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'l11e world’s water
Salt water and fresh water
by volume, and as a

percentage of total water e
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precipitation on land

119,000 km3 a year evapotranspiration
e SR from soil and vegetation

= 74,200 km* a year

FRESH OUT OF WATER

Only 2.5% of the world’s water is fresh.

More than two-thirds of this is
unavailable for human use.
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v precipitation
on salt water
458,000 km* a year

evaporation
from salt water
502,800 km? a year
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| 200 WATER FOR FOOD

Nearly 70% of all freshwater withdrawals are used for
agriculture, yet millions of people remain malnourished.

Amount of water withdrawn
for use by agriculture per year
2000

cubic metres per person

1 cubie metre (md) = 1,000 lires

- 1,000 or more
B 500 - 990

B 250-499
B 00-249

0-94%

no data

Population undernourished

o 35% or more

® 20% - 34%

ood production is a thirsty
Fhusiness. It takes more than

1,900 litres of water to grow just
one kilogram of rice - the staple food
in many parts of Asia. But it is meat -
especially beef and lamb - that is most
costly in terms of water, given the
amount of water needed to grow the
plants on which the animals feed, as
well as the water they drink.

The massive expenditure of water on
food is not, of course, spread evenly
across the world. Nor does it result in a
well-fed world. In general, people are
better fed in wet regions than in dry, but
the strain of providing enough water for
agriculture puts enormous stress on the
environment,

One way of resolving the problem of
the global water shortage is to grow

Water for food

Minimum amount of water
. ¥ NEW JEALAND
more food using less water - getting needed to produce ' “
‘more crop per drop’. 1 kilogram of food 3,500
litres

2000
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WATER

[ R=it ]
Internal renewable water resources .
per person per year LR npulatmn
2000, 2050 projected i ' 8 z
B i L i-! situation
1 cubic metre (m') = 1,000 litres S getting worse.

F
- fewer than 1,000 water scarcity Running dry in the USA

| - 1,000 - 1,699 water stress Rﬂ“:;:"ﬁ::?;:’:;:;
1,700 - 2,999 insufficient water 2003
| B 3.000-9,999 relatively sufficient 1934 cubic metres
B 10,000 or more plentiful supplies 9913 7,695
no data
fzuznoligsﬁ-r:{ps:l:ﬂ to be 1990 2055

chronically short of water

bigger and thirstier. As a

result, 500 million people
are living in countries where
water is chronically in short
supply, and a further 2.4 billion
are living in countries where the
water system is under stress. The

Pupulatians are growing

situation is likely to worsen, with - g AN
populations projected to increase _IWBENEEIA o 1
in many of the countries that are ) S S R
already short of water. m'ﬂ,m:fﬂ'""

Enough rain falls on land each year to 8.9 billion

provide, on average, nearly 7,000 cubic
metres of fresh water per person. This
is more than enough for most needs,
but the water is not evenly distributed,
and people are not free to move to arcas
of abundant water.

Countries in the driest areas of
Africa and Asia are among the most
water-deprived in the world, and the
way in which governments manage
the increasing water crisis will be - ’
crucial. With each state claiming the . £ insuffic;,
right to the water flowing through its ' ey
territory, countries downstream are in )

7=

" Haveand have nois_ N
T A BRI
population with different

water availability |

2000

total lation

countries

that were

chronically
short

danger of finding their supplies ml;:::wilr
drying up.
Future water shortage
Waorld population growth
and number of people
facing chronic scarcity
‘o - 2000, 2050 profected
g fre
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2.1 REIET7ER7K 8 X A 257K ST

Eco-hydrologic Observations in the Water-limited Region

Mean PPT: 59 mm Mean PPT: 399 mm Mean PPT: 389 mm
Mean Ta:11.5 °C Mean Ta: 8.4 °C Mean Ta; 6.6 °C
Vegetation: cotton Vegetation: sparse shrub & grass Vegetation: grass=>shrub—>desert

~— Mean PPT: 664 mm
Mean Ta: 11.6 °C
Vegetation: urban/
vegetated roof

* Yumen site
(in preparation)

Mean PPT: 67 mm
| ~ | Mean Ta: 7.1 °C
= - -~ | Vegetation: wheat

- e

£ i Mean PPT: 573 mm " Mean PPT.: 534mm | Legend
e S 2| Mean'Ta: 134 °C ”’l\/’l"e’an'T-éf‘fis:s °C B o
A _ l |:l Bush
S— S [ | Meadow
|:] Grassland
EH ﬁﬂE -ﬂé j( i 7k *lj - Non-vegetation
g 7}( i 7}( ’.ﬁ i}g i |:| Bare rocks
5T T 2 IR F 4P L] Desert
|:| Cropland




