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The extreme arid zone is 

10 million km2 in the world

China accounted for 1/5

Oasis Area 9.3%，
95%of Population

China Oasis Map

Akesu Station

Evaporation: 2500-3000 mm；
Annual rainfall: < 50 mm; 
Aridity:1.5- 4 

一、Challenges on Sustainable Oasis development 
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Water & salt movement from upper stream to downstream at basin scale
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The overall decrease 

in total glacier area

and mass from 1961 to 

2012 to be 18±6% and 

27±15%, respectively. 

These values 

correspond to a total 

area loss of 

2,960±1,030km2 , and 

an average glacier 

mass-change rate of 

−5.4±2.8Gtyr -1 .

Accelerated Glacial Melting
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Stream flows show increasing trends
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Alar

Trends/a +0.21 +0.15 +0.004 +0.003 -0.05

Break year 1992 1986 2010 2009 2010

Periodicity 4years
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1995)

4~8
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4~8
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(2002
-2007)
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Numerical model

△y=0.5cm

△y=1cm

△y=3cm

△x=3cm

Depth thr ths Alfa n Ks L

10 0.04 0.453 0.012 2 27.3 0.5

20 0.04 0.483 0.011 1.7 12.5 0.5

30 0.04 0.482 0.01 1.5 8.9 0.5

40 0.0386 0.453 0.004 1.8 11.4 0.5

60 0.0386 0.482 0.009 1.37 9.3 0.5

80 0.0386 0.474 0.005 1.35 4.7 0.5

100 0.043 0.486 0.006 1.35 4.5 0.5

表4 – 1 利用PEST获得以及实测的土壤水力学参数
Tab 4 – 1 The van Genchten parameter got though measurement and PEST inverse solution

Colum selected with blue means all the value is 
measured in the field 
Colum selected with  means  all the value is get via 
inverse solution using PEST

Material distribution map(left) , boundary condition and grid map

Pink Nodes means variable-flux boundary 
Red Nodes means Free-drainage boundary
Green Nodes means Atmosphere boundary 

White Nodes means No-flux boundary 

二、Methodology



where：S(h) is the actual root uptake; α(h) 

is root-water uptake water stress response 

function ，b(x) normalized water uptake 

distribution ,TP is the potential 

transpiration from EPIC ；Hgw is the 

averaged ground water table
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（Feddes,1978）

Interaction among inundation model, groundwater and soil water model

二、Methodology
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zone

River

W(1) W(2) W(3) W(i) ….

Where: W is the recharge include recharge 

estimated by soil water variation 

)( ,, kjinnn hHRIVCRIVQRIV  nkji RBOTh ,,

)( nnnn RBOTHRIVCRIVQRIV  nkji RBOTh ,,

（McDonald and Harbaugh, 1988.)

Interaction among  river package, groundwater and soil water model

二、Methodology



Atmosphere condition input
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Vegetation water stress 

Actual Vegetation growth
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where：Δbio is the optimal biomass growth, 

ΔLAIi optimal LAI growth， Δbioac is actural

biomass growth， ΔLAIi,ac is actual LAI grwoth，
REGi为water stress ，Hday is incident total solar 

radiation，RUE is radiation use efficience，Et is 

potential transpiration，Ea is actual transpiration, 

S(i) actual root uptake for each node in hydrus

profile 。

Optimal Vegetation growth

Interaction among vegetation growth model and soil water model

二、Methodology



New EVT package 1. Calculate soil evaporation and 

vegetation transpiration separately.

2. Modified the water stress function of 

EVT package

Daily GWD

Grow season 
averaged GWD

二、Methodology



TREHM: Calibration and validation

 Groundwater 
 Calibrated to 12 wells  in downstream 

二、Methodology
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GW variation curve after flood at 5,15,25,60day, river discharge to GW from221.59m3/m，197.06m3/m to 181.01m3/m

三、Simulations—(1) Simulation of river discharge to GW after flooding

GW level during  flooding GW level after  flooding GW level after a long drought

25days after  flooding5days after  flooding 75days after  flooding



GW variation curve after built dam  , river discharge to GW from 50.04m3/m，43.06m3/m to 29.49m3/m

三、Simulations—(2) Simulation of river discharge to GW after built dam

GW level during  flooding GW level after  flooding GW level after a long drought

t=50,60,65,95,135day t=30,50,55,75,125day t=20,30,35,55,95day



Simulated zone

Biamass of Populus

Stress parameter

当胡杨水分胁迫系数>0.5，胡杨的生物量累积量大
于0.7倍的柽柳生物量累积量时，该格点最终为胡杨。

对于不满足1条件的格点，当柽柳水分胁迫系数 大
于0.5时为柽柳，小于0.5时，为荒漠。

Plant type

三、Simulations—(3) Simulation of flood gate in middle reach 

DEM



GW water balance at 10th year GW water balance in 10 year
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三、Simulations—(3) Simulation of flood gate in middle reach 

