Watershed and Floodplain Management
along the Tarim River
in China’s Arid Northwest






Watershed and Floodplain Management
along the Tarim River
in China’s Arid Northwest

Edited by
Thomas Hoppe, Birgit Kleinschmit, Bruce Roberts,
Niels Thevs, and Umiit Halik

Shaker Verlag, Aachen



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet

at http://dnb.d-nb.de.

This publication was supported by Heinrich-Boll-Foundation, Berlin.

Cover photo:

The Tarim, lower part of the lower reaches, Western branch at the former
Loplik settlement of Yengisu (September 6™ 2003). In 2003, this part of the
Tarim lower reaches received discharges during almost the whole vegetation
period, in 2004 only during 47 days.

© cover photo: Birgit Kleinschmit

Book design: Philipp Pratap Thapa (philipp @thapa.de)

Copyright Shaker Verlag 2006

Allrightsreserved. No part of this publication may be reproduced, stored in
aretrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior
permission of the publishers.

Printed in Germany.

ISBN-10: 3-8322-5662-8
ISBN-13: 978-3-8322-5662-3
ISSN 1611-1087

Shaker Verlag GmbH ¢ P.O.BOX 101818 « D-52018 Aachen
Phone: 0049/2407/9596-0 ¢ Telefax: 0049/2407/9596-9
Internet: www.shaker.de ¢ e-mail: info@shaker.de



Contents

INtrodUCHiON .ovie it 21
— Thomas HopPE & Bruce ROBERTS

Acknowledgements ............coooiiiiiiiiiiii 35
ADDIeVIAtioNS .. v et 35
Part1 General introductory topics

Half a century of environmental change in the Tarim River Valley -
An outline of causes and remedies ............cooiiiiiiiiiiii 39
- Ha1 Ying (Omarjan), Wa1 Lu, Thomas HoPPE & Niels THEVS

The regulation of the Tarim River system ............c.ccocoviieniiininn. 77
- ZHv Xiangmin, WU Liuyi, Omarjan OBUL & Arkin HABIBULLA

Water resource development and its environmental effects
in the Tarim River floodplain ............c.cooiiiiiiiiiiiii, 91
- Hamid Yim1t, HE Linyun, Wahap HALIK & Ernst GIESE

Inquiry into the establishment of an administrative system for the
restoration or rehabilitation of the degraded Tarim ecosystem ....... 109
- Xu Jinfeng

Restoration and rehabilitation of the degraded Tarim River
ecosystem: The role of local knowledge and local participation ...... 127
- Tsut Yenhu (Cut Yanhu)

A fundamental approach towards a non-destructive and non-violent
use of NAtural reSOUICES ........ovivriieiriiiit i 135
- Heiko DIESTEL

Part2 Historical ecology

Floodplain reclamation - floodplain control:

Cross-cultural observations in search of a type-specific method of
analysis based on common development patterns ...................... 153
- Johannes KOCHLER



10

11

12

13

14

15

16

17

A historical review of the changes to the course

of the lower Tarim RIVET ........ooiiiiiiiiii e 167
- ZHANG Li
The Lopliks, their environment, and ecological restoration ........... 179

- Thomas HoPPE, with remarks on the role of culture by Adiya MAMAT
Part3 Hydrology, soils, vegetation, and climate

Determining ideal groundwater depths for ecological purposes
in the Tarim River Valley ... 213
- Fan Zili

The potential influence of embankment engineering and ecological

water transfers on the riparian vegetation along the middle and

lower reaches of the Tarim River .................oocoiiiiii. 221
- Umiit HALIK, Alishir KurRBAN, Muzappar MIT, Jérg SCHULZ,

Frank PAPROTH & Bodo COENRADIE

Tamarix taxa in China and their utilization
for desertification control in the Tarim Basin ................ccooovevenne. 237
- L1u Mingting

The relationship between climate change and surface runoff
along the tributaries of the Tarim River .............c.c.ocoeiviiiiiint. 247
- YANG Qing & Cur1 Caixia

A survey of the avifauna and mammals
along the Tarim’s middle reaches ........................ 255
- Konrad SCHLEICHER

Vegetation and land cover in the Tarim Huyanglin Nature Reserve .. 267
- Niels THEVS