Plain cropland along the Downstream of Yellow River
(Weishan site, 2005.03~)

(1) Instruments: Meteorological system, eddy covariance system, soil profiles, crop
growth status, leaf-level gas exchange, water quality.
(2) Observation Items:
a. wind speed/direction, air temperature/humidity, air pressure, surface
temperature, precipitation, radiation;
b. Latent/sensible heat flux, soil heat flux, carbon dioxide flux, soil
evaporation, soil respiration;
c. Stomatal conductance, photosynthesis rate, transpiration;
d. Soil temperature, soil moisture, soil water potential, groundwater table;
e. Leaf area index, dry biomass, crop yield;
f. N-NO; and N-NH, concentrations in groundwater and soil water




Plain cropland along the Downstream of Yellow River
(Weishan site, 2005.03~)

(3) Observation results
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Vegetated Roof in Beijing Urban Area
(Beijing site, 2009.06~)

(1) Instruments: Meteorological system, soil profiles, runoff flowmeter.
(2) Observation Items:

a. wind speed/direction, air temperature/humidity, air pressure, surface
temperature, precipitation, radiation;

b. Soil temperature, soil moisture, soil water potential,
c. Precipitation, runoff

d. Indoor surface and air temperature;

Roof Vegetation:
Sedum

Four-Component
Radiometer

Meteorological
Station

12



Vegetated Roof in Beijing Urban Area
(Beijing site, 2009.06~)

(3) Observation results
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Oasis vegetation in the Northwest of China
(Korle site, 2007.09~)

(1) Instruments: Meteorological system, soil profiles, eddy covariance system(under
construction)
(2) Observation Items:

a.
b.
C.
d.

wind speed/direction, air temperature/relative humidity, air pressure,
surface temperature, precipitation, radiation;

Latent/sensible heat flux, soil heat flux, carbon dioxide flux (under
construction);

Soil salinity, soil temperature, soil moisture, water table depth;

Crop growing

Cotton field

—

—
Soil profile Laboratory




Oasis vegetation in the Northwest of China

(Korle site, 2007.09~)

(3) Observation results
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Agro-pastoral transitional zone in the Northeast of China
(Tongliao site, 2012~)

(1) Instruments: Meteorological sites, two eddy covariance systems (one for grazed
meadow, another for desert), soil profiles, LAS (Large Aperture Scintillometer).
(2) Observation ltems:
a. wind speed/direction, air temperature/relative humidity, air pressure,
surface temperature, precipitation, radiation;
b. Latent/sensible heat flux, soil heat flux, carbon dioxide flux;

c. Soil temperature, soil moisture, soil water potential, water table depth;
d. Leaf area index.

Sandy dunes
— . —>» High-altitude
& (186.2--199.8m)

Transitional zones
+ =mp Medium-altitude
(185.8--190.4mm)

Meadow lands
+ =p Low-altitude
(188.6--189.5m)

Transitional zones
. =3 Medium-altitude 1
it Meteorologlcal
: ; Observation
andy dunes
. ==p High-altitude
(190.9--200.3m)

Desert
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2008* . .
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Hydrology Enhanced Land-surface Process model
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3.2 HELPS/EE AL W& (HELP-C)

HELP-C (HELP coupled with Crop growth model)
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演示者
演示文稿备注
在仅考虑气象因素的情况下，冬小麦和夏玉米的干物质均呈下降的趋势（Liu et al., 2010）。其主要原因是气温升高缩短了作物的生长周期以及太阳辐射的减少降低了光合作用产物。另一方面，作物品种的改良能够抵消气候变化对作物干物质的这种负面影响。

小麦NDVI变化的另一可能原因为大气CO2浓度的增加。已有研究表明， CO2浓度升高所引起的“施肥”效应能够显著增大小麦产量（Amthor, 2001），但对玉米产量的影响甚微（Leakey et al., 2006）。
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B To assess/predict |mpacts of the climate change

** Understanding the eco-hydrological processes
+» Effective model to simulate the soil-vegetation-atmosphere interaction

Climate change

Water available Crop

Water demand Vegetation
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Elasticity of total runoff
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4.2 B FRiEKARBEFEARENSIERES T

Budyko Hypothesis (1974): E/P=f(E,/P)

Water limited Energy limited
1.2 r o
: Y N
1.0 P o L e e
. el .4
=
0.8 '
06 :
[ !
R . 5
2" I
g4 K |
B3 F l
¢ Budyko HH £k
OO 1 1 1 1 1 1 1
00 02 04 06 08 1.0 12 14 16 18 20

P/ Ef )

® In dry climate, change of actual evapotranspiration (E) is dominated by
change in precipitation (P) rather than in potential evaporation (E,).

