRLH AR B K UL 25 R, 704
SK1004E 1, BT X R AR AR (K 4 — 550, RSk R 8,
RIS INGE, BKBARN, ALEak, RRSFRBMIGE e
FRRE L3 K B A s FLZK S (R A B A ok ok AN 3 57,
FLP7 0 IR OfflR2i4%, ok)11K L, 2006) . LAHadCM3 T fix
B FEA, 25625 18 T ERRL T L ARAR R U K R A 4y
BT, Ak 20304F BT 13 22 7 B UL AR g, FLoK B 32 404 T 2%
LA E TR 9] 5 M 5 Y (B ok A%, 2000) . PRI & AU+ B AL
WSEIR" %, FIHICGCM1. ECHAM4 FiHadCM2f& AL FIBP £
) 255 B L AR TR 285 TR 2 R R L004F Byl gt 4 =2 M DA L [ 7KK o 2
20%, %2020, 205012080411 Tiff 70l L T12~3, 3~5 Hi5~8°C;
ANFESAETTE S, ANE B AN E TR R AR i A A i, HLR

IS, e 4L A, 2001).
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By RS AARK SR AL AR K BE IR W (K PPAS AT AT T
8 BHER, AHANEE PE AR K 0 BT oA SR UM AR e X A i
PESZ U RS WT ST LD, WFSUNABIRANE %, 2 LTI RK
RGN AR R S . BRI, ARSI R W S T
i BEKISAT N, B RGN s 28 A OB I PTi AE e % m] g 2K
PR D, UK B B RS BN

5 EHEDHT

5.1 SRS

TRAERI ] IPCC $R4E1 7 M AERBIABUG R, H—PI R T
HE 10 Kytdsk 21 20 IRAN K AR AL, b s g il il AT B 2K
R B R ETHES, (B 2050 FELLTT, R 5% 4, il b
THTE 3°C, X4 Rl fe 2 T B K B IR KD o

5.2 IKBEIREN S

DR T A A5 A Sk A0 A8 A o K R YR i 1 VAN BIF T A LR
2, AEAHEMEBAR K HEXEE CRIUALDTIE, 2003) ZE5 0T T
PUAbH X AR AT AR [P 5E, R 1987 4F ISR PG A b X g Hp 5
K5 AR 2 N, 0] A B T T 1) W ) R
P4 DX A R R R R T 5, A FE SR LA P T A AR b X
RERE— B TR ARDKI Y, (B A58 Ok 2FEA PR R 43
JI, ATV AE ) 1] B e AL R A, B LA )X AR E o« A7 2857238
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N, AJEBHER, BEARRTHE, B BRI R A
(A BB, HAREIEIR, 2003). WHEZEE NN, BT 2R
PE KGN 5E , Rl b 28 R S0, KA P KK B,
& FOR O MoK B B

VP22 TT R T 7K S5 R GRS 24
GCMs H& 17K SCAR AT 5 iU 20307 B Ji] i Jel A2 v o s A - 9k
b, HRAEAR A G R IR & 25 -1.9~121.2/0m° (X2,
1997). H#H%% (HZAES%, DU (2R, 2005; 12
5, ISR (TR0 5 2006) 1508 3 T3 kA8 A X 4k
KRR AT R 1) L, R B8 5 B LA 45 & S T KR
AR 1 25 40 A5 K SO (DTVGM) fE—E RS Lk T R R
DRI K ST Tt , A5 AR A B RT sl W 1Ak BRI 300 T ek ST R 5 i
R, BE/KHEIN10% Ly b 109X AR (R m SE ik Z . T RS (3]
F5, 20000 FH 7K S PR R SREUIBE 1040 5 553 A ]
AR SO SR AR W R s K AR K SO R, SRR
MR 50 /0N 5 Y1470 0 0 R 98 75 /I B A% A8 A 1 i 17 42 A PR 8
ZUs FEDIR AR, e B AR AR ST D U (R RS, W
AR, 2002) o MRAESE (2006, k)LD RIS R 45
SRR RS 43 A1 2K SCRRVTAl B TR X AR 1K B, M4 IPCC
DDC 13/ FRIMIGCMsHR, N AFEARSKI00EYY, BT Y X F1 4
BRASE A3, RORATURGRr A n, 2RI B, MoKRG
s, ARZRAEESR, RRAURARAKGTE — T B L K o 6t e 1k
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b, HAK AR BR AT R R AN A), 587 b H ™08 . ko
M CHU RS, 2006) PAHadCM3 Mt b 5Eat, 74 TEEA RS
AR IE RN, S 12006~ 20354F . 2036~20654F . 2066~2095
FEA2IG 5N Z AR R R A4 700 5.0%. 11.7%. 8.1%,
B2 5 N5l h7.2%. -3.1%. 2.6%. 1M KFIGFDL. GISS 2575
W, GG T BT . AR RS AR R T, KE
oA k2030 AF ] B T B DL BRI E R, HOK &2 44F
2 DA R T AR Ee ) S e A ] 2 (10 RS, 2000) . IFSTIEAR WK K
FEYATTA] DX TA] ) = P 3 982 2,13 Yo(H A AR A [ I T AL

