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EEC Project structure UM

Deutseh-Chinesisches Zentrum
GLUES :
Global Assessment of Land Use Dynamics on Greenhouse
Gas Emissions and Ecosystem Services

WB 1: Organization
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Deutseh-Chinesisches Zentrum

= Mesoscale: Project Area Yengibazar I
\/

0 05 1 2 3 4

- area (80 km?) located in the Tarim
Populus Euphratica National Forest Park

- land use systems:
Legend - agriculture

=wmsm Project Area

B i o - natural Tugai-forests
— R - desert vegetation

| Tarim River

= Main Street

Streets

\\\\\\\\\\X\\\\\\\\v Tracks - Huge natural floodplains and direct

Main Canal

| %//Z':' L& . . connection to the Tarim
lili’\ "'I‘

- dramatic land use change (cotton fields)

YEARS |AREA (km3]  EVOLUTION (%)
2004 11.1651
2007 14.3025 28.10%
2011 19.4219 73.95%
2012 21.2190 90.05%
e 2013 25.4196 127.67%

Terra SAR-X 19.09.2011

Source: Patrick Keilholz

@ 0 markus.disse@tum.de 4
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rﬂ’\’\f\/\/( Evapotransplration

Hydrological models

(potential ~3000mm/a) N\

{ From soil and/or From root 3

k water surface zone

< D - T

-~
LG5

AN

A

2-dimensional

Net i
precipitation
(< 50 mm/a)!

1 (rectangular grid

Infitration

wwwww

wwwwwww

Water table
rise and fall

3-dimensional saturated
flow groundwater model Exchange through

(rectangular grid) seepage faces

(

" Abstraction,
1 overland and U wells and
i channel flow model recharge }
B v > e \l

&

)
/
~/

I

1-dimensional
unsaturated flow
model for each
grid element

across boundaries

TUTI

Model: MIKE SHE

- Modelling 2d-
surface water
with the diffusive
wave

- Groundwater
module

- lIrrigation module

o g
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Lite ~ Modeled flooding for the year 2012

4576000

4576000 4576000

4575000

4575000 4575000

06TAUG 2012 .

4574000 4574000

4573000 4573000 4573000

4572000 4572000 4572000

4571000 4571000 4571000

4570000 4570000 4570000

4569000 4569000

4569000

4568000 4568000

4567000 4567000 4567000

4566000 4566000

4565000 4565000 4565000

4564000 14564000 4564000

4563000 4563000

272000 274000 276000 278000 200000 735G REDR BN 270000 200000 272000 274000 276000 278000 280000

4570000 4576000

4576000

4575000 hesbond i hd
4574000 4574000 4574000
4573000 4573000
4573000
4572000 72000
4572000
depth of averland waber
471000 571000
4571000 lim]
4570000 ?I] - ?5
ss70000 o B5-70
B0-B5
4560000 4569000 £5-80
4569000
S0-58
4508000 1 4568000 45-50
4568000 a40-48
1547000 - 35-40
4567000 30-35
. " £5-3.0
4566000 20-25
1.5-4.0
4565000 4565000 1.0-18
- 05-10

Il o01-05
[ Beiow 0.1
[ undetined Valus

4564000

4563000

4563000

Source: Patrick Keitholz= = = ==

212000 274000 216000 278000 200000 272000 274000 276000 278000 280000

’_(j markus.disse@tum.de 6



h 8
EECE

Changes in the groundwater levels (2012)

— - 4576000 4576000
4575000 1 5 \J U n 20 1 - 4575000 4575000
T 4574000 574000
o 4573000 4573000
4572000 4572000 4572000
4571000 4571000 4571000
4570000 4570000 4570000
4569000 4569000 4569000
4568000 4568000 4568000
4567000 4567000 4567000
4566000 4566000 4566000
e 1565000 4565000
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S 1563000 4563000
raz s S8 s 55 212000 274000 275000 272000 220000 212000 Zraa00 275000 773000 220000
4576000 4576000 g - v —
4576000 5 ¢ )
25. 0kt'2012+
-
4573000 4575000
4575000 —— A
( ) )
4574000 4574000
4574000
57000 4573000
4573000
4572000 4572000 head elevaltion in saturabed
4572000 zone [m]
4571000 4571000 Above BEXO
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4570000 P
asro000 B 5515 - 8520
I ec1.0-8615
4580000
_— 4569000 BED.S - BE1.0
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4568000 o BS5.5 - 8800
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a0 _— £58.5 - 8540
4567000 Bs8.0-8585
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1564000 o BS5.0 - 8555
as84000 Below 8550
Undefied WValue
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4563000
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_Source: Patrick Keilholz =~ == == ==
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Landuse- and climate scenarios '|'|_|T|

