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Overview
The Xinjiang Uyghur Autonomous Region (XUAR) is experiencing scarce water resources, frequent and 
prolonged droughts and extreme water stress due to the following factors:

• Inland location influenced the hyper-arid, arid and semi-arid climates.
• Escalating population growth.
• Rapid economic development-agriculture, mining and industry.
• Lax environmental laws.
• Unsustainable management of water resources.
• Contaminated water

These factors contributed to declining water quantity and deteriorating water quality.

Since 1949 Xinjiang faced massive in-migration of ethnic Han Chinese people. Under the Chinese governments 
ideology of ‘Opening up Wasteland’, the establishment of the Xinjiang Production Construction Corps (XPCC), 
the 1970’s ‘Economic Reforms and Open Door Policy’ and the 2000 ‘Great Leap West’, an influx of investment 
into Xinjiang, was followed by a surge of Han migrants pursuing employment. Over time large areas of desert, 
pastureland and wetlands were converted to agricultural production. Increased demand for scarce water resources 
evolved, leading to rivalry between water stakeholders-developers versus conservationists. As a consequence 
groundwater was over exploited triggering declining agricultural production, disappearing native vegetation, 
rapidly advancing desertification, increasing salinity, and evaporation of lakes and wetlands.

Xinjiang is energy rich, containing a sizeable proportion of China’s reserves of coal (38%), oil (21.5%) and natural 
gas (23.3%). The government’s aim to turn the region into a national energy hub, stimulated unsustainable mining 
of Xinjiang’s water thirsty energy resources. Additionally, Xinjiang produces about 22% of China’s cotton supplies 
with 84% originating in Xinjiang. By 2023 the government aims to create one million textile jobs by expanding 
Xinjiang’s water thirsty cotton industry.

Glacial meltwater is an important source of water in arid Xinjiang. It accounts for 25%-30% of surface run-off. 
However, since the 1960s, average temperature in Xinjiang increased by 1.40C (twice the global average), resulting 
in the Tien Shan Mountains loosing 27% of its ice mass compared to the world average of 7%. At the present rate 
of ice decline, by 2050 approximately 50% of the remaining glaciers on Tien Shan will have melted. The eventual 
depletion of ice from glaciers could envisage the elimination of runoff for functions such as:

• Irrigation for agriculture (decreased food security)
• Clean drinking water (poorer human wellbeing)
• Mountain recreation (reduced employment)
• Animals and plants (disappearance of ecosystems)
• Industrial activities and mining (decline in economic growth)

Escalating water scarcity is driven by the Chinese Government’s plans to populate and industrialise the region. 
Xinjiang is central to the Chinese government’s new Silk Road Economic Belt (SREB), the land-based component 
of the Belt and Road Initiative (BRI). As Xinjiang is located at the ‘Eurasian Crossroads’ its development is crucial 
to the government’s future economic growth.

Programs to alleviate water scarcity includes the Irtysh–Karamay–Urumqi Canal or Project 635. The system 
transfers water via canals and reservoirs from the Irtysh River to arid endorheic basins in Xinjiang, to irrigate 
agriculture, supply water to petroleum industries and maintain ecosystems. Other solutions include canal 
restoration, improved drainage systems, drip irrigation, and replace water thirsty fossil fuel energy resources 
with renewable energy. An ambitious plan includes the construction of a 1,000 km tunnel to divert water from the 
Yarlung Tsangpo River in Tibet to the Taklimakan Desert in Xinjiang.

The Chinese government’s interest in Xinjiang, includes creating economic growth, generating jobs, ensuring 
stability against internal disturbances (Uyghur  separatist  movements)  and  protecting  the  border  from  external 
threats. By its 100th birthday in 2049 it aims to become the world’s top manufacturer.



Content

CROSS CURRICULUM: SUSTAINABILITY
•	Uneven Distribution of Water Resources across China

• Compare precipitation, water resources and groundwater in Xinjiang with the remainder of China.
•	
•	Uneven Distribution of Water Resources in Xinjiang.

• Spatial and temporal differences-semi arid North Xinjiang compared to arid South Xinjiang.
• Droughts and their impacts.

•	
•	Dependence on Mountain-Basin Water Connections in Xinjiang.

• Impacts of climate change on water cycle-flows and storages.
• Compare impacts between North Xinjiang and South Xinjiang.
• Karez water system

• Advantages, problems and decline.
• Uyghur culture and identity.
• Hyper-arid Turpan Basin. Agriculture-Grape Valley, sultanas and Uyghur wine.

•	
•	Dwindling Water Resources in Xinjiang.

• Time frame: 2nd Century BC (decline of Loulan civilisation) to Post 1949.
• Causes: Development-XPCC, Develop the West Policy, agriculture (e.g. cotton), mining, 

industrialisation, urbanisation and population growth (Han mass migration).
• Impacts: Changes to rivers, groundwater, lakes and glaciers.
• Tarim Basin: Factors contributing to extreme water stress.

•	
•	Water-Energy Connections in Xinjiang.

• Agriculture and fossil fuel energy compete for scarce water resources.
• Water thirsty-coal, oil and natural gas.
• Sustainable management-renewable energy.

•	
•	Management Strategies

• Reduce Water Footprint and Virtual Water.
• Government Responses.

Integration of skills: Climate graphs, Choropleth maps, Statistics, Tables, Statistics, 3D 
diagrams, Maps (variety of scales), Photographs, Cartoon, Graphs and Satellite imagery. 
Student Activities



WATER SCARCE XINJIANG
COMPARED TO REST OF CHINA

Distribution of Annual
Precipitation
Northern half of country is drier 
(e.g. Xinjiang) than the southern 
half of China

http://723344106278284264.weebly.com/
rainfall.html

Uneven spatial distribution of 
resource between North and 
South China

https://www.researchgate.net/figure/82-
Spatial-
distribution-of-groundwater-resources-in-
China-Data-
Source-The-Ministry-of_fig3_305909563

E.G. XINJIANG

Land 62%
Water Resources 19%
Groundwater 31%
Population 47%

E.G. GUANGDONG

Land 38%
Water Resources 81%
Groundwater 69%
Population 53%%



CONTINENTAL CLIMATE
‘People skate on lakes in winter and swim in lakes in summer’.

As Xinjiang is remote from oceans and enclosed by high alpine mountains, it is severed from 
moist air masses arising from the Indian and Atlantic Oceans. As a consequence this arid continental 
landmass receives a cold temperate climate with an average precipitation of only 514mmpa and an 

average temperature of 13.2oC.

Xinjiang experiences a continental climate:
•	Precipitation:

Little precipitation is received. Inland areas are drier than coastal areas as moisture from 
the sea evaporates before it reaches the centre of the land mass.

•	Temperature:
The centre of continents are subject to a large seasonal range of temperatures-hot 
summers and cold winters. Temperatures are not moderated by bodies of water such 
as oceans or seas.

•	Diurnal Range:
This is the difference between the daily maximum temperature registered during the hot 
day and the daily minimum temperature during the cold night. The diurnal range is large in 
Xinjiang’s deserts, such as the Taklimakan.

