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SuMaRiO Sustainable Management of River Oasis (Tarim River)

Research Area and Instltutlons
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Jahr Bewohner

220v. Chr.— 6. Jh. n. Chr. (Fan zili) | 220.000 500 km?
1909 (Sven Hedin) 1.780.000 6020 km?
1949 (Fan zili) 3.040.000 7060 km?
1980 (Niels Thevs) 6.090.000 13.300 km?
1990 (Fan zili) 7.060.000 14.120 km?




TheSio-German project SuMaRiO is funded by the Federal Ministry of Education and Research
in the Funding-Measure ,,Sustainable Land Management - GLUES”.

Funding objective:

#INTERACTIONS BETWEEN LAND MANAGE MENT,
CLIMATE CHAMNGE AMND ECOSYSTEM SERVICES

MODULE

“All of the research projects work on
an inter- and transdisciplinary basi
in order to overcome barriers_«¢
between disciplines, to ing s

regional and local stakegfels[Sa=loes - i o
to elaborate action-og (= 1i-1¢ 3 - A e | = Of

concepts and strateg(-- s 16 |

B N=Lccxr0 O]
S ==|Lucci 000 =

The project consortlzaleelizalslf=
eleven German and ylli= & 113=5=
Universities and Resé
Institutions and various @[l (==
Stakeholders

== = -

The SuMaRiO-project started in March 2011 and will end in February 2016
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Extreme arid climate (Py,,, = 50mm)
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SuMaRi TI.ITI
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SuMaRi
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Sedimentation - Ecological
Desertification Consequences
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SuMaRi TI.ITI

Chinese Measures

« Upper reaches: water saving irrigation technologies

* Middle reaches: Channelizing of the Tarim River
- Avoiding seepage losses

—> Decrease of evaporation

r ﬁ Federal Ministry
f Educati i
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Overall goal of SUMaRiO SuMaRiO B B ¥z

» To support sustainable oasis management along the Tarim River
under conditions of climatic and social changes;

ESRZCANTEHANLE LT TR T FNBRATTRE MG

» To develop tools with Chinese partners that show the ecological and
socio-economic consequences of their decisions in a changing world;

HEWR G E(BESHFRFRTERBEMEXE—B) , AEHET(LTHHESR,
AMNBITAPFERBESHURELEFNER

» To identify options for optimizing economic, ecological, and social utilities;
HEWIAHRIETFT, £EENEWATRAL.

» To implement sustainable land management strategies.
S RS E AT AV AR RE
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SuMaRi

Project structure

---

Project coordination and
equipment management

Scenario management

Stakeholder dialogue and coordination
of knowledge transfer

GIS and DATA management

5
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@ Main Product: SuMaRiO DSS
SuMaRi
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SuMaRi SuMaRiO Web-Applications

Web-GIS solution

Metadata editor via
panMetaDocs

SuMaRiO Web-GIS

Sustainable Managemnent of River Oases along the Tarim River
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of knowledge transfer
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Matthias Schroeder, GFZ
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Monitoring and modeling of cryosphere

WP 2.2: Regional climate scenarios and
medium-term forecast of precipitation

Climate change impact
on water discharge

M.W. Aug 2012

of Education markus.disse@tum.de
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Michel Wortmann, PIK
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@ Characterization of the soils in the region TLITE

In situ description according to B

FAO guidelines (2006)

Assessment & analysis of the =

chemical and physical

soil properties

Karl Stahr, Univ. Hohenheim [ % s
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SuMaRi

Cotton yield estimation using EPIC model Tuw

Karl
Stahr,
uUniv.
Hohen-
heim
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Spatial distributed modeling of groundwater
recharge and impact of land use and climate
change at Yengibazar (Tarim River middle reach)

Ininn

'ngenieurffku'tétB%Gewmwe't Dissertation of Patrick Keilholz,
O o TUM (in German)