The decline of riparian poplar forests: Discovering the causes and
developing strategic measures of forest restoration ..................... 295
- HUANG Peiyou

The ecological range of Populus euphratica
at the middle reaches of the Tarim River ..............coovviiviiininn.. 303
- Philipp Pratap THAPA



18

19

20

21

22

23

24

The state of ecological degradation and rehabilitation
along the lower reaches of the Tarim River ................c..cooiinini. 327
- Xu Hailiang, YE Mao, Ahmet NAYUP & ZHAO Yuanjie

Vitality analysis of Tugay forests — a combined approach using
satellite data and terrestrial samples ............cocovviiiiiiiiiiniint. 337
- Birgit KLEINSCHMIT

Analysis of some bio-meteorological characteristics
of Populus euphratica Oliv. ..............coocoiiiiiiiiiii, 349
- Nurbay ABDUSALIH, Tashpolat Try1p & Parwin AWUT

Part4 The local economy
Comparative analysis of Uyghur and Han-Chinese
farm management along the middle reaches of the Tarim River ...... 359

— Stefanie HOFMANN

Grazing in the Tarim Huyanglin Nature Reserve ........................ 373
- Niels THEVS

Part5 Water resource management
Analyzing the attempts to innovate water resource management

in arid land watersheds ..............cooiiiiiiiiiii 395
- Li1u Zhihui & Lu Xilin

The legal framework of water management in the Tarim Basin ....... 409
— ZHANG Jiebin

Appendix
Important Uyghur, Chinese, and Mongolian place names ............. 427
Participants of the Korla Conference .............ccocoeviiiiiiiiiniiint. 429

CONTENTS 7






Tables

Part1 General introductory topics

1 Half a century of environmental change in the Tarim River Valley —

11

An outline of causes and remedies
- Ha1 Ying (Omarjan), Wa1 Lu, Thomas HoPPE & Niels THEVS

Table 1: World-wide distribution of Populus euphratica forests (Tugay), 1993 ............. 53
Table 2: Corps Farms set up by the xjpcc 1st Agrarian Division, Aksu, in 1950-1957,
and their development until 1997 ... 65
Table 3: Corps Farms set up by the 1st Agrarian Divison, Aksu, in 1958-1966, and their
development until 1997 .....couiiiniiiiiii i 66
Table 4: Corps Farms of the xjpcc 2nd Agrarian Divison, Korla, set up in1950-1957 . 67
Table 5: Farms of the xypcc 2nd Division, Korla, set up in 1958-1960 (1966) ........... 68

The regulation of the Tarim River system

- Zuvu Xiangmin, Wu Liuyi, Omarjan OBUL & Arkin HABIBULLA
Table 1: Hydraulic engineering projects in the %4 to 1-Watershed” ........................... 79
Table 2: Water consumption differentiated according to consumer groups
Table 3: Allocation of funds for the entire Tarim regulation project ...
Table 4: Allocation of funds from 2001 t0 2006 ..........ccccevvnvnnnn.. .
Table 5: Funds released for the Tarim regulation project ..................ccooeiiiiniiinn... 88

Water resource development and its environmental effects
in the Tarim River floodplain
- Hamid Yim1t, HE Linyun, Wahap HALIK & Ernst GIESE

Table 1: Statistics of the three tributaries’ discharges and supplies (x 10° m?) to the Tarim

TNAINSTICAINL Lottt ettt et ettt et et aae 93
Table 2: Multi-annual variation of seasonal discharge distribution at the Xidaqiao and

Aral hydrological Stations ................coccoiiiiiiiiiiiiii 95
Table 3: Discharge variation at various segments of the mainstream during different

PEIIOAS L.ttt 95
Table 4: Utilization coeflicients (%) of canals before and after introducing anti-seepage

measures in the Chara-Tikanlik irrigation area ..............cccooooiiiiiin 102

Part3 Hydrology, soils, vegetation, and climate

The potential influence of embankment engineering and ecological
water transfers on the riparian vegetation along the middle and
lower reaches of the Tarim River

~ Umiit HaL1k, Alishir KurBAN, Muzappar MyIT, Jérg SCHULZ,

Frank PAPROTH & Bodo COENRADIE
Table 1: Natural vegetation and its distribution along the Tarim River ..................... 223
Table 2: Seven deliveries of “ecological water” to the lower reaches ........................ 228