Climate change

Major Scenario Extension of : : -
: . Tarim- Rainfall in area
scenario No. agriculture . Temperature :
Discharge winter/sumer

1.1 Past2004 8,1 km? MQ 0°C 0%
1.2 Present 2012 19,3 km? MQ 0°C 0%
1.3 Future 2050 L 32,2 km2 MQ 0°C 0%
14 Future 2100 L 34,5 km? MQ 0°C 0%
21=1.2 Present 2012 19,3 kmz? MQ 0°C 0%
2.2 Future 2050 K 19,3 km2 HQ +2,2°C +5 %/ +10 %
2.3 Future 2100 K 19,3 km? NQ +3,0°C +10 %/ +20 %

| Source: Patrick Keilholz

% ’_(j markus.disse@tum.de 8
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Deutseh-Chinesisches Zentrum

Changes in the flooding by land use changes
= Tum

A

Szenario 1.3: 18. Aug.2004 Szenario 1.2: 18. Aug. 2012 Szenario 1.3: 18. Aug. 2050 Szenario 1.4: 18. Aug. 2100

Ausdehnung: 35,8 km?
Volumen: 48,8 Mio m?®

Ausdehnung: 32,6 km¢

Ausdehnung: 45,8 km? ;
Volumen: 45,3 Mio m?®

Volumen: 58,4 Mio m?3

/' Ausdehnung: 58,2 km?
Volumen: 67,3 Mio m?

| Source: Patrick Keilholz

% | Ol markus.disse@tum.de 9



Effects to the vitality of the natural

hinesisches Zentrum

M=
W EEC!

vegetation by land use changes

RID

uMal

plus climate changes
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| Source: Patrick Keilholz
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h 8 . . .
Mec:.  Macroscale: Tarim River and irrigated areas

= Water availability & allocation
In a sustainable way

= Climate and land use changes

= Vitality of the Tugai-vegetation
at the lower reaches of the
Tarim

Source: Yu Yang

@ | O markus.disse@tum.de 11



Deutsch-Chinesisches Zentrum

h 8 . . ..
M=E.  Macroscale: Tarim River and Irrigated areas

uMaRi

® e e en wrkawenee i ot
DEFW R YR

Water and Land
Management
Tool: MIKE Hydro

MIKE™

oo =% Godal g # o e Goble

lnfagery ©2014 Terralietrics magery ©2014 T

7

oogle 0gle Google 3 bogle i
gy oot Taraes 003 inagey @214 Tratities 003 ey 82014 Taratiies 003 gy 2014 Teatitis ingy 2004 T 003 magey 6
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Simulation

Gouvgle
IiBgery @201 4 Terra) 3 ©,

00 )8[\'

Source: Yu Yang
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Deutseh-Chinesisches Zentrum

g,
 uvario

¢

\ Y

~T0 maintain cofton
production while
reducing water:

use, TAW.04is

recommended.: s

s 7S

Eva

otnspiration

Tarim Water Allocation module
Yield performance of crops

Water use-yield relationship:
ETE}
ET,

Yield performance of crops based on
fraction of total available water (TAW)

Yo
{1—a} = K,(1-

—+ Wheat = MNaize —+ Sugarbeet Bean
. ——Melon -=Cotton ——Tomato
I S a
+ —— - 1:.‘“
- .
~_ .

Irrigation
Rain

saluration '
field capacityt 5 ‘ - “ ¥ ,
18/ Iraw e
threshold} | £ ¥ /
P TAW
wilting point Yang Yu,
| ~ 2015
Capillary Deep (Water
Rise Percolation v = = = ‘ ‘ ! 2015, 7)
TAW=0.7 TAW=0.6 TAW=0.3 TAW=0.4 TAaAW=0.3 TAW=0.I TAW=0.1 !
Irrigation methods
@ 0 markus.disse@tum.de 14
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M eEc:L Tarim Water Allocation module

N

Drip irrigation under mulch (DIUM)

Water-saving irrigation TI'ITI

;s average infiltration depth over entire field surface

muuuumuuumuuuuumum
[e=1E, |

\////\\\ el // //\\\

—fu——>
1

Five DIUM scenarios and simulation results.

