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Impact of Alleviating Water Scarcity
on River Hydrological Process

in China Inland Rivers (CIR)
---- A Case study in Heihe river basin (HB)

Xiao Hongliang

Heihe Laboratory

(Key Laboratory of Ecohydrology of Inland River Basin, CAREERI, CAS;
Heihe Key Laboratory of Ecohydrology and River Science, CAREERI, Gansu Province)




Human impact on......

1. Hydrology can be used to regulate
biota;

2. Shaping biota can be a tool to
regulate hydrological processes;

» The two types of above regulations
can be integrated at the basin ...... :

From: UNESCO IHP-Ecohydrology Demonstration Project
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Outline

Water issues in CIR;
General of HB;

Reform water process;
Reform ecosystem;

. Water process In soci-econ system

Result of Water Issues
HB Major program of NSFC.




1. Water Issues in CIR

------

Natural Condition:
Water Scarcity in CIR

» China north is one of 13
countries of water scarcity
(UN).

CIR occupied 1/3 of China.
Annual rainfall <200 mm.

Water resource only 5% of
state’s. P VT I 15 - TR 34, 7%:

RV PELIX 8. 3%, E[EEVFEHLIX 6. 4%, AL UKEEIXO. 6%,

vy
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1. Water Issues in CIR

Human Impact:
Low Water Benefit in CIR

B AEFCR B £EHC hhay

750 m//

1000

Consumed water Irfigation ration /mm Water use rate /%
m3/10000¥ GDP

Water over-development, overuse,

Irrational management;
Rebuild / disturb water cycle;

® ¢ 6

Desertification.




1. Water Issues in CIR

B#r: EREBRERSKEE
Goal: Higher water benefit at a basin scale

Eifl Base :> AT Linker {RIE Guaranty

]
Integrated water management

migiFLE % R River Sustainability
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Water process In soci-econ system
Result of Water Issues

HB Major program of NSFC.




2. General of HB

Typicality
Centre of arid region of East Asia;

International river basin. Mongolia;

Qinghai, Gansu, Inner-mongolia;

2t-largest inland river in China;

Earliest irrigation agri. 2000a ago;

\\\\\\\\

Typical problems on water, | &l .

eco, envir. AR
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2. General of HB
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2. General of HB

4
Mountain
34% .
Oasis
9%

Landscape map of the Heihe River Basin
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2. General of HB

Typical landscape

Rainfall: 250-500 mm 250 - 100 mm 100 - <50 mm

5000

3000

___desert steppe

Vertical landscape in Mountain

desert
1000 - _ _ : .
Qianlianmountain Hexi corridor Alxahighland
Agri/forest/livestock(%): 9/59/47 16/32/21 15/9/32
Oasis / desert (%) 8.5% 3.3%

Special river eco-hydrological system: snowfield-forest-grassland-oasis-desert.




2. General of HB

Water balance in Upper strea

® >90% runoff, 3.333x10°m3, forms

above 3300m during Jun -Sept;
® Not runoff in forest zone.

9 BEMA: 2.7Hkn?

4 FRE: 1.76Akm2, LXHA: 0.94kn2

o L A 78k Altitude H 3 Area f% 7K Precipitation ZRBIET
Land type /m 1% Jkm? mm | /10°m® | /mm | /10°m®

KZlcelSnow | 4400-5500 | 0.2 | 475 | 650 | 3.09 | 289 | 1.30
A o et | 3900-4400 | 27.5 | 6275 | 453 | 28.40 | 196 | 12.30
Ay, | 33003900 | 361 | 10425 | 380 | 30.64 | 232 |24.20

#bkForest-steppe | 2700-3300 | 16.8 | 747 | 332 | 2.46 | 449 | 3.35
L& ESteppe | 22002700 | 94 | 8803 | 310 | 27.30 | 258 | 22.70
7% Desert | 1600-2200 | 2.8 | 7506 | 200 | 1501 | 141 | 1050
At 34231 115.90 74.35




2. General of HB

EaE b, b TFE. SKkEHESESF
Water balance in upper, middle, lower reaches
Precipitation s

WATER VAPOR FLOW (Green water)
Evapotranspiration

¥ -
o 4
E y
r 1. o
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o ¥

(Blue water)
LIQUID WATER FLOW

River flow
Water

Modified from Johan Rockstrom et al. 1999.