Lehrstuhl fir Hydrologie und Flussgebietsmanagement

SuMaRi

Auswirkungen von veranderter Landnutzung auf Down | 9] ad :
den Wasserhaushalt und die Auwaldvitalitat in

sifiEp Flissoase am TaHm (Chiha) http://www.hydrologie.bgu.tum.de/
index.php?id=88

Patrick G. Keilholz

Vollstandiger Abdruck der von der Ingenieurfakultit Bau Geo Umwelt der Technischen
Universitat Miinchen zur Erlangung des akademischen Grades eines

Doktor-Ingenieurs (Dr.-Ing.)

genehmigten Dissertation.

Vorsitzender: Univ.-Prof. Dr. sc. tech. Peter Rutschmann

Prifer der Dissertation:
1. Univ.-Prof. Dr.-Ing. Markus Disse
2. Univ.-Prof. Dr. rer. nat. Bernd Cyffka;
Katholische Universitat Eichstatt-Ingolstadt

Die Dissertation wurde am 13. Mai 2014 bei der Technischen Universitait Minchen
eingereicht und durch die Ingenieurfakultat Bau Geo Umwelt am 31. August 2014
angenommen.

r % Federal Ministry
f Ed i i
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Research guestions

= Groundwater recharge
Is it possible to quantify different water sources (floodplains, irrigation areas
and Tarim River leakage) which contribute to groundwater recharge?

» |nfluence of irrigation areas to the Tugai-vegetation
How do the irrigation areas effect the adjacent natural vegetation?

» Climate and land use changes
What is the impact of land use and climate change to agriculture and
natural vegetation?

3 Federal Ministry
@& of Sdﬁucationh markus.disse@tum.de
Sponsered by: | andfesearc
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SuMaRi

Research Area

= Natural floodplains with direct connection to Tarim-River

= Changing patterns of agriculture and natural vegetation

Zhaoey Tekesi
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= Tarim-gauging station G
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SuMaRi

Project Area Yengibazar TI_ITI

0 05 1 2 3 4

Legend

----- Project Area
':] Croplands 2007
[ croplands 2011
- Tugai forest
7} Tarim River
= Main Street

Streets

\\\\\\\\\\\T\\\\\\' -

¥ ‘\\\\\\\\\\‘“ ‘; @ Wels

\ Q\/ i
‘- _1/,||//

=i -lll,\

Digital Globe/ Google Earth 28.08.2007
Terra SAR-X 19.09.2011

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

land use systems:
- agriculture
- natural Tugai-forests
- desert vegetation

large natural floodplains

dramatic land use change (cotton fields)

YEARS |AREA (km®|  EVOLUTION (%)
2004 11.1651

2007 14,3025 28.10%
2011 19.4219 73.95%
2012 21.2190 90.05%
2013 25.4196 127.67%
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SuMaRi .
@ Model to calculate the hydrological processes TI_ITI

= 2-dimensional surface runoff
= [rrigation management

= Evapotranspiration

» Unsaturated and saturated soil water processes

- LU “‘ Il

r % Federal Ministry
of Education i
| J Sponsered by: i A markus.disse@tum.de

26



SuMaRi

Hydrological models

g
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Hydrologischer Prozess G
1D-Gewdssernetz 2D MIKE 11
Oberflachenabfluss 2D-Diffusionswelle X X
2D-Kinematische Welle - -
Evapotranspiration Sl I ] X Input
P P andere Ansitze X P

ungesattigte Bodenzone Richards-Gleichung 3D iD

Bewadsserung - X

gesattigte Bodenzone

finite Elemente 3D
finite Differenzen 3D

*basierend auf der Richards-Gleichung durch angendherte Funktion

Choise: MIKE SHE

Modelling 2d-surface water
(diffusive wave)
Irrigation module

From soil and/or
water surface

Net -
precipitation

(<50 mmla)i 1 channel flow model

E (rectangular grid

Infitration

~4

Water table
rise and fall

3-dimensional saturated
flow groundwater model

Exchange through
(rectangular grid)

seepage faces

wells and
recharge

Y

v v v
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Exchange

1-dimensional
unsaturated flow
model for each
grid element

across boundaries
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SuMaRi

TUTI

Required input data

DI N ECIRCICVE o sl le Lo I1I \World View 1 & 2
(DEM) DigitalGlobe 8 x 8 m
Groundwater level