% DIUM % WF % WS
10 91 6
30 73 17
50 55 25
70 37 32
100 10 40

% DIUM: percentage of applied drip
irrigation under mulch in the field.
% WF: percentage of wetting fraction.

% WS: percentage of water saving.

Source: Yu Yang

markus.disse@tum.de 15



/W EECi L Macroscale: Groundwater module

T =
y s B
([~ /SuMaRi@.—

% o
\flj_g{__:__;_—;/’

- Derived by the groundwater model MODFLOW
- Distinguishes between different groundwater recharge processes

MODFLOW:
USGS three-
dimensional
finite-
difference
ground-water
model

200 300
e <ilometers

% ’_(j markus.disse@tum.de 16
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Establishment of SOTER Database

Area attributes Geometric data
* (SOil & TERrain Database) is a spatial —
database with focus on soil and terrain 1M O
conditions é » Map units
e connects various digital maps of different Ter,am& "
scales with their attribute data S e R
* forms appropriate input and output data 1:i

for simulation models on regional scale Soi Profile set
component ik M | B Soil profile ] Soil horizon

1:M = one to many

Constructed by overlaying maps:

& ; * Geological maps (available)

> * Soil maps (prepared)

* Slope maps (from SRTM90m)

* Land use / land cover maps (Landsat)
* Map of soil salinity

17




UNIVERSITAT HOHENHEIM

The soil map of Aksu-Alar region

47000P 480000 490000 500000 510000 520000 530000
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g 3
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Soil Types (WRB, 2014) Soil Types WRB 2014
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The soil map of Yingbazar region

255000 265000 270000 275000 280000 285000
1 1
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n n
= g
=l wF "B A O FEmSSA. T B e ke =3
=3 -o
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wn w
<t Al
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o =]
~ ~
n wn
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Soil Types:

AR: Arenosols
AT: Anthrosols
CM: Cambisols
FL: Fluvisols
GL: Gleysols
GY: Gypsisols
SC: Solonchaks

4565000

.

T soil Types

| |AR-ha| | FLst [ oA [ Iscggy @ Soil Profiles
B~ [ |Fisz [ | erg [l sc-sopu —— Road

- CM-l - GlL-aq I:l SC-fl - SC-so.gy - Tarim River
P cvg [ elar [ ] scal
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Soil survey: Dominant Soil Types

Gleyic Solonetz Salic Solonetz Puffic Solonchaks 20
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Calcic Gypsisols Calcic Gleysols Gleyic Fluvisols )1
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Cotton yield simulation with the EPIC model

* Soil salinity was the major limiting factor for the simulated cotton yield with the
EPIC model

7

*

MAN

e
¢ y = 6.7842¢70.015
¢ R?=0.9889

)]

(2}

D

w

I

Average of simulated cotton yield [t/ha]

[EEY

0 10 20 30 40 50 60 70 80 90 100

ECe of topsoil [mS/cm] 22
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Cotton yield simulation with the EPIC model

470000 480000 490000 500000 510000 520000 530000

4510000
4510000

4500000

4500000

4490000
4490000

Simulated Cotton Yield [t/ha]
with EPIC Model L

B 1 00-200 5.01-6.00
P 2.01-3.00 [ 6.01-7.00

4480000
4480000

3.01-4.00 [ 7.01 <
0 25 5 10 15 20
S s e ™ s e | 1) 4.01-5.00 2
g | | | S
o =
5 T T T T T 5
+ 470000 480000 430000 500000 510000 520000 530000 <+

The total simulated cotton yield in the region under current conditions = 328,700 t -
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Il Drip irrigation under plastic mulch

Drip line Plastic mulch Drip line Drip line Plastic mulch
Drip line
' Bare Soil "
| 3 4
- = - o -
| | | |
20cm I 40cm I 20cm 60cm 20cm 40cm I 20cm