Turpan is nicknamed the ‘Land of Fire’ due to its high temperature in summer. However, it 
evolves into a silver paradise in winter.

Turpan near the Flaming Mountains in winter - China's 
lowest point 

http://www.paxgaea.com/China.html

Turpan near the Flaming Mountains in summer
https://news.cgtn.com/news/2020-01-01/Turpan-the-Land-of-Fire-

becomes-a-silver-paradise-in-winter-MTCjvMzxks/index.html



XINJIANG’S CLIMATE-NUMERACY

Region Station Altitude 
(metres)

Mean Annual
Temperature 

(°C)

Minimum 
Temperature

(°C)

Annual
Precipitation 

(mm)
Altai Mountains Fuyun 803 1.7 -49.8 322

Qinhe 1218 -0.2 -49.7 259
Junggar Basin Changji 577 6.0 -38.2 183

Jinhe 320 7.2 -36.4 95
Qitai 792 4.5 -42.6 180

North Tien Shan
Mountains

Xiaquze 2160 2.0 -30.2 573
Yunnu-
zhan

3539 -5.4 -33.8 434

Yili Valley Ining 770 8.2 -37.2 264
Xinyuan 928 7.8 -34.7 489

Turpan Depression
Hyper-arid

Turpan 30 14.0 -26.0 17
Tokzun 1 14.0 4

East Xinjiang Hami 738 9.9 -32.0 34
Tarim Basin Kuche 1900 11.5 -27.4 63

Tieganlik 846 10.6 25
Kashi 1289 11.7 -20.5 64
Shache 1231 11.3 -20.9 46
Hetian 1375 12.1 -22.8 35

Kunlun and Altai
Mountains

Heishan 2540 11.0 86
Tiansuihai 4900 -7.7 24
Mangyai 3138 1.4 42

Source: Xinjiang. National Research Council. 1992. Grasslands and Grassland Sciences in Northern China. Washington, DC: The National Academies 
Press. doi: 10.17226/1942.
Image: https://www.britannica.com/place/Xinjiang/Climate



ARID AND SEMI ARID CLIMATES
Xinjiang possesses a unique arid environment with a self-balancing water cycle. This indicates that the 
total volume of water in the region is reasonably stable. Therefore it is particularly fragile and vulnerable 
to human interactions.

SEMI-ARID NORTH COMPARED TO ARID SOUTH XINJIANG

Xinjiang is surrounded by mountains, with the Tien Shan mountain range running through the centre 
and dividing the province into two dry basins: the semi-arid Junggar in the north and the arid Tarim in 
the south.

Map: https://www.researchgate.net/figure/Distribution-of-the-ten-monitoring-sites-in-the-
Xinjiang-arid-region-of-northwest-China_fig1_258607794



UNEVEN WATER DISTRIBUTION

https://link.springer.com/article/10.1007/s13143-018-0086-z 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5994336/ 
Image: https://peakvisor.com/range/tian-shan.html



DRY, DRY, DRY, DRY AND DRY

URUMQI: 913masl
Climate: Cold Steppe-Köppen BSk.
Large diurnal temperature range: Hot days and 
cold nights.
Winter: Long and bitterly cold.
Average annual temperature-7.0°C.
Average annual precipitation-230mmpa.
Urumqi is the capital city of Xinjiang.

KASHGAR: 1,309masl
Climate: Desert-Köppen BWk
Large temperature differences between seasons:

• Cold winters: Average temperature January 
−5.3°C

• Hot summers: Average temperature July 25.6°C
Large diurnal temperature range.
Little precipitation.
Kashgar is an oases city

TURPAN: 39masl
Climate: Cold desert climate BWk.
Precipitation: Very low 18mmpa.

Summers: Long and very hot.
Temperature: Ranges from -8°C in January to 32°C in July.

Turpan, called 'Huo Zhou'-a place as ‘hot as fire’. Average temperature above 38oC and recorded highest 
temperature is 49.6oC.

Possesses ancient Karez system of irrigation and nearby is Turfan volcano

https://www.travelchinaguide.com/cityguides/xinjiang/turpan/when-to-go.htm
http://www.urumqi.climatemps.com/graph.php
Camels http://www.chinadaily.com.cn/china/2014-06/12/content_17580803.htm



ACTIVTIES
NUMERACY AND LITERACY

Refer to the precipitation map on China.
•	Where is it drier in China-north, south, east or west? Provide reasons for the differences. Refer to 

the map illustrating the uneven spatial distribution of resources between North and South China
•	Compare the water resources in Xinjiang (western China) with Guangdong (eastern China).
•	How and why, does the distance from the ocean impact on climate in China?

Climate graphs
Refer to the climate graphs of Urumqi 
and Kasgar and draw the climate graph of 
Turpan from the statistics provided.
https://www.internetgeography.net/excel-cli-
mate-graph-template/

Refer to the climate statistics and answer 
the following questions:

· List two regions in the Mountains.
· Name two Basins.
· What station has the highest elevation? Where is it located?
· What station has the lowest elevation? Where is it located?
· What station is coldest (mean annual temperature)? Where is it located?
· How many stations experience a minimum temperature below O°C?
· What station receives the highest precipitation? Where is it located?
· What station receives the lowest precipitation? Where is it located?

Analyse the statistics and determine the differences in climate between mountains and basins.

Short responses:
· Explain the terms-spatial and temporal.
· Precipitation varies seasonally.

oExplain this statement
oDescribe the problems of uneven distribution of precipitation.

· North Xinjiang experiences a semi-arid climate compared South Xinjiang’s arid climate.
oProvide precipitation statistics to justify this statement.
oExplain the relationship between precipitation and land cover.

· North Xinjiang possesses more water resources than South Xinjiang. Provide statistics to justify this 
statement.Research how the availability of water resources are generally connected to wealth and poverty 
in Xinjiang.



MOUNTAIN CLIMATES
‘WET ISLAND’ IN A ‘DESERT SEA’‘WET ISLAND’ IN A ‘DESERT SEA’

Xinjiang is surrounded by high glacial mountains such as Tien Shan, Altai, Kunlun, Karakoram and Pamir.
Altitude (height) and aspect (mountain slope direction-north, south, east or west) impacts on their climate.

TEMPERATURE AND PRECIPITATION
Temperature and precipitation varies between Xinjiang’s 
mountains.

•	Temperature
Temperature on mountains becomes colder the higher the 
altitude.
Average temperature decline is about 6.5 °C per kilometre 
(or 0.6.5°C per 100 metres) ascending mountains. However 
the lapse rate varies, depending on whether the air is dry or 
saturated.

•	Precipitation
Mountains tend to receive more precipitation than the 
surrounding plains due to orographic precipitation on 
the leeward side. Conversely, on the rain shadow side of 
mountains, less precipitation falls.
The Tien Shan Mountains are mainly influenced by western air currents, with most precipitation 
from the distant North Atlantic Ocean and Indian Ocean. As some moist air is received from the 
remote northern Arctic Ocean, the mountains generally receive higher precipitation on their western 
and northern slopes.