Tarim discharge

Floodplains TerraSAR-X
Spot Mode 1x1 m

River cross sections World View 1
Satellite image
Soil model

Climate data Precipitation: TRMM

Natural vegetation - Satellite image
World View 1 (NDVI/EVI)
- MODIS LAl

Data set Remote sensing

In field correction points

38 groundwater gauging stations with data logger
(Temperature, Water level and electric conductivity)

Gauging station Yengibazar (1992-2005) and own
measurements since Dec. 2011

11 data logger in the floodplains

Photogrammetric images

38 drilling cores until the saturated zone

Climate station Yengibazar (Jun. — Nov. 2012)
Climate station Kucha
Mapping in field

Interviews with farmers

’—‘ @& | Federal Ministry
a0 of Education
Sponsered by: and Research

markus.disse@tum.de
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SuMaRi

ion model

tal elevat

[ol

D

Digital Globe

-1

SRTM

ASTER

. . - [y
S LA I e T

8x8m

cell size

126 X26mMm

cell size

:30x30m

cell size
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SuMaRi

Groundwater levels & digital soil model

[ [fanny |

< Sand %
{0.05 - 2 mm)

Drilling of 38 gauging stations with Analyz@ng 38 drilling cores with overall
automatic data loggers 172 soil samples
- Grain size

- Organic content
- Electrical conductivity
- Porosity

| r ﬁ FfegtcalraIMinistry
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SuMaRi
Detecting the extension of floodplains with TerraSAR-X

TerraSAR-X

I Strong reflection (water)

[] high reflection (potentiell water)
[ Mean reflection (sand surface)
] Low reflection (diaphanous vegetation)
[ Very low reflection (vegetation)
[ No reflection (dense Vegetation)

Overflight: September

) [
o
(I
0 I
(I
! I |
| | |
| I I
Ll

= Original DEM
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SuMaRi _ TI.ITI
TerraSAR-X flood maps before and after correction

TerraSAR-X raw data Calculated inundation areas

r ﬁ Federal Ministry
of Education i
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SuMaRi

1. Surface water (SW): Changing the topography and the hydraulic resistance (kst)

2. Ground water (GW): Choice of a fitting pedo-transfer-function and the hydraulic

Calibration for the year 2012

TUTI

r RMSE NSE ME
1.0 1.0 1.0 1.0
08 I 0.9 l T 0.8 4
0.5 4
08 | | = 0.8 1 0.6
—
07 1 E 07 = 0.4
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= 2 w =
- T 2] L
£ 06 - 06 < S 02
2 s N =
@ @ ] &= S
% 05 - = 05 — & 05 2 00
c & @ 2
S » £ £ =
5 = = =
x ] — @ 1.0 4 =

0.3 1 ¢ 03 =z 0.4

0.2 02 0.6 |

+ 1.5 4
L 2
01 | 0.1 08 |
nn 0.0 -2.0 -1.0 T
SW GW SW GW SwW GW SW GW
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P2-09

P2-10

P2-11

SuMaRi

Nov. 2011

Validation for the year 2013 TI.ITI

Mai 2013

8 gauging stations have been
destroyed by new field
reclamation since 2011

For the validation only 22
gauging wells can be used

@ ’—C‘) Sponsered by: %
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SuMaRi

Local changes in the irrigation system

— Schotterweg
AsphaltstraBe
®  Messbrunnen
Mike11 Gewassernetz

Projektgebiet
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SuMaRi Modeled flooding for the year 2012
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15 Jun'2012 | o
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Groundwater recharge in the research area for the year 2012