GW movement

Flooding domain



GW water balance at 10th year GW water balance in 10 year
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GW water balance at 10th year GW water balance in 10 year

三、Simulations—(3) Simulation of flood gate in middle reach 

Variation of soil water(SW) in 10 years and water balance in 10th year 



Response of vegetation water stress to manual irrigation

GW water balance at 10th year GW water balance in 10 year
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三、Simulations—(3) Simulation of flood gate in middle reach 



Monitoring system
Nine observation sections includes:    

1. Discharge in each section 
2. 12 GW observation wells in 0- 1km
3. Vegetation monitoring such as: coverage

diversity, etc.
MODIS NDVI product:

16 day interval
250 m resolution

三、Simulations—(4) Simulation of GW variation after irrigation in lower 

reach 



三、Simulations—(4) Simulation of GW variation after irrigation in lower 

reach 
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四、Water Balance in Tarim River Basin

Operation nodes of water balance in the Tarim River Basin



Chengyi Zhao
An eco-hydrological model to analyzing riparian processes in middle and low 

reaches of Tarim
04/10/2015 29/60

四、Water Balance in Tarim River Basin

Runoff mainly origin from melted snow and glacier water, which account for 48% , 

the base flow and rainfall account for 24% and 28% respectively.

(1) Water Balancein mountainous area
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四、Water Balance in Tarim River Basin

(2) Water Balance in main Tarim River Basin
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四、Water Balance in Tarim River Basin

(3) Water Balance in farm land
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四、Water Balance in Tarim River Basin

(3) Water Balance in farm land
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四、Water Balance in Tarim River Basin