2. General of HB

Water balance at basin scale
KAJK Atmosphere water: 28 X10°m3, %0 [X
227K Surface water: Irrig. cropland 380 mm, Oasis191 mms.

JE /K Virtual water: export 5.58X108m3, in which farming
5.16X108m3, livestock 1.17 X 108m3,

FRENET P&JKRain 12%Runoff
94 1 42 48 50100 mm

/} r —f’ﬁ.‘ '54
‘ ¥ .»:!r)‘._' :‘

Juyanhai
g, 100- <50 mm 790m

S y5T% Mgy
\ g A4 R *D —7 + i ﬁ i
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Outline

Water issues In CIR;

General of HB;

Reform water process;

Reform ecosystem;

Water process In soci-econ system
Result of Water Issues

HB Major program of NSFC.




3. Reform water process

At 1000a scale: 5000-3000 a BP

Long-term dry with damp only once
In the sediment of the end-lake, Juyanhai

%éfﬁ(gzgg /—thl{%m%gj UIAIAEE Sediment environment LA FE K
2.98-2.7 FEEFE Very dry WIFH, ¥ H Lake, wet, dune Vi Desert
3.05-2.98 FE8 Dry K, 124h Shallow lake, erosion 2a&
3.1-3.05 FETE Very dry JRSIYY . Dune

3.135-3.1 T2 Dry TR/ HRIBIAH River, shallow lake

3.15-3.135 JEEFE Very dry Kb . Dune

3.5-3.15 E 3T 5 Damp-Dry YA /#AM River, lake, erosion VA River bank
5.25-3.5. T2 Dry WA, TEEMESIIMEAN Lake, MR B




3. Reform water process

At 1000a scale
EEREEY: HAA

Juyan lake drying-up: nature +man

o SXAAAET No faring (121 BC) L7
~EBEWEE

FKETTRE, LHSEE#Ez . KkE [

B, R, UHEWSE. ST A {
e JUEHE Reclaim (121BC-55AD) W%, & ¥’z
T | ¥ %

MXRRBERAMERE; AENEZEF s
BRRHH; BREEESNIDER. il
o EH K KB Agro-develop in
Qing Dynasty

AR ESRT (1808) sKRAMS3hH; #E. &
Z B A2 AS B —3, "—YhhEkE
BT R,

MRTR L7
vt %




3. Reform water process

NKKRZAL

Change of relationship
between people and water

> . JohTHEE, AMK;
In AD. 2000-1000, Human
follows water, oasis moved
fromStoN, EtoW;

> BVELICK, KM
After AD. 1000, water

follows human, oasis move
from lower to upper
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3. Reform water process

At 100a scale: an un-known driving force

#H [ &% Opposite trends? A& Same trends?

1.5

e
q) - —
4 @
R =
indayy ol >
=2 o] 0
a5 IE £
< 0 5%
= 0 N
— I, X 4=
= o 7% Uk %EEW Q
o Runoff of >
QL Mt. X

-1.5 L | L1 | 1 1 | 1 | L1 | 1 L 11-3

1820 1850 1880 1910 1940 1970 2000

TE 35 R254E (18200 HRiF AN 1128.2577, #Fih1077 AL; In 1820, 0.28 million people,0.1 hectare farmland;
F19964F, A [1123.2877 #3202 J3 /b, 7KEE100)H . In 1996, 1.23 million people,0.2 hectare farmland, 100 reservoir.




3. Reform water process

At 10a scale: BRI T e pusan
Artifical water system 3
replace natural one

W W N L L i i




AR ENLTT
Annual discharge/108m3

3. Reform water process

At 10a scale: a man-made change

TIRAMBAKIEFR: i EETE M 20038 260051, i FH K M80%ois /> 2130%.,
Rebuilding water cycle unprecedentedly
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DEPTH TO WATER #i F /K% (m)

3. Reform water process

At 10a scale: an un-hope result

it 32 AR T 34277 1 B R e R KA T [
Fall of groundwater level because runoff lessens 3x10° m3
in 1990s in lower reaches.