Region Water Groundwater Part of the
volume recharge in positive

[Mio. m?] overall area recharge [%]

Desert area -1.96 -23 -16.5 0.0

3 Federal Ministry
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SuMaRi TI.ITI

Groundwater recharge in the research area for the year 2012

Water Groundwater Part of the
volume recharge in positive

[Mio. m?] overall area recharge [%]

Desert area 24.3 -1.96 -23 -16.5 0.0
Irrigation areas 21.2 1.21 14 10.2 8.7

- Use of ground- & river water (12.0) (-0.30) (-4) (-2.5)
TRy (et e 9.2) (1.51) (18) (12.7)

Irrigation areas

[ Grundwasserneubildung in allen
Bewasserungsgebieten
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Groundwater recharge in the research area for the year 2012

Water Groundwater Part of the
volume recharge in positive

[Mio. m?] overall area recharge [%]

Desert area 24.3 -1.96 -23 -16.5 0.0
Irrigation areas 21.2 1.21 14 10.2 8.7

- Use of ground- & river water (12.0) (-0.30) (-4) (-2.5)
TRy (et e 9.2) (1.51) (18) (12.7)

Flood plains 38.0 11.55 135 97.4 83.9
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Groundwater recharge in the research area for the year 2012

Water
volume
[Mio. m?]

Groundwater
recharge in
overall area

Part
[%]

Part of the
positive
recharge [%)]

Desert area

Irrigation areas

- Use of ground- & river water
- Only river water

Flood plains

Leakage from Tarim-River

Irrigation areas

[ Grundwasserneubildung in allen
Bewasserungsgebieten

[I/s]
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SuMaRi 11"1

Changes in flooding by land use changes

N 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? x
Volumen: 45,3 Mio m?®

Volumen: 58,4 Mio m3

Ausdehnung: 58,2 km?
Volumen: 67,3 Mio m3
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SuMaRi TI.ITI

Effects to the vitality of natural vegetation by land use changes

Szenario 1.4:
15. Juli 2100

Szenario 1.1

15. Juli 2004 Szenario 1.3:

15. Juli 2050

Szenario 1.2
15. Juli 2012

Potential vitality (vitality zone)

Bewadsserungsgebiete

H optimale Lebensbedingungen fiir O Gefahrdungsbereich fir
Feuchtgebietsvegetation Pappelvegetation
(Gw-Flurabstand: 0 m bis -2 m) (Gw-Flurabstand: -6 m bis -4 m)

B optimale Lebensbedingungen fiir B Geféhrdungsbereich fiir Wiistenvegetation
Tugai-Vegetation (Gw-Flurabstand: -10 m bis -6 m)

(Gw-Flurabstand: -2 m bis -4 m)
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@ Hydrological Modeling of the entire Tarim River TI.ITI

Outputs of Inputs of Decision

MIKE HYDRO Support System

Catchment
Water deficits
runoff
and losses

Water

‘ balance
Water
allocation ) Decision
Crops / Support
Yields System(DSS)
. Irrigation
water use

Future
predictions
Markus Disse, TUM

Other detailed

information about
water & land use

| I Federal Ministry .
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SuMaRi TI.ITI

Ecosystem

Climate in the mountains (Pamir, Hindukush, Tianshan)
Water source

Glacier melt and precipitation SerV | ces ReS earc h

Water
consumers:
: Ecological
Grapjpelcs services and
Yields of the by- economic
products (e.g. oil benefits
mal and fodder from generated
Sy T i cotton seeds
:u ‘ , E:;T;ﬁ;ﬂgg:\ ) through water
uel woo i
Recreation and construction, SOnSHmpHon
fibres, medicinal
applications,
energy supply
Grazing Source: Niels Thevs,
Ecological Institute of Botany and
services Landscape Ecology
Ernst-Moritz-Arndt-University
Economic benefit Greifswald