2000) . 126+ “ I = R+ ALY IR 7 U5 %, AIFHICGCM1, ECHAMA4
HIHadCM2AE Y FIBP Aift 48 04 2 SR AB AU TN 25 R 2 : R SR 1004F 5]
PA % M AL KK 982> 20%, 452020, 2050120804 1343 433l
FJt2~3, 3~5 Fi5~8 C; AFEETTE N AR B ANFIXI[H
O] A 3t e AR A 0 e AR T 55, AR bk D O 20 A, 2001).
AH¥HENN, SN, WG ARRTHE, 00 LIRS A L5
WA WEEEW R, BT AR TS SR IE IR N6,
R ML R I, KA KV RGN, &5 T 2 /K it R Ay
I CERPREE, 2002; 4941, 2000; #57H, 2004; X5 8, 2003) .
JHHE A S8 30 0 43 BT G b DX A PR B AR A 5, RN 19874F BASK P IL
b DRV P B K ) AR S S R, A B R R B T ER B T 1) B

ARSI
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5.3 R ER

5B AR R AR B FUAR L, X B80T 28 Rk IR S AR R
LRSS, AU AR ORI R RS AR A BRI 4 . AR bk S
(20000 73 7 sin] b a8 HcE . H RN E ., AR S
SR N AR, IR ERIEIT T DR AR s, A5 R
BoR, B B A R RIS AR K. sk LIS (2004)
ST T BT X PRI K SC IR SCAR R R, DAk Hh T D8 b X U R 8
AR, 2Lt ALIKAR IR IR AR Fek o 28 R g N . LA (2006) 4
N7 T HLSE R IR AR R e Ak R A 3, A0 AT T AR AR AN
R BESI M SR T =L CI LR, e sk 2% % B8l 203
5.0% ~7.00%;7EHIR A b, 20T iR s K, Bl il
T RAVA] 4 = Uk DX R) 8 I fe by w2 (3R5-1) o LfSEnik: (2003)
I BT R L A 12112345 5111961 ~20004F- 20cm 14225 & 1l
GORE, AT T ST AT A R L2 R [ AR AR A A, SR B
PRI EIERT R AR 7%k B B R R a R, i RIS LA
o GRIGHE (2006) VL H IR A I A A [F] ISR 7R 28 K
B (£5-2) o A2 TESREN LRI &5 R R . B2 1At
RHEARBEL AN BANS, HIRE LS BRI . BF7T A 4 AA2006-2095

iy & o2 NI
%51 ERENEUER ICHRFIOEL %
% B UM R T BT M KB R R OBM v

AR 524 578 566 588 559 678 659 666 631 544 502 518
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52 BRI F R A A ( mm)

X35 1961 ~ A2 B2
1990 2006-2035 2036-2065  2066-2099  2006-2035 2036-2065  2066-2099

TYR- il 668.8 706.0 765.0 874.3 732.1 765.4 810.6
Tl 22 835.7 871.4 929.7 1026.6 918.5 9225 936.0
EM- SkiEYS 9447 1003.2 1063.3 1167.4 1062.8 1067.5 1100.9
SLaEds- 17 9917 1036.5 1091.4 12005 1092.5 1098.5 1130.3
Jell- @0 1033.0 10815 1144.3 1270.3 1149.0 1161.3 1192.9
el - Fl#E 10350 11544 1267.9 1536.5 1280.7 1297.6 1355.9

5.4 YvbARAk AT

TREMKEE (e, JaVPIFT, 2001) 195047 DAk sy b
WA AR AT T 2 TR W, B0 Bk v i kb R R AR
R H Tt LL8OAE AR M0 EAR ek A de 4y W 7% - 904F-AX 72 19504
ISR BT b AR it s i B D 48, I R 80AEA A BT g i,
ARRLOF ] = TR LA B XS K VAR AR A i i i 13645
(2006) ik, A-J520-304F ST Ik & Gl BRI, BIE 5|3
VEME 7K R T AR MY B AR B AR 11D I AN N, i A
FHZR K KRI85 — G4 5 | B B0 o ikdh, i
F TR A FR AR BHE MG FEAEHREE K, WA A F K R A 8%
KU, K ZERBURIGIN . WEAFSR, 23 i R IR /N SCRAIA 45 B
M T ATV /N R BRI, Horh R T m3LL BN K AT
60042 i, EATIFEE BRI EIRT, WBIG I TR A K. A,
O O RAUKEEL2E, AT 3REAEHE, A /KA il M 1)
s R I (DI, AR TR AR AR, AT RSN N AES 5 20-30
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N, BRI R D . XA (2007) Ak BRI AR
AR BERKAR TR, KD B B 2R NS Bl i o B4R
PRAE (2001) AR TEITVD EE R 7 N TR BRI URAS AL [R5 ),
TEWD T, NZRIGZ 57.1%, FEM 52 H42.9%, JHE
R (1998) i B i 22 vk VP IX 2145 [HI AR I8 1 000 km2 KAl A
POCR M SEMTORE, o3 AL T RS BER m I K AR S gevl 8
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