©J. M[]Iler| Institute of Agricultural Engineering | Tropics and Subtropics Group
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UNIVERSITAT HOHENHEIM

\ nn /
\//

Il [ffect of plastic mulch on yield

9
under mulch
P without mulch
8 - _
—~~ 7 =
Im I
<
©
© 6+ L
>.
5
4
¢ F G
Treatments

©J. MUIIer| Institute of Agricultural Engineering |Tropics and Subtropics Group
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Il Deficit irrigation

200 10

190 H

180

170 A

160 S

150

L BUY PIBIA

140

Irrigation amount, mm

130

120 S

Treatments

© J. Mller| Institute of Agricultural Engineering | Tropics and Subtropics Group
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Bl Salinity after winter leaching

Conductivity [ps/cm] Conductivity [ps/cm] Conductivity [ps/cm]
0 500 1000 1500 2000 2500 . 0 1000 2000 3000 0 1000 2000 3000 4000 5000
ﬂ y § 1 {' L) ¥ M §
10 10 - 10 -
20 - 20 - 20 -
T 30 1 ?3*3 = 30
= 40 A 240 E. 40
—
‘:.'._ 50 e (15-Nov-13 '§_'51] E. 50 e 0 Hir- 13
= L] =] e (5 Hiov-13 60 -
ol ] -Now-13 =] Hw-13
] 70 A i 21 M- 13 70
20 e (15-Dieg-13 g0 80 sy (15-Dhc-13
sy (15-Diag-13
20 b 17 Mar-14 %0 . —
100 T 100 - cmpp 12-Mar-14 100 - 12-Mar-14
Control 1200 m3.hal 3600 m3.hat

©J. M[]Iler| Institute of Agricultural Engineering | Tropics and Subtropics Group
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Il Soil moisture content after winter leaching

Mass soil water content [%] Mass soil water content [%]
0.0 50 10.0 15.0 0.0 10.0 200 300 0.0 10.0 200 30,0 40.0
0 : : : 0 : 0
10 10 10
20 1 20 A M0
— 30 =30 EBD ]
.E 40 54-0 E‘m ]
"E,Sﬂ - 850 - e 06-Hov-13 g0 e 613
. M- 13 o
[=] &0 4 o0 - 60
2] Mor-13 —a— 21013
70 | =2 1-Hon-13 T - 70
20 80 i (13- D13 g0 - s 5 Diec-13
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ad 90 - on |
e 1243114 ot 12 M- 14
100 g 12 Mfr-14 100 - 100
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©J. M[]Iler| Institute of Agricultural Engineering | Tropics and Subtropics Group



Input for the Decision Support System (DSS) T|_|T|

Two connected branches of computation

Tarim Water Groundwater
Allocation module module

MIKE HYDRO MODFLOW

@ markus.disse@tum.de 29
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SuMaRiO DSS TI.ITI

[& suMario = x|
File Edit Tools Help
Rdd aaaq

Edit g X | = Landuse Change | ~ Soil Salinization Change = Water Allocation > ESS Results = ESS Utility Values

Planning period ‘ (2012 ~|[Alar-

TR =
4!

Define your planning years @

Landuse map
- — Unused Land
Calculation from 2012  to 2013 3|
. Tarim
Firstyear 2012 [ Grassland

Seconi e 20?75 Natural Vegetation
—— Riparian Forest High Densi

Third year 2050 '3 . £ g 2/

[l Riparian Forest Low Density

Urban Vegetation
[ other Agriculture
Cotton

o RS e T
?.%QE% .4 Tool for planning and
e 1“*’ evaluating management
alternatives on the basis
of different ecosystem
service indicators

Climate scenario

Management alternatives

J
Socio-economic scenario ‘
|
Goals and Weights ]

Source: Marie Hinnenthal

@ | O markus.disse@tum.de 30
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SuMaRiO DSS
User input: Climate scenario

[& sumario =i x|

File Edit Tools Help

I HA Qaq

Edit &x | ~  Landuse Change | = soil Salinization Change | ~  Water Allocation | ~ ESS Results | -~ Essutiityvalues |

Planning period ‘ (2012 ~|[Alar—xi

B v]