( ﬁ Federal Ministry
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@

Utilization of Apocynum (Lop Kendir)

Stem:
Fibres

TUTI

Ecosystem
Services Research

Leafs:
Tea, medicine

Effect against high
blood pressure

Seeds:

Local traditional
medicine

Source: Thevs et al., 2008

4
% EE5
REY
GOBI TREASURE. PREVENTING HIGH BLODD PRESSURE & FAT, ACHIEVING 000D SEE
BN BANS

¥ RS HRSA BN
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I Erosion regulation and the ESS of road
protection from wind blown sand

614500 615000 615500 616000 616500 617000 617500 614250 614500 614750 615000 615250 615500 615750 616000 616250 616500 616750 617000 617250 617500 617750

>

4446000

4445500

445000

4444500

] Example Road
Protection

4444000

4443500

4443000 4443250 4443500 4443750 4444000 4444250 4444500 4444750 4445000 4445250 4445500 4445750 4446000

3

Ed ]
Sediment Retention [g/ms]
[Median Scenario]
— 0.000000 e .
— 0.000485 Sanddrift Risk for Highway 218
[ 0000970 0 500 1000 1500 m mmm High Potential for Sanddrift
= g-g:;fg b t t 1 mm— [ow Potential for Sanddrift
— Tarim River W Tarim River
-= National Highway 218 n Investigation Area
n Investigation Area

» Within the Argan area 73% of the road are protected by
vegetation.
* Avoided costs for checkboards to be build: 60 000 €!
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Ecosystem services for dust weather & urban
heat stress mitigation

N
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SuMaRi SuMaRiO‘s causal network

Temperature,
precipitation

4’[ Glacier & snow melts |
.

River discharge Aksu
upstream catchments

.

Water abstraction

River discharge Aksu (irrigation) Aksu
downstream catchments 1
downstream catchments Cropland

¢ area

Water allocation and B Water abstraction (irrigation) |
distribution, discharge along along the Tarim River

Groundwater level (g

the Tarim River
P ) M
Growth & vitality of Growth & vitality of Area & vitality River water Crop production
riparian vegetation non-riparian forest of Grassland quality {salinity) inputs
| I | I
\ h 4 v ’ l
Aesthetic Habitats (for Shelter from sand Wood Fish catch & Household Livestock Crop [¢——| Crop yield
(Landscape unique plant & drift, soil erosion, production other indicator water production production
beauty) animal species) sandstorm of aquatic supply - ' Crop production
biodiversity 5 i M
‘ : < mmmm e Crop prices
Y Y
ESS Trade-offs z
Si, ; Farmer’s income
Provisioning service (benefits/m* water)

Regulating service (benefits/m? land)

Supporting service

gooo

Cultural service

Petra Doll, Univ. Frankfurt
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Transdisciplinary
Research

SuMaRi

WP 5.1: Multi-level economic system assessment

WP 5.2: Transdisciplinary assessment of ESS for
urban areas regarding dust and heat stresy

WP 5.3: Actor-based decision support
for land and water management

Modeling of actor perceptions of
problem field based on interviews

Participatory modeling

Stakeholders oo Scientists

Joint knowledge generation and integration

System knowledge: How does the system work?
Target knowledge: Which goals exist?

Transformation knowledge: How to achieve common goals?

Problem (re)definition

Problem analysis and

— Actor-based modeling . SiEiegy esioproen
— Bayesian networks
Participatory scenario development
Strategy development Monitoring implementation
(Siew and Dll, 2012) \</
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@ Modeling approach TUT

m Very limited access to required (quantitative) data

B Access to experts in (urban) ecology, forestry science and urban
greening

m Bayesian Network modeling is appropriate modeling approach as
» qualitative expert knowledge and quantitative data can be combined,

> uncertainty of knowledge is represented explicitly.