® In humid climate, the change of actual evapotranspiration (E) is controlled
by change in potential evaporation (E,) rather than precipitation (P).

Yang & Sun, et. al, Geophysical Research Letters, 2006 46



Elasticity of annual runoff to the climate change

E— E.P / Neglecting change of S R=P-— E,P -
n
(P” +E] )l ! catchment storage (P” + Eg)

By differentiating > dR = ¢, -d—P+ g, dEo

R P E,
(1-0E/oP)P
& = = Elasticity of runoff to change of P
£, =— OE/0E, -E, Elasticity of runoff to change of E,
P-E

Yang, et al., Water resources Research, 2009. 47



Elasticity of annual runoff to the climate change

From Penman equation:

E -2 R -G)/ i+
A+y A+

.6.43(1+0.536U,) (1-RH )e, / A
y

Differentiating ok ok an oE .dRH

>dE, ¥ —>-dR +—>-dT + dU, +—2
oR oT oY, ORH

n

Substitution dR dP dEo

>—:6‘1._+82._

R P E,

dR dP dR, du, dRH
-Ecwr5+@%?;ﬁffmT+Q%Irﬁ£ﬁfﬁr
n 2
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Elasticity of annual runoff to the climate change

_ n
— = 51—+5253—+5254dT +8255U—+5286W

du, dRH

2

drR _ dP IR
R P i
: :;(1—ﬂ J
P—E oP P=P,E,=E,
E, [ of J
E, =—
P-E aEO P=P,Ey=E,

o OR; R,=R, . T=T U,=U, RH=RH

1 oE,
E,=="—

Eo oT R,=R,,T=T U,=U, ,RH=RH
. - U, ok

EO aUZ R,=R,,T=T U,=U, RH=RH

RH OE,
Eg =—="

Eo ORH R,=R, T=T U,=U, RH=RH

Yang, et al., Water resources Research, 2011.



Predicting change of runoff due to the climate change

I I

| | ' ] ! ' | |
98°E 102°E 106°E 110°E 114°E 118°E

» Hydrological station I inland rivers basin, No. 1~7 catchments

) ) II Tibetan Plateau in the Yellow River basin, No. 8~16 catchments
Meteorological station

1l Loess Plateau and the plain in the Yellow River basin, No. 17~70 catchments
1V Haithe River basin, No. 71~108 catchments

e Catchments have less human activity
e Drainage area varies 271~98414 km?
e Dryness index (E,/P) varies 1.16~6.80

1, ..., 108 Serial number of the catchment

38°N 40°N 42°N

36°N

34°N

20



Predicting change of runoff due to the climate change
T O AT pree prtation will induce 1.6-3.9% annual

runoff change: 1.6-2.1% in the upstream of Yellow river; 2.6-3.9% in the
middle and lower reaches of Yellow River; 2.6-3.2% in the Haihe River.
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Predicting change of runoff due to the climate change

One C increase of air temperature will induce -11~-2% annual runoff
change: -5~-2% in the upstream of Yellow river; -11~-5% in the middle and
lower reaches of Yellow River; -7~-2% in the Haihe River.
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4.4 SIRZRER T RBAESKIEZLS

GCMs “r CORBERM
*MPI (Max-Planck-Institute for Meteorology, 1 &) sl
*GFDL (Geophysical Fluid Dynamics Laboratory, &) ;é‘“":'
*MRI (Meteorological Research Institute, H4<) EQZZ
*NCAR (National Centre for Atmospheric Research, 3 [#) R o o 20 2010 2020 250 040 200
*HADCM3 (UK Met. Office, #H ) A1BIEE. 1.364%

|
R, RIE. BFEW
FEHEE. 1960~20094F

% 8] fE R M%eﬁﬁlﬁ
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SRR E oizgt. NEE23%, EHKEH-09%
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