TABLES 9



14

15

16

17

Table 3: Annual groundwater depths before and after the water deliveries to the lower

reaches (IOWer PAart) ........oouiiuiiiiiiiii e 230
Table 4: Plant species with their corresponding groundwater tables measured at the

lower part of the lower reaches of the Tarim River ...................c..ocoooii. 231
Table 5: Species reappearing along the Arghan segment of the Tarim River in 2005 .... 232

A survey of the avifauna and mammals
along the Tarim’s middle reaches

- Konrad SCHLEICHER
Table 1: Birds registered in the Tarim River floodplain ......................... 258
Table 2: Mammals registered in the Tarim River floodplain .......................o 263

Vegetation and land cover in the Tarim Huyanglin Nature Reserve

- Niels THEVS
Table 1: Distribution of Tugay forests in the world ....................... 268
Table 2: Date, location, cloud cover, sun position and source of the employed satellite
IMAZES ..uvviviiiiiiii e
Table 3: Spectral band characteristics of Landsat ETM+ .
Table 4: Classes of the final classification result ...............ccccoeviviiiiiiiniiiiin.,
Table 5: Contingency matrix (pixel counts), producer’s and user’s accuracy for the final
classification scheme for the non-flood image ....................coo 283
Table 6: Contingency matrix (pixel counts), producer’s and user’s accuracy for the
final classification of the non-flood image. Classes Dense Tugay Forests and Tugay
Bush and Forest were merged into the class Vegetation (total coverage >25 %,

abbreviated V) .....ieiiiii i 283
Table 7: Producer’s and user’s accuracy for the final classification

of the non-flood image. ...............ooooiiiiiiii 284
Table 8: Contingency matrix for the class validation of flooded vegetation ............... 285
Table 9 a: Percentage of spectral classes forming vegetation zones along the Tarim

River and its branches. Dry river branches were not included. .......................... 288
Table 9 b: Percentage of spectral classes forming vegetation zones along the Tarim

River and its branches. Dry river branches were included. .............................. 288
Table 10: Vegetation and land cover in the Tarim Huyanglin Nature Reserve ............ 291

The decline of riparian poplar forests: Discovering the causes and
developing strategic measures of forest restoration
- HUANG Peiyou

Table 1: World-wide distribution of Populus euphratica forestsinha ...................... 297
Table 2: Distribution of Populus euphratica, diameter at breast height, stocking of
sample plots (Ejina region) ..............cccooiiiiiiiiiiiiiiiiii 299

The ecological range of Populus euphratica
at the middle reaches of the Tarim River

— Philipp Pratap THAPA

Table 1: Soil moisture grades and their diagnosis ................ccoooiiiii 305
Table 2: Tree vitality grades ................coooiiiiiiiii 308
Table 3: All sites, assorted by pBH and feu4 upper limit (field trip B) ...................... 319

10



18

19

20

21

22

The state of ecological degradation and rehabilitation
along the lower reaches of the Tarim River
- Xu Hailiang, YE Mao, Ahmet NAYUP & ZHAO Yuanjie

Table 1: Groundwater quality in different areas of the Tarim’s lower reaches
INAUGUSE 2000 L.iviiiiiiiii i 330

Vitality analysis of Tugay forests — a combined approach
using satellite data and terrestrial samples
- Birgit KLEINSCHMIT

Table 1: Sensor parameters QuickBird and ASTER data .............ccooeeviiiiiiini. 341
Table 2: Strata of crown density ...................oceeees ... 342
Table 3: Number of sampling points per stratum .. ... 344
Table 4: Parameters of the field guide ....................o 345
Analysis of some bio-meteorological characteristics
of Populus euphratica Oliv.
- Nurbay ABDUSALIH, Tashpolat Tiy1p & Parwin AWUT
Table 1: Climatic parameters of the study area (Keriya and Chira) ......................... 351
Table 2: Measured photosynthesis parameters .................ccoocooiiiiiiiin.. 352
Table 3: Photosynthesis rates (mmol/m?/s) of P. euphratica leaves taken from stands

out in the desert (PSgegert) and in the oasis (PSy4s) throughout the day ............. 353
Table 4: Transpiration rates (mmol/m?/s) of P. euphratica leaves taken from stands

out in the desert (TRgesert) and in the oasis (TRyygis) throughout the day ............. 353