V\

/
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19881 H
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Groundwater levels Change in Ejina banner
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3. Reform water process

Ecosystem impacted by hydro-change at 10a scale
R KA T B SRR AR

Vegetation succession with fall of groundwater level

PEMN A
‘ Tamarix replaced

populus in 20
years

PR BAAEA]
Haloxylon replaced
Tamarix in 1000

years
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Outline

Water issues In CIR;

General of HB;

Reform water process;

Reform ecosystem;

Water process In soci-econ system
Result of Water Issues

HB Major program of NSFC.




4. Reform eco-system

Development above 3000m at small scale

Over-grazing, runoff 10-15%-+

Over-cutting, runoff 20%+
Farming doesn’t runoff




4. Reform eco-system

T HF SV EAR R R
Land use and desertification

3‘%‘ Closed i Over-grazing

TR #9787

Forest
( Populus
euphratica Oliv )

BEARIR crzmm
Shrubbery

( Tamarix chinensis )




eform eco-syst
,‘_" .dl_,'-“_, | #
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4. Reform eco-system

TKBRE R
Water-saving system

In the whole basin
|

RUTKkREG PRSI ER
Agro-water-saving Industry Seryice indugtr

iK%

society

life Inferior water

iﬂzﬂ‘fiiﬁm} [ % UK F }

| I [~ P |
{ TRk } { W K 1 R ZAK { LR K J T K

Engineering Irrigation Agriculture Biology \Management
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4. Reform eco-system

Improving WUR 25%-33%

coupling water with temperature

it 2l - ¥ i, N 7 Eﬂﬁz@%ﬂ, Gl !ﬂ-?ﬁ%m 2
No-tilland rldge cultivaties 48 | , . Interéropping + 'St} wmttlch

T R g i ke R e e -t

. -Wheatjujube e Maizesjujubes Poplar-clover




4. Reform eco-system

Water balance at cropland and community
Wheat, corn, trees and shrubs




4. Reform eco-system

Pattern of oasis system : 1+3

-, A A - A A

é v v 'H'A' A ; v ‘v 'H'q'

:-\';'*-"' ‘._F '. f o
w D Nt Nt v

Wind
direction




4. Reform eco-system

Water balance at oasis scale
with surface water irrigation

||t 1PPm PrpElRistion ||

7 HE@ éif?ﬂ“m

A T2

Irrigation:380mm

Groundwater:190mm l l lL

Groundwater:50mm | | |}

Dl ==

480mm

Artificial oasis
RIRGM Nature oasis  229MM

Ty Ecotone 150mm
FEHE Desert 100mm




4. Reform eco-system

Water balance at oasis scale
with ground water irrigation

Stable artificial oasis consumes water
750-900mm/a, in which non-agriculture
ecosystem uses up 25%.
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Outline

Water process in soci-econ system




5. Water process in soci-econ system

EHk#  Virtual water cycle

N
N

l/ K c’ﬂ: >
- .
Primary product internal production 1 39 9
5.
] ) QY / 2 o . 50 .
32 5o N " %4 k11748
G 3
19 &
6 / é”
T 3500 g | B SR AR I w50
______ %

Processed product
Transformed product &

CONSUMPTION

Figure  Mapping food product fluxes.




5. Water process in soci-econ system

BEF RGN ERERRI-ERTINESE
Value exchange transforms cycle of matter and energy

75 A Al 55

Commodity & service

BRI i

e || waE 5

producer consumer ﬁ
EFER

Production factor ibat energ

IEFRRESL:
ARFESRES
RFETE LR LE
Confirm people as a
sub-ecosystem to

link up observation

and experiment

BH: MK ERGE KFFRR: ETRENARTRS




5. Water process in soci-econ system

of system coupling
B2, K, B, B2

adjustment
of livestock,
grass and grain:

M-V-O mode

AR
L1 -] 25 -2
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Water process In soci-econ system
Result of Water Issues

HB Major program of NSFC.