SLOPE EFFECT
The direction a slope faces affects the physical 
(e.g. glaciers and rivers) and biotic features (e.g. 
plants) of the slope. This is known as the slope 
effect. In the northern hemisphere south facing 
slopes receive more sunlight than north facing 
slopes. Additionally, south facing slopes are warmer 
contributing to more abundant vegetation, compared 
to the colder sparsely vegetated and more heavily 
glaciated northern slopes.

VEGETATION ZONATION
Because of the rapid changes in altitude and 
temperature along a mountain slope, multiple ecological 
zones are arranged according to altitude and the slope 
effect.
Images: Present vegetation belts from the Tian Shan range to its northern foreland basin. https://www.researchgate.net/figure/Present- 
vegetation-belts-from-the-Tian-Shan-range-to-its-northern-foreland-basin_fig5_241538094
https://www.uihere.com/free-cliparts/poster-black-and-white-posters-decorative-mountains-in-the-background- 
1221344
YouTube
Lapse Rates explained https://www.youtube.com/watch?v=p-BLGbkhSO0 Orographic Rainfall https://www.youtube.
com/watch?v=kXg10yGfnl8



TIEN SHAN MOUNTAINSTIEN SHAN MOUNTAINS
CLIMATECLIMATE

The Tien Shan Mountains in Xinjiang stretches from west to east and is the natural boundary of Tarim 
Desert on the south and Junggar Desert on the north. With a length of 1,760km, the Tien Shan Mountains in 
Xinjiang accounts for two thirds of the mountain chain. In Xinjiang the mountains comprise of three main 

sections (North, Middle and South Tien Shan Mountains), more than 20 subsidiary mountain ranges and 10 
intermountain (between mountains) basins or valleys.

Standing out in a vast, dry and hot desert, the grand mountains of Tien Shan features year-round snow caps 
located above green forests and grasslands. The Mountain acts as a large water tower that sustains ancient 

and modern civilisations and life-supporting ecological systems by delivering adequate fresh water to 
downstream areas.

Content and Image: https://whc.unesco.org/uploads/nominations/1414.pdf

The Tien Shan Mountains in Xinjiang illustrates how climate varies with altitude. For example, as you ascend a 
section of the extensive mountain range, the climate changes from warm temperate at the bottom to frigid at the 
summit. The lowest temperature is below minus 500C on Tomur Peak.
Additionally, the slope effect resulted in higher average temperatures on the:

•	South slope compared with the North Slope.
•	East slope compared with the West slope.

For example the annual average temperature of the south slope is 7.5-100C compared to the north at 2.5- 
5.00C.

HYDROLOGY OF XINJIANG TIEN SHAN MOUNTAIN, WORLD HERITAGE SITE

The huge Tien Shan Mountains forms a large water tower to supply the arid basins. There are 373 rivers 
and 160 streams, accounting for 53.6% of the total runoff of rivers in Xinjiang. These rivers support oasis 
ecosystems which are essential to the survival of human beings.

•	Flow direction: Most rivers from the Tien Shan Mountains in Xinjiang flow from south to north. On 
the other hand, several rivers in the western part such as the Yili River, controlled by land tectonics, run 
parallel to the ridges and flow east-west.

•	Elevation: The average elevation of river drainage areas in Tien Shan Mountains in Xinjiang is above 
2,000masl, with some larger rivers originating at 3,500masl.

•	Sources of runoff: Precipitation and seasonal snow melt (37%), groundwater (33%) and glacier 
melt (30%) are the main sources of runoff in the Xinjiang Tien Shan World 
Heritage Site.

https://whc.unesco.org/uploads/nominations/1414.pdf

CLIMATE DATA FOR TIEN SHAN, 3639masl
Continuous permafrost is found from about 3,500-3,700masl

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Record high °C −2.0 5.2 12.1 13.0 18.0 20.9 23.0 23.1 21.1 13.3 7.8 2.3 23.1

Record low °C −42 −44 −38.9 −31.7 −22 −16.1 −11 −13 −20 −34.7 −36.9 −40 −44
Average  

precipitation mm 4.9 8.1 15.9 20.8 54.5 68.4 68.7 48.9 30.5 18.5 12.3 10.8 362.3

Source: https://en.wikipedia.org/wiki/Tian_Shan



NUMERACY AND LITERACY
ALTITUDINAL VEGETATION ZONES ON TOMUR PEAK
Complete the sentences after referring to the vegetation transect.

•	In the Tomur component of the Xinjiang Tien Shan World Heritage Site, the altitude rises from
…..……………… metres to ................................... metres within a 70km horizontal distance.

•	Seven altitudinal zones have develop on the south 
slope including:

1. Warm temperate desert zone (1,450-1,900m)
2. Temperate desert steppe zone……………………....
3. Mountain steppe zone (2,200-2,600m)
4. Sub-alpine meadow zone…………………………...
5. Alpine meadow zone (2,900-3,600m),
6. Alpine cushion vegetation zone………………….....
7. Ice-snow zone……………………………………......

•	Explain why the north facing slope differs to the south 
facing slope.

Transect https://whc.unesco.org/uploads/nominations/1414.pdf

ALTITUDINAL ZONES OF VEGETATION ON BOGDA PEAK
Complete the sentences after referring to the vegetation transect.

Bogda is the main peak of the north Tien Shan Mountains. In the Bogda component of the Xinjiang Tien Shan 
World Heritage Site, the altitude rises from ………………… metres to ..........................metres within a 30 km
horizontal distance

•	Six altitudinal zones have develop on the north slope 
including:

1. Alpine snow zone ............................ (range of metres)
2. Alpine meadow zone ....................... (range of metres)
3. mountain steppe zone ...................... (range of metres)
4. temperate desert zone ...................... (range of metres)

•	Explain why the south facing slope differs to the north 
facing slope.

•	The ice snow zone differs between the Tomur and 
Bogda mountains. Calculate the difference in metres.

Short responses:
•	Explain why temperature and precipitation varies between Xinjiang’s mountains.
•	Using the previous climate graph template, draw a climate graph for the Tien Shan Mountains.
•	Compare the climate statistics of the Tien Shan Mountains with the climate statistics of Turpan 

located in the hyper-arid basin.



MOUNTAIN-BASIN
WATER CONNECTIONS

Xinjiang is a connected mountain–basin system.
The climate in the surrounding high mountains (Tien Shan, Altai, Pamir, Karakoram and Kunlun) 

impacts on two lowland basins (Tarim and Junggar).

The Tarim Basin, home of the Taklimakan Desert, predominantly relies on water from surrounding 
mountains e.g. snow melt, glacier melt and summer precipitation. The Tien Shan Mountains, 
considered to be Central Asia’s ‘water tower’, stores water in the form of snow and ice in winter and 
releases it during warmer periods (June-August), to supply water to lowland basins. When the rivers 
flow from the mountains, water drains into groundwater or is evaporated in the dry environment. As the 
rivers move towards their mouth, a decline in the quantity and quality of water occurs. Rivers generally 
drain inland, referred to as endorheic drainage, frequently leaving salt encrusted dried up lakes (e.g. 
Lop Nur).