Table 5: P. euphratica leaf and air temperatures measured in desert and oasis stands ... 354

Part4 The local economy

Comparative analysis of Uyghur and Han-Chinese
farm management along the middle reaches of the Tarim River

- Stefanie HOFMANN
Table 1: Land use forms in the Tarim Populus Euphratica Reserve ......................... 360
Table 2: Calculation of variable gross margin (yuans RMB) ...............coeeeuiiinainnnn. 368

Grazing in the Tarim Huyanglin Nature Reserve

- Niels THEVS

Table 1: Lopnur pasture type LSt ...........oouuriiiniiniiiiiie e 375

Table 2: Correlation of the land cover classes derived from satellite image classification
with pasture types of the Lopnur pasture type list ..................cccooeoii. ... 376

Table 4: Livestock sizes of all eight families herding in Iminchik in spring 2002 ....... 380

Table 5: Livestock sizes of all eight families herding in Iminchék in spring 2003 ........ 380

Table 6: Pasture areas digitalized according to satellite images (cf. Figures 1 and 2);
calculated potential livestock sizes for all herdsman families’ pastures in Iminchak;

and comparison with recorded livestock sizes .................ccoooiiiiiiii 383
Table 7: Consumption of livestock by the families in 2002 ...............ccooiin. 384
Table 8: Livestock sold by each family and gross income from selling livestock

IIl 2002 Lttt ittt e 386

TABLES 11



Table 9: Mohair production and corresponding gross income in 2002 ................... 387
Table 10: Areas of the land cover units derived from satellite image analysis and their
contribution to potential livestock sizes for the whole nature reserve calculated in

Sheep UNItS ......oiiiiiii i 388
Table 11: Potential livestock size in sheep units for the whole nature reserve,

Karchugha, and the part of the reserve that lies within Bigiir County ................ 388
Table 12: Livestock in Karchugha end of 2001 ............ccooo 389
Table 13: Livestock in Karchugha township 1998, 2000, and 2001 ...................... 389

12



Figures

Part1 General introductory topics

Half a century of environmental change in the Tarim River Valley -
An outline of causes and remedies

- Ha1 Ying (Omarjan), Wa1 Lu, Thomas HoPPE & Niels THEVS

Figure 1: The Tarim’s middle reaches in 1903,1949,1978, and 2000 ....................... 45

Figure 2: Map of the Tarim River floodplain showing settlements and state farms ... 62-63

Figure 3: Map of the Aral Reclamation Area, upper reaches of the Tarim, 1981, based on a
SIR-A AMAZE . .\tinititit it 64

The regulation of the Tarim River system

- ZHvu Xiangmin, WU Liuyi, Omarjan OBUL & Arkin HABIBULLA
Figure 1: Schematic map of the water transfer measures between Baghrash Kol, the

Konche, and the Tarim FIVEIS ........c.ooiiiiiiiiirieitii e eeaeans 84
Figure 2: Regulation of the Tarim and Kaidu-Konche hydrological system ................ 84

Water resource development and its environmental effects
in the Tarim River floodplain
- Hamid YimrIt, HE Linyun, Wahap HALIK & Ernst GIESE

Figure 1: Hydrographic overview of the Tarim Basin ..................ccoooviiini 92
Figure 2: The comparison of the derivative water supplies for irrigation and the
discharge at the Imam Pasha Barrage ...................coocoo 97

Part2 Historical ecology

A historical review of the changes to the course
of the lower Tarim River

- ZHANG Li

Figure 1: The lower Tarim River and its terminal lake on the Wuchang map of 1863 .... 168
Figure 2: In 1877 Przeval'skij identified the lower Tarim River and its terminal lake .... 168
Figure 3: In 1900-1901 Hedin visited the lower Tarim River and its terminal lake. ..... 169
Figure 4: The Tarim River and Lop Nor from 1921 101952 ..........ccoiiiiiiiiiiian... 171
Figure 5: Tarim River and Lop Nor from the 10th century to the early 19th century .... 171
Figure 6: Sites and relics in the Lop DeSert ............cc.oveuuviiuiiiiiiniiiniiineiinenannns 174