6. Results of Water Issues

TR i = GBS el

Source= Save = Adjust structure = Socialization

AljiqeureIsns G4t fu

#4735 A £74E Sustainable social r

tion
/K75 3K Water requirement \ AH Popu\a
/

.1970s.... 19803, 000s./....

/

: Resource restoration

T
:Deficit 3 .
HEAEE T KU fiS: T Sustainable water use

Supp mang

D VER WIUEBE 252 Initial supply
& -initialz surplus : :
K& B FRTIKER gtk E = AR =L
Supply Tech.ws Structure ws Socialization

B KIIFE Reforming water process




6. Result of Water Issues

How to change ?
What Hydro-prodiction should answer !

¢ Rational water allocation at basin-scale

* Couple water, ecology, society and market;
» Allocation among upper, middle, lower, and industries.

¢ Improve water benefit in irrigation district scale

« Couple water with soil, light and temperature;
« Use rate: irrigation water-soil water-biowater — benefit.

¢ Social manag. of water res. infamong river basins

 Virtual water strategy in the world;
« Water-saving society----institutional, water right, laws/regulations.
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Outline

HB Major program of NSFC.




/. HB Major program of NSFC

Name: Integrated Research on the Eco-
Hydrological Process of Heihe Basin;

budget: 150 million RMB¥;
Time: 8-years;
Projects: 60 General Program and
30 Key Program.
Webset: www.nsfc.gov.cn/english/06gp/index.html

National Natural Science Foundation of China




/. HB Major program of NSFC

General targets :
Establish research platform which integrates
observation and experiment with simulation

BWAEYAME. BE. £FRE. B0, RBREESKCIEMALIERNE;
Reveal eco-hydrological processes on individual plant, community,
ecosystem, landscape and watershed scale;

Z B SARARAL AN RIE SR T P Rl R A S K SO R,

Describe the principal of eco-hydrological process in inland River
Basin under the impact of climate change and human activity;
RBREDIKCIBEREEBRITE

Develop method of scale transform of eco-hydrological processes
BVRAEES. KAHSLFKRBERER

Establish integrated model that coupled ecological, hydrological and
S0Ci0-economic processes.




600660

/. HB Major program of NSFC

Key scientific issues

Vegetation water use efficiency and its adaptation
mechanisms under water stress in arid environment

Interaction mechanism and its eco-hydrologic effect between
surface water and groundwater

Eco-hydrological processes mechanism and scale conversion
method at different-scale

Response mechanisms of watershed eco-hydrological process
under the influence of climate change and human activity

Methodological and technological synthesis of experimental
observation and data simulation.




/. HB Major program of NSFC

Research contents

1v KELERE. 5k kEFETLERE
Evolution of snow and frozen soil, and change of hydrology and water resources

2y MRS TR BT IR R H A S
Transform processes of surface water and ground water and their eco-effect

3 v FEIREE#H KD FIRSFEKNEDEH
Biological mechanism of water use and consumption of vegetation on multi-scales

4, HENEWREF/HES-K I RREEIERLE

Interaction mechanism of eco-hydrology process under typical vegetation pattern
S5\ REEF-ETKRGETILIE

Evolution processes of water-ecology-economy system at basin scale

6\ MIBESKIERRESREIHRL

Integrated model of watershed eco-hydrology and decision support system




/. HB Major program of NSFC
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/. HB Major program of NSFC

E| R EALIE
State Heihe Eco- engmeermg since 2002
G54, EZR AR TR, JREREIENE

In recent 5 years, 2.5x10° RMB, 2Juyan lake, terminal
lake recovered during the state eco-engineering.

Dry up in 1985; water area 23 km2 in 2006.

ELJEE M2 5, Juyan lake revives




Conclusion

Build a bridge between science and decision-making

JeE & Decision-maker PR,
ENIRpES S

. ESWR]
RELHRGE RE TR AR 17 1
System for decision-making

M

vl PR TR T
Forei(e:ﬁag’ltjlz‘l&zljé r% gﬁange RETm SR AL AK

7K STHEA H AR ZPr A AL AN
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