The Uyghurs who live in Turpan, are closely linked to the high mountain-desert basin landscape, and 
their sustainable lifestyle.

Diagram: Mountain-Basin Connections
Adapted: https://www.semanticscholar.org/paper/Characteristics-of-soil-organic-carbon-and-total-a-Bi- 
Li/cbeb6f05cdcdc2e6fc1fbcc7a9899fbef8f0f1fe



MOUNTAIN-BASIN
WATER CYCLE FLOWS AND STORAGES 

In a dry environment, with little precipitation and high evaporation, snow melt and glacial melt 
in the form of runoff (streams and rivers) and groundwater, are important water cycle components 

in Xinjiang.

CHANGING WATER CYCLE 
From 1951 to 2000, Xinjiang experienced an increase in temperature and precipitation, with a 
noticeable change around 1987. These atmospheric changes affected Xinjiang’s water cycle. However, 
the impacts differed between North Xinjiang and South Xinjiang:

•	Precipitation increased: More in North than in South Xinjiang.
•	Evapotranspiration increased: More in South than in North Xinjiang.

Arid South Xinjiang received lower precipitation and higher evaporation, compared to semi-arid 
North Xinjiang. This caused a larger water flux (P-E) gap between North and South Xinjiang.

Other water cycle changes included:
•	Reforestation (increased 

transpiration).
•	Irrigation (increased 

evapotranspiration from 
agriculture and decreased 
groundwater).

•	Escalating glacial lake 
outbursts (GLO) causing 
downstream floods.

•	Intensified droughts
Map: Spatial distribution of drought frequency in China 
from 1982 to 2010 https://www.researchgate.net/figure/
Spatial- distribution-of-drought-frequency-in-China-from-
1982-to-2010- The-map-was-created_fig2_321638



MOUNTAIN-BASIN
CHANGING CLIMATE

Glaciers play a key role in supplying water to Xinjiang. However, there is concern about the 
impact of glacial melts on the availability of water in Xinjiang’s lowland basins, where most of the 

population resides.

In the past 50 years, most of Xinjiang’s surrounding mountains experienced an increase in 
temperature and changing precipitation patterns. During this period it is estimated that a 18%-27% 
decrease in glacial area across the Tien Shan Mountains, caused glacial retreat, glacial melts, and 
glacial lake outbursts (GLO) that resulted in downstream floods. The rate and magnitude of these 
hydro-climatic changes have contributed to landslides and avalanches.
With predicted rise in temperatures glacier shrinkage is anticipated to accelerate in future decades. 
Improved understanding of the relationship between changing climate and glacial retreat is essential 
for sustainable water quantity.

A projected increase in temperature in Xinjiang is expected to result in a 27% decline in glacier 
area, 10-15% decline in frozen soil area, increase in flood and debris flow, and more severe water 

shortages by 2050 compared with 1961-90.
Quote and cartoon https://www.iss.nl › file-download › download › public



WATER CYCLE
Refer to the water cycle diagram and answer the following questions:
•	List the water cycleflows.
•	Name the water cyclestorages.
•	Explain the operation of the water cycle from the alpine mountain to the 

inlandlake.

ET- Evapotranspiration
PET-Potential evapotranspiration 
https://ars.els-cdn.com/content/image/1-s2.0-
S0048969719300919-ga1_lrg.jpg

WATER CYCLE STORY BOARD
In groups create your own storyboard illustrating the water cycle in Xinjiang. Use 
geographical terminology-not words such as ‘stuff.’

Storyboard https://www.storyboardthat.com/storyboards/anhubbard/water-cycle

INTERPRETATION AND CREATIVITY 



VISUAL LITERACY
WATER CYCLE CHANGES

Diagram: Responses of hydrosphere, 
cryosphere, and biosphere to changing 
climate on the mountains surrounding 
Xinjiang.
SOS-start of vegetation growing season
EOS-end of vegetation growing season.

Refer to the diagram and answer the 
following questions:

•	Define hydrosphere, cryosphere and 
biosphere.

•	Explain the impacts of an increase in air 
temperature on the cryosphere.

•	Describe how changes in the cryosphere 
change the hydrosphere.

•	Explain what is meant by multi-sphere 
interaction.

Diagram: https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/
joc.5411

MOUNTAIN-BASIN
Refer to Mountain-Basin sketch in this 
unit:

•	Name two lowland basins in Xinjiang.
•	List two mountains surrounding 

Xinjiang.
•	Discuss the impacts of climate change 

in Xinjiang’s surrounding mountains, on 
lowland basins.

•	Explain why snowmelt is important to 
the sustainability of settlements in the 
Tarim Basin.

MOUNTAIN-BASIN
Refer to the satellite image:
Draw a form line diagram of the image and 
label the following:
•	Snow-capped mountains-source of water.
•	Basin with meandering river and riparian 

vegetation.
•	Lake-inland drainage-mouth of river.

https://www.nationalgeographic.com/news/2018/03/world-water-
day-water-crisis-explain



MOUNTAIN-BASIN
KAREZ WATER SYSTEM

China’s Great Wall and Grand Canal as well as Xinjiang’s Karez irrigation system, are 
highlighted as China’s three greatest ancient engineering projects.

The Turpan Karez system was submitted to the UNESCO World Heritage List in 2008.

The ancient Karez water system created over 2,500 year ago, carries glacial melt water, via 
gravity, from towering mountains such as Tien Shan, to distant lowland oases such as Turpan, 
located on the edge of the Taklimakan Desert.
The system channels water underground through a network of channels. Vertical wells are dug into 
shallow groundwater that flows down sloping land from mountain runoff.

KAREZ WATER SYSTEM
Consists of four components:

•	 - Vertical shafts
•	 - Tunnels
•	 - Open channels
•	 - Ponds

In the 1950s, there were more than 1,700 Karez systems in Xinjiang with a total length of over 
5,000km of underground canals. The majority of Karez are located in the Turpan Basin (1,237) and 
Hami Basin (437). In both basins precipitation is less than 20mmpa and evaporation is high between 
1,600mmpa and 3,000mmpa, ensuring glacier melt, snowmelt and precipitation from mountains, as 
well as groundwater, are essential water sources for human survival in deserts.

Karez system https://www.toursxinjiang.com/attraction/164.html 
Diagram: jal.xjegi.com; www.chinasciencejournal.com



KAREZ WATER SYSTEM

Although the traditional Karez irrigation system fails to fully meet 
today’s enormous water demands, initiatives to utilise, protect and restore 
several Karez systems could provide positive examples of sustainable 
management of water in arid and semi-arid regions around the world.



KAREZ DECLINE-TIMELINE



KAREZ-PERSPECTIVES 
According to estimates, the aquifer beneath the Turpan Basin shrinks by about three million cubic 

meters a year, mostly because of oil drilling and agriculture. This is considered unsustainable.