Petra Doll, Univ. Frankfurt
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SuMaRi Bayesian Networks TI.ITI

BNs are probabilistic causal networks consisting of
nodes, states & links

,hodes “

\

Means of traveling
walking 0
- by bicycle 0
Enough sleep at night Alarm goes off by taxi 0
yes 70.0 p—_— yes  90.0 mmm—m by conventional bus 100
no 30.0 e no 100p : § Urumgi BRT 0
To get up ontime To be caught up in a traffic jam
—— — . 13
yes  86.0 [mmmm— yes 80.0 [mmm—— < ||nkS
no 140m: | no 200 pm: | ¢ ”
To arrive on time Duration of traveling
yes 53.0 : <1 hour 120 ;
no  47.0 jmmem 1-1.5 hours  40.0 E 7
>15hours  48.0 ,,StateS

Petra Doll, Univ. Frankfurt

Bayesian Network , To arrive on time in the morning”
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SuMaRi

Bayesian Networks TI_ITI

BNs are causal networks consisting of nodes,
states & links

Means of traveling

walking 0
Enough sleep at night Alarm goes off Ezgfdyde 8
yes  70.0 jmm— yes  90.0 s by conventional bus 0
no 30.0 \ no/l0.0 Urumqi BRT 100
To get up on tlme To be caught up in a traffic Jam
yes  86.0 10.0p § i ¢
no 140m: ° 90.0 ———
To arrive on t|me Duration of traveling
yes  88.0 ) <1 hour 63.0 [——
no 120f i i ¢ 1-1.5hours  32.0 ) _
>15hours 5.00 Petra Doll, Univ. Frankfurt

Bayesian Network , To arrive on time in the morning”

3 Federal Ministry
?& | of Euﬁucarionh markus.disse@tum.de 57
Sponsered by: and flesearc



SuMaRi

Decision
maker / User

Decision

SuMaRIiO DSS Concept

“Economic”
scenarios

“Climate” scenarios

1 1
| Exterrlal scenarios

Management measures
sweighting of indicators
«definition of goals
*Sensitivity analysis

Integratéd River Basin Management

Consequences / Effects

Indicators system

v v
- Evaluation of alternatives

Decision Suppolit System (DSS)

Database
Management
System
(DBMS)

- Influences

Input / Output
Decision
process

Andreas Brieden, UniBw Munich
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SuMaRi

“~ SuMaRiO D!

|| Menu Languages

Navigation

4 Define weights and goals
Alar - Xingiman
Xingiman - Yingbazar
Yingbazar - Qiala
Qiala - Taitema Lake

Define weights and goals
Alar - Xingiman

Ecosystem Service Indicators Ecosystem Services Ec

Ecosy E stem Service ESS indi

Agriculture Supporting Services  Soil salinity
Sum
Provisioning Service  Cotton production
Fruit production
Production of other crops
Farmers income

Sum

Riparian Forest Provisioning Service ~ Wood pruduction
Reed production
Scrub pruduction
Sum

[dvidoal weiath =] Goal Bound -
1,00 12! [min ~]
1,00
1,00 12| [more than | 0,0000 %] [
0,00 12| [more than | 0,0000 %] [
b,OO "_- max W
b;oo |max ;I
1,00
1,00 [max =l
0,00 | |max ~]|
6,00 %1 Imax b
1,00
_ =

Back

Calculate '

Andreas Brieden, UniBw Munich
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SuMaRi
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Andreas Brieden, UniBw Munich
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@ SuMaRiO workplan until February 2016 UM

Finalizing DSS for serving different stakeholders
(e.g. climate, hydrology, agriculture, forest, ecology,
economy)

Implementation of DSS SuMaRIO

Serving stakeholder needs (e.g. Sino-German
workshops and conferences)

Education and capacity building (e.g. technical
training, summer schools, PhD and MSc students)

Scientific contribution for the 13" Five-Years-Plan
(national, provincial, regional and basin level)
Inviting responsible officials of the Five-Year-Plan to
workshops and summer schools (communication)
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