The Lopliks, their environment, and ecological restoration

- Thomas HoPPE, with remarks on the role of culture by Adiya MAMAT
Figure 1: Map of Lop Nur County ............coccouiiiiiiiiiiiiiiiiiiiiiiieiieeciie 186
Figure 2: Lopliks with their dugouts. Hedin (1900, drawn in 1904) “Estuary of the
Cherchen [Charchan] Darya” (probably at Lake Detama, alias Lake Karaburan) ... 193
Figure 3: Dugout with fishing net at Jeralik Reservoir, upper reaches of the Tarim River,
Shayar COUNLY ......uiiiiiiii it 193

FIGURES 13



10

13

15

Figure 4: Sattma (hut) made of reeds near Dilpar ..................coocoooii. 194
Figure 5: Fisherman, net, and dugout on the Tarim’s upper reaches during the low

water period, Shayar County ................oociiiiiiiiiiiiiini 194
Figure 6: Yengisu: View of parts of the village ruins ........................ 204
Figure 7: Yengisu: The most spacious building of the village was said to have been the house

of the molla Or MOSQUE .....evuuiiiniiiiiiii e 204
Figure 8: The Tarim River (its western branch) at Yengisu, facing the Taklamakan in the

] 205
Figure 9: Yengisu: Fireplace and the remains of a chimney ..................ccoooo 205
Figure 10: Yengisu: A horizontal smoke outlet coming from a fireplace or kang

(deStroyed) .......oiiiii i 205

Part3 Hydrology, soils, vegetation, and climate

Determining ideal groundwater depths for ecological purposes
in the Tarim River Valley
- Fan Zili

Figure 1a: Correlation between groundwater depth and the groundwater evaporation

TATE oottt ettt 216
Figure 1c: Correlation between groundwater depth and the cumulative annual

evaporation (mm/a)
Figure 2: Salt accumulation rate in correlation to groundwater depth in the
0-50 cm soil horizons of the northern Tarim Basin .....................cc.ocooeeiiiiiin..
Figure 1b: Correlation between groundwater depth and the groundwater evaporation

(evaporation discharge) coefficient ..............ccooiiiiiiiiiiiiii 216
Figure 3: Correlation between groundwater depth and groundwater mineralization in

the Tarim RIVET @r€a .........oouiuiiieiiiii e 217
Figure 4: Salt concentration on soil surface correlated to groundwater depth ............ 217
Figure 5: Distribution of soil moisture in Profile 05 ................ccooooiiii. 218
Figure 6: Distribution of soil moisture in Profile 04 ...............cc.oooioii 218
Figure 7: Profile of salt distribution in a meadow solonchak (T-3) ............c....ooeeenni. 219
Figure 8: Salt distribution in a relict takyric solonchak (profile T-13) ...................... 219

The relationship between climate change and surface runoff
along the tributaries of the Tarim River
- YANG Qing & Cur Caixia

Figure 1: The Tarim River’s tributary areas, the Aksu River basin, and the Aksu and

Yarkant river irrigation areas ................c.ooooiiiiiii 248
Figure 2: Year by year changes of average temperatures in the regions defined above ... 250
Figure 3: Changes in annual precipitation within each region ............................... 250
Figure 4: Annual surface runoff supplies of the tributaries of the Tarim River at the

debouchure (105 M>) ..ooiuiii e 251
Figure 5: Runoff supplies of the Aksu River tributaries at the debouchure and

regression analysis of the temperature and precipitation in the region ................ 251

Vegetation and land cover in the Tarim Huyanglin Nature Reserve

- Niels THEVS
Figure 1: Distribution of Tugay forests ..............cccoviiiiiiiiiiiiiiiiiiiiiieiieieeinns 268
Figure 2: Location of the Tarim Huyanglin Nature Reserve ...................ccoocoeiiinni. 270

14



17

18

19

Figure 3: Boundaries of the study area, Tarim Huyanglin Nature Reserve, and the
Landsat images of path 144, row 32 and path 144, row32 .............coo 271