Climate scenario ‘

Landuse map
Choose one dlimate scenaric @ Unused Land
) . Tarim
@ Scenario 1: A1B . Grasdand
’ Scenario 2: RCP 2.6 Natural Vegetation
Scenario 3: RCP 4.5 . Riparian Forest High Density
() Scenario 4: RCP 8.5 . Riparian Forest Low Density
Description Urban Vegetation
Scenario Temperature ch Precipitation che - Other Agriculture
2030 / 2050 2030 / 2050 Cotton
AlB 10C12.206 7.0% / 15.1%
RCP 2.6 0.9°C/1.2°C  10.0% / 10.0%
RCP 4.5 0.8°C/1.7°C  12.0% [/ 14.0%
RCP 8.5 0.9°C/2.4°C  13.0%/ 16.1%
Socio-economic scenario ‘
Management alternatives ‘
Goals and Weights ‘ SuMaRi
Run

Source: Marie Hinnenthal

| 0 0| _ o markus.disse@tum.de

2000 2050 2100
Jahr
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SuMaRiO DSS

uMaRi

User input: Socio-economic scenario

.File Edit Tools Hejlp
I REHE aaaq

| Edit a8 x{[ = Landuse Change | ~ soil salinization Change | ~  Water Allocation o~ ESS Results ~  ESS Utility Values

Planning period |

(2012 +] [Alar = Xingi -

Climate scenario |

Socio-economic scenario |

Landuse map
Unused Land
Defnie a socio-economic scenarioc @ . Tarim
[ Grassland
2012 | 2030 | 2050
| Natural Vegetation
Indicator Value Unit
. Riparian Forest High Density
Costs for running cotton 10000 RMB/ha
[l Riparian Forest Low Density
Costs for running fruits 25000 RMB/ha Urban Vegetation
Costs for running other crops 5000 RMB/ha . Other Agriculture
Selling price of cotton 8400 RMB/t Cotton
Selling price of fruits 12000 RMB/t
Selling price of other crops 2000 RMB/t

Management alternatives |

Goals and Weights |

[ mn ]

| f;y markus.disse@tum.de 32
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SUMaRiO DSS

uMaRi

User input: Management alternatives

.File Edit Tools Hejp
Lkl aaa’

| Edit 8 x | = Landuse Change | ~ Soil Salinization Change &= Water Allocation - ESS Results = ESS Utility Values

Planning period

(2012 +] [Alar - Xingi -

Climate scenario |

Socio-economic scenario Landuse map
Management alternatives Lnicediband
. Tarim
Define management alternatives @ . Grassland
| Natural Vegetation
Alternative B + - . Riparian Forest High Density
Indicator . Riparian Forest Low Density
[ Alar — Xingi v] Urban Vegetation
[ other Agriculture
2012 | 2030 | 2050
) Cotton
Parameter Value Unit
Household and Industry 2 %
Flooding of Natural Vegetat... 0.101675 %/100
Drip Irrigation Share 50 %
Subsidy 150 RMB/ha
Landuse
Land use type (first year) Share =
Unused Land 61.3355 % £
Grassland 3.0111 %
Natural Vegetation 4.89663 %
Riparian Forest High Density 0.53344 %
Goals and Weights |
Run

| Ol markus.disse@tum.de

33



| SuMaRiO

Q@ Q aRIO DSS T
S **E Weights and Goals

Socio-Economical Indicators

Management alternatives

se Change ~ Soil Salinization Change | — Water Allocation - ESS Results ~ ESS Utility Values |

Goals and Weights

E Alar — Xingiman =

Alar — Xingiman -
Landuse map
Indicator Weight Goal Unit Unused Land
4 Agriculture 4,00 E = :::land
4 Provisioning se.. 5,00 El | Natural Vegetation
Cotton pro... 4,00 = 0,00 ] million t Il Riparian Forest High Density
Fruit produ... 4,00 %] 0,00 %] million t o Z’Z,va;tf;"w e
Production ... 5,00 0,00 £ million t B other Agricuture
Farmers inc... 5,00 £ 0,00 2 million RME Sefton
4 FRiparian Forest 3,00 E
4 Provisioning 5e.. 2,00 El
Biomass pr... 2,00 £ 0,00 2| million t
4 Regulating Serv... 4,00 E
Drifting dus... 4,00 0,00 ] kg
Sand mobili... 4,00 £ 0,00 2| million t
Wind control 3,00 E 0,00 E attenuation
Carbon seq... 3,00 0,00 £ million t
4 Supporting Ser.. 4,00 @
Species 3,00 E 0,00 E nurnber
4 (3rassland 4,00 El
4 Provisicning 5e.. 3,00 @
Apocynum ... 3,00 = 0,00 ] million t
Reed produ... 3,00 0,00 £ million t
4 Regulating Serv... 4,00 @
Drifting dus... 4,00 = 0,00 2 kg markus.disse@tum.de 34
Sand mobili... 4,00 0,00 £ million t
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SUMaRiO DSS