(4) Water Balance in middle  reach

英巴扎
34.06

沙吉里克
31.33

沙子河口
28.10

乌斯满
19.38

阿其河口
12.41

铁依孜
7.84

恰拉
6.18

英巴扎-沙吉里克
生态闸:北3南3
设计流量：128.4m3/s
控制林草面积：59.0万亩
耕地面积：7.1万亩

沙吉里克-沙子河口
生态闸:北7南5
设计流量：211.8m3/s
控制林草面积：129.2万亩
耕地面积：6.1万亩

沙子河口-乌斯满
生态闸:北7南2
设计流量：256.8m3/s
喀尔曲尕水库：0.18亿m3

控制林草面积：378.7万亩
耕地面积：6.6万亩

乌斯满-阿其河口
生态闸:北7南2
设计流量：58m3/s
塔里木水库：0.21亿m3

控制林草面积：238.2万亩
耕地面积：7.6万亩

阿其河口-铁依孜
生态闸:北5
设计流量：79m3/s
控制林草面积：101.2万亩
耕地面积：17.2万亩

铁依孜-恰拉
生态闸:北1
设计流量：20m3/s
控制林草面积：28.8万亩
耕地面积：4.8万亩

国民经济用水：6445.8 
水面蒸发：753.7 
河道渗漏：6291.2 
洪水漫溢：3933.2 
生态闸引水：9831.7 

国民经济用水：15608.2 
水面蒸发：892.6 
河道渗漏：7450.6 
洪水漫溢：4658.0 
生态闸引水：17090.0 

国民经济用水：5550.2 
水面蒸发：825.0 
河道渗漏：6886.4 
洪水漫溢：4001.7 
生态闸引水：15079.2 

国民经济用水：6021.7 
水面蒸发：1668.4 
河道渗漏：13926.3 
洪水漫溢：5063.7 
生态闸引水：60451.6 

国民经济用水：6904.2 
水面蒸发：1306.9 
河道渗漏：10909.1 
洪水漫溢：4088.0 
生态闸引水：46527.3 

国民经济用水：4363.1 
水面蒸发：377.6 
河道渗漏：3151.9 
洪水漫溢：8706.5 
生态闸引水：0.0 

丰水年

平水年

枯水年

国民经济用水：6445.8
水面蒸发：628.0 
河道渗漏：4194.1 
洪水漫溢：3124.5
生态闸引水：9041.6 

国民经济用水：15608.2 
水面蒸发：743.8 
河道渗漏：4967.0 
洪水漫溢：3700.3 
生态闸引水：14285.4 

国民经济用水：5550.1 
水面蒸发：687.5 
河道渗漏：4590.9 
洪水漫溢：3178.9 
生态闸引水：12533.4 

国民经济用水：6021.6 
水面蒸发：1390.3 
河道渗漏：9284.2 
洪水漫溢：4022.6 
生态闸引水：43034.4 

国民经济用水：6904.2 
水面蒸发：1089.1 
河道渗漏：7272.7 
洪水漫溢：3247.5 
生态闸引水：33247.2 

国民经济用水：4363.0 
水面蒸发：314.6 
河道渗漏：2101.2 
洪水漫溢：6916.5 
生态闸引水：3510.0 

英巴扎
27.40

沙吉里克
25.06

沙子河口
22.40

乌斯满
16.03

阿其河口
10.85

铁依孜
6.92

恰拉
5.20

生态用水
17.6

生态用水
13.98

国民经济用水：6445.8 
水面蒸发：502.5 
河道渗漏：2097.1 
洪水漫溢：2036.1 
生态闸引水：6903.2 

国民经济用水：15608.2 
水面蒸发：595.1 
河道渗漏：2483.5 
洪水漫溢：2411.3 
生态闸引水：10906.8 

国民经济用水：5550.2 
水面蒸发：550.0 
河道渗漏：2295.5 
洪水漫溢：2228.7 
生态闸引水：9569.3 

国民经济用水：6021.7 
水面蒸发：1112.3 
河道渗漏：4642.1 
洪水漫溢：4507.1 
生态闸引水：32856.6 

国民经济用水：6904.2 
水面蒸发：871.3 
河道渗漏：3636.4 
洪水漫溢：3530.6 
生态闸引水：25384.1 

国民经济用水：4363.1 
水面蒸发：251.7 
河道渗漏：1050.6 
洪水漫溢：1020.1 
生态闸引水：2679.9 

英巴扎
21.0

沙吉里克
19.2

沙子河口
17.18

乌斯满
12.26

阿其河口
8.24

铁依孜
5.03

恰拉
4.10

生态用水
10.4



Water balance  after 12 times  irrigation in lower reach 

Start Date End Date
Total water 

convergence
To Taitema 

lake
River 

leakage
Reseriver 
leakage

Lake 
leakage

Evapotras
ipiration

GW storage 
Change

2000-5-14 2000-11-2 0.99 0.00 0.96 0.07 0.00 -0.26 0.76 

2000-11-3 2001-3-31 2.27 0.00 2.16 0.06 0.00 -0.14 2.08 

2001-3-32 2001-9-11 1.84 0.00 1.79 0.06 0.00 -1.08 0.78 

2001-9-12 2002-7-19 1.98 0.00 1.75 0.12 0.06 -0.86 1.07 

2002-7-20 2003-3-2 3.31 0.08 2.53 0.08 0.07 -0.75 1.93 

2003-3-3 2004-3-24 6.20 0.37 4.96 0.14 0.10 -3.02 2.19 

2004-3-25 2005-5-6 1.12 0.00 1.01 0.15 0.00 -1.93 -0.77 

2005-5-7 2006-9-24 2.82 0.12 2.56 0.19 0.03 -2.17 0.61 

2006-9-25 2006-12-31 2.01 0.00 1.99 0.04 0.00 -0.18 1.85 

2000-5-14 2006-12-31 22.55 0.57 19.71 0.91 0.28 -10.39 10.50 

1. ET not only influenced by water convergence amount, but also groundwater depth and vegetation recovery status. 

2. Via scenario study, vegetation recovery during 6 year totally increasing 3.8% of total evapotranspiration. 

四、Water Balance in Tarim River Basin

(5) Water Balance in lower  reach



 TREHM model can simulate ecological and hydrological process in river system. 

Simulated results are helpful to understand riparian system and management water 

resources 

 The probability woody species(Populus and Tamarix) distribution patterns is 

predicted.Using TerraSAR-X data allows the detection of flooded areas in regions with 

dense vegetation

 Floodplains have a high influence on groundwater recharge. The protection of the natural 

Tugai-forests requires enough water running into the floodplains 

 Integrating the natural forests into the present agricultural land could create a win-win-

situation for agriculture (drainage) and the natural vegetation (water supply)

SUMMARY



Oasis
Agricultural Production

Ecosystem

Mountain
Ecosystem Desert

Industrial Production

Ecosystem

Water

Salt

Cropping Structure and Land Use Pattern in Oases

Farming, Animal Husbandry and Forestry Production

？

Strategy on Sustainable development 0f 
Oasis under Climate Change in Xinjiang 
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Output: 3000-5250 kg/hm-2，
Market price: 80～100 yuan/kg

Foison！！

VOLUNTARY REDUCTION POTENTIAL OF TAMARISK

肉苁蓉(Cistanche deserticola Ma)

Desert living Cistanche
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Thanks for your attention!