The digging was done by hand using a large work force of Uyghur labour. 
They entered the Karez well shaft and discarded the dirt and rocks via a 
series of pulleys and rope tied to an ox or horse, similar to the photograph.
Image: https://www.farwestchina.com/travel/turpan/uyghur-karez-wells/
Information: https://uhrp.org/news/parched-corner-xinjiang-ancient-water-tunnels-are-running-dry



KAREZ-UYGHUR IDENTITY
Historical records of Uyghur tales and poems mention the ‘underground myriad of flowing rivers’, ‘luscious 

grape vines’, ‘vast yellow desert’ and where ‘ice and fire coincide.’
Culture, songs and proverbs bind the Karez to the Uyghur.

Photograph: Karez are visible on the surface as linear rows of earthen mounds
https://www.agefotostock.com/age/en/Stock-Images/Rights-Managed/C40-1235094
Quotes https://www.academia.edu/23299806/MSc_Thesis_Water_at_the_boundaries_conserving_the_Karez_in_Turpan_Northwest_China



Turpan located in one of the hottest depressions in the world, is an oasis surrounded by a desert.
Precipitation is about 18mmpa and evaporation 2,838mmpa (Evaporation>Precipitation).

Summers are unbearably hot with an average temperature above 38oC, and winters are bitterly cold 
with an average temperature of -10oC.

Snow and glacial melt from Tien Shan Mountains (precipitation 500mmpa-800mmpa) and groundwater 
have contributed to Turpan evolving into a ‘green oases’.

Surface water in Turpan City averages only 19,690 m3/km2.
This is considerably less than the average for China, which is 270,800 m3/km2.

https://www.witpress.com/Secure/elibrary/papers/SI06/SI06005FU1.pdf

MOVEMENT OF WATER FROM TIEN SHAN MOUNTAIN TO TURPAN BASIN VIA 
KAREZ SYSTEM.

Diagram: http://www.chinadaily.com.cn/2015-04/16/content_20446065.htm

“Without the invention of the Karez, Turpan which has prospered 
under different kingdoms and religions throughout history, simply 
wouldn’t exist,” said Chen Xinwei of the Turpan Cultural Relics 
Bureau. He has been working to preserve the ancient man-made 

structures, many of which are still in use, despite being built more than 
2,000 years ago.

http://www.chinadaily.com.cn/2015-04/16/content_20446065.htm

KAREZ-HYPERARID TURPAN 

Diagram: https://link.springer.com/chapter/10.1007/978-3-030-00728-7_1



Despite the harsh arid climate, the Turpan oases contain fertile soil, Karez, and intermittent rivers, 
springs and wells, which have enabled this wasteland to become a valuable agricultural area.
About 71% of Turpan’s population is engaged in agriculture. Grapes are the predominant crop 
grown, with Uyghur farmers the largest ethnic group.
The oases produce a diversity of crops such as: 200 different types of grapes; fruits such as apricots, 
pears and peaches; vegetables; as well as wheat and cotton.

.
MODEL OF TURPAN WATER 

SYSTEM
Water is collected from mountains and 
channelled underground to agriculture 

fields.

Following the steps of Marco Polo, Genghis 
Khan and Alexander the Great, merchants 
travelling through Turpan on the ancient 
Silk Road relied on oases for water from 
the Karez system, recharged by snow and 
glacier melts from the Tien Shan Mountains.

Image: Irrigation system in Turpan https://www.vice.com/en_us/article/nzkd8w/how-one-of-the-worlds- 
hottest-cities-became-a-hub-for-grape-growing
Model: https://en.wikipedia.org/wiki/Turpan_water_system#/media/File:Turpan-karez-maqueta-d01.jpg

KAREZ-TURPAN AGRICULTURE



TURPAN: GRAPE CAPITAL OF CHINA

Xinjiang was cultivating grapes 
in the 4th Century BC, when 
Greek settlers brought the 
vine to the region. In the 13th 

Century, when Marco Polo 
was exploring the legendary 
Silk Road, he noted that Turpan 
produced exceptional grapes 
and fine grape wines.
The secret to Turpan’s high sugar content grapes are the following:

	- Karez system
	- Hot dry summers
	- Copious sunshine
	- Large diurnal temperature range

During exceptionally cold winters the vines are buried in the Earth.
As grapes produce higher profits per unit area than other crops (e.g. three time more than wheat) their 
popularity in Turpan is expanding.

GRAPE VALLEY
Turpan’s Grape Valley situated in Flaming Mountains, is 8km long and 600-2,000 metres wide. The 
valley is crisscrossed with irrigation canals. Here grapes, with the aid of the Karez have been grown for 
more than a 1,000 years. As a consequence, in Spring the valley resembles a ‘garden with a hundred 
types of flowers’ and in Summer an ‘orchard with a hundred different varieties of fruit’.
About 6,000 Uygur, Hui, and Han ethnic groups live in the valley, 
cultivating 500ha of land, with 220ha designated to grape cultivation.
Image: Grape Valley-Turpan-fertile oasis in middle of desert https://www.livingcoramdeo.
com/2017/03/18/ancient-oasis-chinas-remote-desert/



TURPAN-GRAPES INTO RAISINS
Turpan’s rural landscape predominately grows grapes. As a consequence the land is sprinkled with grape 
arbors or chunches that converts grapes into raisins.
Chunches are brick-and-mud towers built on top of windy hills, where grapes are dried for 40 days. 
The chunches possess a dark interior with walls covered with holes to allow the hot desert wind to pass 
through. This simple technology assists the drying process through evaporation, and produces sweeter 
grapes than those dried in sunlight.
Turpan is the largest green raisin producer in the world, and China the world's third largest producer of 
raisins.

Image: Chunches https://www.vice.com/en_us/article/nzkd8w/how-one-of-the-worlds-hottest-cities-
became-a-hub-for-grape-growing
Image: Sun dried raisins in Turpan https://twitter.com/XHNews/status/906456276355436544/photo/



TURPAN-GRAPES INTO UYGHUR WINE

Around 250AD, Turpan was described as a land that ‘overflows with wine’. Despite alcohol been 
forbidden by Islam, Muslim Uyghurs have produced wine called musailaisi or museles, since the 4th 
century.
The brewing process varies between households. The following process is one example:

• Crush grapes into juice by hand.
• Add an equal amount of water. Combine with sugar. Boil mixture until volume is reduced/

concentrated.
• Blend in herbal medicines, goji, mulberries, sea-buckthorn and cloves. Some Uyghurs add raw 

pheasants, pigeons and chickens.
• Strain mixture through the Uyghur Atlas silk (produced by the Atlas moth).
• Ferment mixture in a jar for around 40 days.
• Bottle the mixture.
• Some villages, have communal gatherings to mark the harvest and the processing of grapes into 

wine.