uMaRi

Output: Landuse changes

File Edit Tools Help

L kHd aaa

[ = Landuse Change s Soil Salinization Change = Water Allocati o ESS Results o ESS Utility Values

(2012 ~] [Tarim -

Natural Vegetation

Riparian Forest High Density
Riparian Forest Low Density
Urban Vegetation

Other Agriculture

Cotton

uMaRi

markus.disse@tum.de 35
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SUMaRiO DSS

uMaRi

Output: Soil salinization change

File Edit Tools Help

Rk aas

Landuse Change I = Soil Salinization Change o Water Allocation <> ESS Results

i

ESS Utility Values

[2012 ~| [Tarim ~|

ECe (saturated paste extraction)

0 mS/cm
1 - 10 mS/cm
11 - 20 mS/cm

21 - 30 mSfcm
|| 31-40mS/cm
[ 41-50ms/cm
[ s5t-60ms/cm
. 61 - 70 mS/cm
Bl 7:-80ms/cm
. 81 - 90 mS/cm
. > 91 mS/cm

uMaRi
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@ SuMaRiO DSS | M
o Output: Monthly discharge volume Tarim

= SuMaRiO
File Edit Tools Help

HA Qs

| = Landuse Change | = Soil Salinization Change | = Water Allocation - ESS Results - ESS Utility Values

T e S|

Alternative 2012  ~ | Reservoir 1788,11 [million m~3/year]
Graphics

Outflow Tarim [million m~3/month]

2012 2012 2012 2012 2012 2012 2012 2012 2012 2012 2012 2012
Jan. Feb. Mar., Apr. May Jun. Jul. Aug. Sep. QOct. MNov. Dec.
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Deutsch-Chinesisches Zentrus
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- SuMaRiO DSS TLT
/ Output: Indicators for different ESS and lumped utility values

o0 S|

= SuMaRiO
File Edit Tools Help

HEHA Qe
-

Landuse Change | = Soil Salinization Change > Water Allocation ESS Results > ESS Utility Values

Alternative

Graphics

£S5 Result Indicator
Drifting Dust Contorl By Riparian Forest [kgl Cotton Production [million t]
Fruit Production [million t]
a6 ~—&— Alar — Xingiman Production of Other Crops [million t]
Xingiman — Yingbazar
- Yinghazar — Qiala Farmers Income [million RMB]
32 ' —+— Qiala - Taitema Lake Biomass Production [million t]
28 Sand Mobilization Control By Riparian For...
Wind Control [% attenuation in 2 m height]
2,4 F O t t' Carbon Storage [million t]
. _u% Mean Species [number]
= . . . . .
£ o Quantitative results for single indicators (e.g. t/a) A T
Reed Production [million t]
and
g . . .
Utility values for ecosystem service indicators
1,2 -
08 - 1 1
- » Enables comparison of management alternatives
mREmwr w Wy e mr m mowrow o owow @f MaRi0
Year

o g
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SuMaRiO DSS TI-ITI

" Ymario _ :
@ Chinese Version
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R aaa
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EREESE |
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Outlook: Tu.“

\i\ >
\g /

How can we realize a sustainable land and
water management (along the Tarim)?

Reliable models / DSS of the hydrological, ecological, {
economic and social impacts (scientific work!)

Management alternatives should be evaluated by
suitable indicators (ESS approach!)

Acknowledging different stakeholders simultaneously
(e.g. water, agriculture, forest, ecology, economy)

Provision of technical training, PhD and MSc students 2y
for education and capacity building (educational work!) F22

Transfer of knowledge by workshops and conferences
In a holistic way (5-year plan)
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