Figure 4: Map of the Tarim Huyanglin Nature Reserve .... 272
Figure 5: Climate diagram Lopnur/Yuli .............coooiiiiiiiiins 273
Figure 6: Monthly discharges of the Tarim River at Yengibazar from March 1992 to

DECEMDET 2002 iuiiuitiiiinit ettt e e e 273
Figure 7: Classified subset of the ETM image from August 2001 (flood image) in

RGB 47372 ettt e ettt et 276
Figure 8: Location of the training and validation sites, coordinates in UTM, zone T45

NOTEH, WGS 84 1uriiiei et 277
Figure 9: Scheme for the classification of water-classes .....................ooo. 279
Figure 10: Flow chart for the whole classification procedure .................ccooceiiin 280
Figure 11: Classification steps illustrated for Iminchak as an example ...................... 280
Figure 12: Classification result, land cover map of the Tarim Huyanglin Nature Reserve

and Sohu Caohu, coordinates in UTM, zone T45 north, WGS 84 ....................... 282

The ecological range of Populus euphratica
at the middle reaches of the Tarim River
- Philipp Pratap THAPA

Figure 1: Definition of “foliage”
Figure 2: Photographs of different vegetation types (sampling sites 1d-s5, 11-3, 11-5,
AN T1-7) ittt s
Figure 3: Transect 1a ...
Figure 4: Transect 1b
Figure §: TranSeCt IC .....uiiuiuiiiiit e

Figure 6: Site 1d-5. Electrical conductivity and feus/feuq levels ........................... 316

Figure 7: Transect 11. Electrical conductivity and feu3s/feu4 levels (September) ......... 317

Figure 8: Regression diagrams of FD index and other variables — based on a database
including all trees ........co.viiiiiiiiii e 321

The state of ecological degradation and rehabilitation
along the lower reaches of the Tarim River

- Xvu Hailiang, YE Mao, Ahmet NAYUP & ZHAO Yuanjie
Figure 1: The groundwater levels in the lower reaches of Tarim River below the
Daxihaizi RESEIVOIT .....uiuieiniteii et anaes 328

Figure 2: The river water salinity at the Chara observation station .. 329
Figure 3: The vegetation coverage in correlation to groundwater levels .................... 330
Vitality analysis of Tugay forests — a combined approach
using satellite data and terrestrial samples
- Birgit KLEINSCHMIT
Figure 1: Degraded Populus euphratica stand along the lower reaches of the

Tarim RIVET oot s 338
Figure 2: Location of the study sites A und B near Arghan (above), and subset (below) 340
Figure 3: Distribution of strata in the surveyed area near Arghan .......................... 343

FIGURES 15



20

21

22

Analysis of some bio-meteorological characteristics
of Populus euphratica Oliv.

- Nurbay ABDUSALIH, Tashpolat Tiyip & Parwin Awurt
Figure 1: Photosynthesis rates (mmol/m?/s) of P. euphratica leaves taken from stands

out in the desert (PSgeger) and in the oasis (PSgs) throughout the day ............. 353
Figure 2: Transpiration rates (mmol/m?/s) of P. euphratica leaves taken from stands
out in the desert (T degert) and in the oasis (Tqs45) throughout the day ................ 353

Figure 3: P. euphratica leaf and air temperatures measured in desert and oasis stands .. 354
Part4 Thelocal economy

Comparative analysis of Uyghur and Han-Chinese
farm management along the middle reaches of the Tarim River

- Stefanie HOFMANN
Figure 1: Distribution of cotton fields in the nature reserve in 2001 ....................... 363

Grazing in the Tarim Huyanglin Nature Reserve

- Niels THEVS
Figure 1: Pasture areas of the eight families herding in Iminchék and of the ranger station

(No. 9). Background: Landsat ETM image, August 10, 2001 ............cccuueiuunrennn. 377
Figure 2: Satellite classification map units within the pastures in Iminchak ............... 377
Figure 3: Pasture of family NO. 1 .........coooiiiiiii 384
Figure 4: Herders combing out mohair from goats in spring (spring 2003) .............. 385
Figure 5: Riparian reed after long, intensive grazing ...................cccooeviiinnii. 390
Figure 6: Pasture in the eastern part of the Tarim Huyanglin Nature Reserve where the

vegetation has been completely destroyed ..................... 390

16