Uyghurs consider Muselaisi a healthy drink and a 
treat for family and guests. Most wine is consumed 
locally, however it is marketed under the name 
‘Merceles’.
China plays a significant role in the world’s wine 
industry, as it is the seventh largest wine producer 
in the world.
The implementation of modern technology 
in Turpan, resulted in the wine industry using 
highly industrialised winemaking techniques run 
by Han migrants, who benefit from government 
subsidies. As a consequence, smaller Uyghur-
owned wineries are at a disadvantage to larger 
operations.
Image: Traditional wine press at a Uyghur-owned winery in Awat, 
Xinjiang.
https://www.gettyimages.com.au/detail/news-photo/to-go-with- china-
xinjiang-economy-wine-feature-by-benjamin-news- photo/475797942



MANAGEMENT-WATER SCARCITY
TURPAN

Turpan is one of China’s poorest and most arid regions. 
Struggling to balance limited water supplies with growing 
demands, the Turpan Basin faces water resource challenges:
• Chronic exploitation of groundwater.
• Falling water tables.
• Low incomes for small farmers.
• Insufficient supplies for ecosystems.
Previous efforts to save water led to an increase in basin water 
consumption.

TURPAN WATER CONSERVATION 
PROJECT 2010-2017

The project used advanced remote-sensing (RS) technology, targeted improvements in irrigated 
agriculture, reformed water rights and addressed water pricing, for a ‘whole-system’ water 
resources management solution supported by the World Bank.
This new ‘China Turpan Model’ provides sustainable solutions for combatting water scarcity in arid 
regions, with over-exploited water resources and degraded ecosystems.

Content: http://documents1.worldbank.org/curated/en/128351554920790216/pdf/China-Turpan- 
Management-Model.pdf



PERSPECTIVES 
TURPAN WATER STAKEHOLDERS 

Content: http://documents1.worldbank.org/curated/en/128351554920790216/pdf/China-Turpan-Management-Model.pdf



SUSTAINABLE MANAGEMENT
TURPAN

Content: http://documents1.worldbank.org/curated/en/128351554920790216/pdf/China-Turpan-
Management-Model.pdf



ACTIVITIES-KAREZ SYSTEM 
Karez irrigation system is considered one of the great engineering feats of ancient China. However, in 

parched Xinjiang, ancient water tunnels are running dry 

DID YOU KNOW?  
The oldest Karez well is the Tuer Karez Well located in Zhuangzi village, Turpan city. It has been used for 

over 470 years and is 3.5km long.  
The most famous Karez well is the Miyimu Aji Karez Well which is 5km long and has a depth of 80 metres, 

which has been used for over 200 years. 
Adapted: http://www.intochinatravel.com/karez-well-turpan/ 

In pairs answer the following questions by referring to this article and the internet.

Diagram: http://www.intochinatravel.com/karez-well-turpan

YouTube:
• This Ingenious System Brings Water to the Chinese Desert https://www.youtube.com/watch?v=8rQAXaaU1v8
• Ancient Karez Water Distribution System of Turpan https://www.youtube.com/watch?v=-pjFw_uIjks

ICT
• Uyghur Karez. The Underground Great Wall http://mongolschinaandthesilkroad.blogspot.com/2011/10/uyghur-karezes-documentary.

html
• Karez Wells-World Heritage Tentative List unesco.org/en/tentativelists/5347/
• Karez System’s Dilemma https://link.springer.com/chapter/10.1007/978-3-030-00728-7_22



DWINDLING WATER RESOURCES
XINJIANG

Climate related drought and human activities have contributed to Xinjiang’s dwindling water supply.

2ND CENTURY BC
The Tarim River supported the ancient Loulan Civilisation However expanding population and past 
climate change led to water shortages, causing the abandonment of Loulan City, one of the largest cities 
along the historic Silk Road.

SINCE 1949
Over time, Xinjiang experienced accelerating demand for scarce water resources. Large areas of deserts, 
grasslands, wetlands and wastelands, were converted to grow crops.
•	Xinjiang Production and Construction Corps (XPCC) pioneered modern agricultural production 

in the region. This resulted in 200,000 soldiers commissioned to cultivate land, followed by mass 
in- migration of Han Chinese seeking jobs. Population expanded and cultivated area doubled, with 
70% of irrigated land utilised for grain production. However, by the 1980s large-scale water intensive 
agricultural enterprises focussing on cash crop production, dominated the rural landscape.

•	The Chinese government’s 1999 ‘Develop the West’ project expanded cotton and energy industries
in Xinjiang. Both industries placed high demands on scarce water resources.
Xinjiang is China’s largest cotton producing area. The cotton region located around 36°0′N-46°2′N, 
is located on desert oases and pastures on alluvial plains. Xinjiang produces high cotton yields and 
superior quality cotton, with 63 out of 86 counties dependent on cotton as a source of income. This 
water thirsty crop relies heavily on drip irrigation. However the area is susceptible to
drought, dust storms and water shortages.

Image: Xiaohe Princess Loulan http://pengetahuan-nony.blogspot.com/2013/02/kecantikan-xiaohe-mumi- 
perempuan-ca.html



DWINDLING WATER RESOURCES
XINJIANG

LAKES GROUNDWATER GLACIERS
•	 1950-1980 decrease 

of 50% in the surface 
area of lakes.

•	Only 3 freshwater 
lakes exist out of 
139 lakes.

•	 Salinity increased 
when water depths 
decreased.

Xinjiang’s groundwater was low-
ered to 60 metres-one of the lowest 
in the world.

•	Over the past four decades, 
Xinjiang’s climate increased 
by about 1.4oC, twice the 
global average.

•	The warmer temperatures, 
resulted in the Tien Shan Moun-
tains loosing 27% of its ice mass 
compared to the
world average of 7%.

DANGEROUS TIMES AHEAD FOR URUMQI!

Natural sources of water supplying Urumqi, the capital city of Xinjiang, are disappearing such as 
glaciers and lakes:

a. A. URUMQI GLACIER NO. 1 is more than 4.8 million years old. Its source is in the Tien 
Shan Mountains and its terminus is only 110 km from the capital city, Urumqi. As a major 
source of water to the Urumqi River, snow and glacial melts from the glacier supplies water to 
nearly 4 million people.
This glacier is also noted as the world’s closest glacier to an urban area.
Since 1997, the average temperature of Urumqi Glacier No. 1, rose 1oC. As a consequence the 
glacier experienced the following changes:

• 1958-2010: Height decreased by 15 metres.
• 1964-2018: Area decreased by 22%.
• 1993: Split into two glaciers.
• 1983-2006: Runoff in the Urumqi River Basin increased by 30%.
• 2019: Researchers estimated that the glacier will have disappeared in the next 50 years.

b. B. FRESHWATER SAY’OPA LAKE located east of Urumqi, is also shrinking in volume. 
Declining water levels of lakes will produce environmental and socio-economic problems such 
as wetland shrinkage, species reduction, water quality deterioration, fish decrease and crop 
water shortage. Keeping water levels of lakes and reservoirs at a reasonable level is critical

for environmental protection and social stability.
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183800



TARIM RIVER BASIN
DWINDLING WATER RESOURCES

Map and graph: http://www.chinawaterrisk.org/wp-content/uploads/2017/10/water-stress.jpg

The Tarim River Basin, located between 73°E–97°E and 34°N–45°N, covers an area of 1,020,000km2. 
With low precipitation (30mmpa to 70mmpa) and high evaporation (2100mmpa- 3000mmpa) this 
already water scarce basin has been subjected to escalating human interactions such as population 
growth, agriculture, animal husbandry, mining, industry and urbanisation. These interactions contribut-
ed to:

•	Decline in water quantity (overexploitation of groundwater, dry rivers and disappearing lakes).
•	Deterioration in water quality (eutrophication, salinity and arsenic).

Decline in water quantity occurred in the Tarim Basin when water consumed exceeded water 
resources by 80%. This resulted in 37% of the Tarim River Basin facing ‘extremely high water 
stress’.

EXTREME WATER STRESS IN TARIM BASIN
DARK RED-Largest area suffering extreme water stress is located in South Xinjiang.



TARIM RIVER BASIN
FACTORS CONTRIBUTING TO WATER STRESS

IRRIGATION
Agriculture accounts for 95% of Xinjiang’s water consumption:

· Irrigated land: Increased from 700,000ha (1949) to 2,000,000ha (2018).
· Large scale intensive farming: Water thirsty cotton accounts for 30% of Xinjiang’s sown areas.

POPULATION GROWTH
About 50% of Xinjiang’s population live in the Tarim River Basin.

RESERVOIRS
In the 1970s the construction of Daxihaizi Reservoir shortened the Tarim River by 320 km, and Lake Lop Nur
that was originally fed by the Tarim River, dried up.
Lack of water in the lower reaches of the Tarim River, threatened extinction of riparian native forests 
referred to as the ‘Green Corridor’. However, reservoirs play important roles such as water supply, flood 
control, irrigation, power generation and ecosystem preservation.

WATER THIRSTY ENERGY RESOURCES
· The Tarim Basin contains abundant oil and gas resources. 

Scarce water is used to drill, refine and process oil and gas, as 
well as produce electricity.

· The Tarim oilfield provides natural gas to 15 provincial regions 
in northern and eastern China via the country’s West-to-East gas 
pipelines. The latest discovery of a huge gas field by PetroChina, 
will impact adversely on Tarim Basin’s scarce water resources.

· The Tarim Basin is a productive location for mining shale gas. 
It is extracted using fracking that requires enormous quantities 
of water as well as contaminating water sources.

China is investing in the vast, resource-rich Xinjiang region with the aim of bolstering oil 
extraction and refining, coal production, power generation and natural gas production. In 

deserts once traversed by Silk Road camel caravans, sands are now crisscrossed with pipelines 
and high- voltage wires. The region’s energy wealth flows mainly to state-owned oil companies 

in Beijing and to the Communist Party, dominated by ethnic Han
https://www.nytimes.com/2014/12/21/world/asia/china-invests-in-xinjiang-region-rich-in-oil-coal-and-also-strife.

html

IMPACTS OF WATER STRESS ON ECOSYSTEMS

Ecosystems in the Tarim River Basin have existed for about 2,500 years. However, today ecosystems are 
experiencing water stress from pollution, salinity, falling groundwater levels, declining biodiversity (65% loss 
of natural vegetation) and expanding desertification (150-200 km2 yearly). In 2019 a three-year project was 
launched to restore forests along the Tarim River, such as the Populus Euphratica Forest.

Since 2016, Xinjiang has implemented the Most Stringent Water Management system. 
‘Red Line’ targets on water use by 2030 have been assigned to each sub-basin of the 
Tarim.

Additionally, water rights trading and ‘River Chief’ system, are being implemented.
http://www.chinawaterrisk.org/resources/analysis-reviews/5-facts-about-the-tarim-rive

Map: Fossil fuel energy distribution in Xinjiang.
https://www.powermag.com/energy-industry-xinjiang-china-potential-problems-solutions-web/?pagenu



WATER-ENERGY CONNECTIONS
AGRICULTURE AND ENERGY COMPETE FOR WATER
Water and energy are interconnected, such as water cools power plants, and electricity moves, heats and 

treats water supplies. Consequently conserving water saves energy and vice versa-conserving energy saves 
water.

Even though Xinjiang is an agricultural region it is rich in fossil fuels such as oil, natural gas and coal that 
require large quantities of water for fuel extraction, processing and distribution.

Photo: https://energyinfrapost.com/china-shut-117-small-coal-mines-xinjiang/
Photo: http://www.chinadaily.com.cn/ethnic/2009-09/23/content_8725046_7.htm



WATER-ENERGY CONNECTIONS
Xinjiang is an energy rich region. Exploitation of energy resources such as non-renewable fossil fuels 
is the driving force behind its growing economy. However they are very thirsty resources and at the 

current trend could require double the quantity of water by 2035.

ENERGY RESOURCES IN XINJIANG COMPARED TO CHINA
•	Fossil energy resources in Xinjiang account for 38% (coal), 21.5% (oil) and 23.3% (natural gas) 

of national reserves.
•	The region has the largest oil reserves, second largest natural gas reserves and third largest 

coal reserves, in China

FOSSIL FUEL ENERGY PRODUCTION IN XINJIANG
Proportion of coal production increased (2005-2014)

LIFE CYCLE WATER-ENERGY FOOTPRINT

Life-cycle water consumption refers to water consumed throughout 
the whole-life cycle of a product. For example energy includes 
water consumed for extracting, processing and transporting fuel, 
as well as building, operating and decommissioning 
power conversion facilities.

LIFE CYCLE WATER-ELECTRICITY FOOTPRINT

Water is essential to produce electricity. However the 
quantity of water used to generate electricity varies 
from power plants using coal, natural gas, oil, uranium, 
biomass, wind, solar and hydropower.
China’s coal-fired power generation industry is the 
main industrial water consumer.
A Megawatt Hour (MWh) of electricity generated 
by coal withdraws approximately 16,052 gallons and 
consumes approximately 692 gallons of water.
As coal transportation and electricity transmission flows 
from water-scarce Northwest China (e.g. Xinjiang) 
to water-rich East China, huge quantities of water is 
consumed.

Table: https://www.powermag.com/energy-industry-xinjiang-china-potential-problems-
solutions- web/?pagenum=4
Image: https://phys.org/news/2012-12-footprint-scale-sustainable-emission-reducing-energy.html



WATER
CRITICAL FOR OIL AND GAS INDUSTRIES

“It was an open secret in the 19th Century that in some places in Xinjiang, raw crude pure enough to light lanterns and 
stoves could be collected by the bucketful. Geographical surveys stretching back to the Qing period (1644-1911) identified 

oil seepages throughout the region.”
https://chinadialogue.net/en/energy/11031-how-oil-has-shaped-xinjiang/

oTarim, Junggar and Turpan- Hami 
Basins in Xinjiang are rich in oil and 
natural gas.

oIn Aksu and Karamay the oil and gas 
industry is expanding, with the West–
East Gas Pipeline to Shanghai.

oKaramay (‘Black Oil’) is located in 
wealthier North Xinjiang.
Karamay possesses a major oil field and 
the district of Dushanzi an oil refinery.
Urban Karamay’s population enjoy a 
high GDP per capita similar to major 
cities located at China’s wealthy east 
coast.

oIn 2018, the Xinjiang Oilfield 
Company became China’s largest 
production base for high-quality 
naphthenic base heavy oil. This is a 
rare raw material used for industrial 
products such as rocket propellant.

oIn northern Xinjiang the Baijiantan 
oil field, contains endless oil derricks. 
By contrast, several oil sites outside the 
city of Kashgar in southern Xinjiang, 
sticky black crude oozes and bubbles 
out of the ground collecting in dark 
pools. Inequality in technology has 
contributed to shaping wealthier 
North Xinjiang and poorer South 
Xinjiang.

https://www.chinadialogue.net/culture/11031- 
How-oil-has-shaped-Xinjiang/en
Background https://www.aa.com.tr/en/energy/oil/ch 
major-oil-reserves-in-xinjiang-uygur-region/14852



WATER
CRITICAL FOR OIL AND GAS INDUSTRIES

https://www.cnbc.com/advertorial/2017/11/13/five-barrels-
of-water-for-one-
barrel-of-oil.
Cartoon https://www.cartoonstock.com/directory/l/like_oil_
and_water.asp
Diagram: China ready for shale gas revolution https://www.
sciencedirect.com/science/article/abs/pii/S1462901114000549

Water extracted with oil and gas is called ‘produced water’. This water can either be re-used (e.g. 
irrigate farms) or disposed (e.g. groundwater).

THERE IS ‘NO OIL’ WITHOUT WATER

• It is impossible to produce oil without water, because 
water is naturally present in oil reservoirs.

• In 2020, the planet’s oil wells produced nearly 12.7 
billion gallons of water a day.

• An average of 3-5 barrels of water is produced with 
one barrel of oil. This means water is the number one 
fluid produced by the oil industry.

• Oil mining and production is unsuitable if it causes 
water stress in Xinjiang. Water management, for the 
oil industry, is a core challenge.

WATER USED IN OIL AND GASE 
INDUSTRIES

• Drill and hydraulically fracture (‘frack’) 
wells. Water is injected into rocks to force 
open fissures and extract oil or gas.

• Refine and process oil and gas.
• Produce electricity in natural gas power 

plants. 
•	
Most of the water is sourced from groundwater 
in Xinjiang.



WATER–COAL CONNECTIONS

Map: https://www.researchgate.net/figure/Newly-discovered-coalfields-in-Xinjiang-China_
fig5_228247032
Background https://www.industry.gov.au/news-media/office-of-the-chief-economist-news/india-is-
one-of-the-great-hopes-for-thermal-coal-exporters-but-also-presents-a-number-of-challenges
ICT: China’s Future Energy Security Will Depend on Water https://www.chinafile.com/content/china-
s-future-energy-security-will-depend-water-illustration-

Xinjiang’s coal resource reserves have been estimated to exceed 2.19 trillion tonnes, accounting for 
about 38% of the country’s total. The region produced over 37.5 million tonnes of raw coal during 
January and February 2020, up 17.7% year on the previous year, despite a labour shortage and 

transportation difficulties arising from the coronavirus epidemic.
http://www.xinhuanet.com/english/2020-03/18/c_138891211.htm

COAL AND WATER CONNECTIONS 
IN XINJIANG
•	Coal-mining activities in Xinjiang 

have adversley impacted on scarce 
water resources. Water demand, 
outstrips scarce water supplies, causing 
groundwater depletion and water 
stress.

•	Between 1m3 and 2.5m3 of groundwater 
is destroyed per tonne of coal mined.

•	Groundwater is contaminated with acid 
chemicals and wastes from the mining 
process. High uranium concentrations 
from coal mining were found in 
groundwater in Yili, Xinjiang.

•	Many companies plan to produce 
methanol, polymers and other chemicals 
from coal in Xinjiang. However these 
processes are water- intensive.



XINJIANG ENERGY BASE
The rapid development of China’s economy in recent years created a growing gap between energy supply and energy 
demand. Aimed to reduce the energy gap, China developed five big energy bases. One such base is located in 
Xinjiang because its coal, wind and solar resources exceeds its energy demands.
To resolve the energy gap between energy producers (far west China such as Xinjiang) and energy consumers 
(heavily populated coastal east China), the State Grid is building the largest ultrahigh-voltage (UHV) electricity 
transmission.
Xinjiang aims to export energy not only to the rest of China but to Russia and central Asian countries. Consequently, 
promoting the development of the energy industry in Xinjiang is of vital significance for economic and social development 
of the region and also China.

Map 1: Five-big energy bases in China
Map 2: Energy production and consumption 
areas in China. Xinjiang an exporter of coal 
energy Map 3: Rise of the Super Grid (UHV). 
Electricity flows across China (west to east)

Xinjiang, where the new UHV line starts, is 
home to large-scale wind and solar projects. 

The National Energy Administration has 
banned the construction of new coal-fired 

plants in Xinjiang, as well as 20 other 
provinces, because of expected overcapacity. 

https://www.tdworld.com/overhead- transmission/
article/20972092/worlds-biggest-ultrahigh- voltage-line-

powers-up-across-china

Maps: https://www.researchgate.net/figure/Five-big-energy-base-in-China_fig3_281676168 https://
www.sciencedirect.com/science/article/abs/pii/S1364032117306731 https://www.economist.com/
science-and-technology/2017/01/14/electricity-now-flows-across-continents- courtesy-of-direct-cur



SUSTAINABLE MANAGEMENT
REDUCE ENERGY-WATER FOOTPRINT

Aimed to reduce greenhouse gas emissions, tackle air pollution and 
decrease water consumption, China is escalating the production of 
renewable energy. China is the world leader in renewable energy 
investment. In 2018, wind and solar power generation rose 15.2% and 
13.6% in Xinjiang.
Its green-and-smart energy policies, referred to as “Going Global”, 
includes renewable energy investment in programs involving its Belt and 
Road Initiative (BRI). From 2015 to 2021, China aims to install 36% of 
the global hydro-electricity generation, 40% of the global wind energy and 
36% of the global solar energy (IEA).

Pie graph: Energy mix in Xinjiang
https://www.powermag.com/wp-content/uploads/2015/12/fig-8.jpg
*Almost all coal, petroleum, nuclear, geothermal, solar thermal electric, and waste incineration plants, as well as many natural gas power stations are 
thermal

HYDROPOWER
In Xinjiang:
•	There are approximately 570 rivers
•	Water resources are mainly concentrated in the Ili/Yili, Eerqisi, Kaidu and Yarkand/

Yarkant Rivers. Among them, the Ili/Yili River contains the largest reserves, in which 38 
power stations can be developed.

•	Hydroelectric power stations include Project 635 Dam.

Map: Rivers with 
Hydropower 
Potential

Sources: Renewable Energy statistics in Xinjiang; Resources and Economy Atlas of Xinjiang 
Uyghur Autonomous Region
https://www.powermag.com/energy-industry-xinjiang-china-potential-problems-solutions-web/?pagenum=2



SUSTAINABLE MANAGEMENT
REDUCE ENERGY-WATER FOOTPRINT

WIND ENERGY 
• Xinjiang contains the largest domestic 

wind turbine manufacturer in China, called 
Goldwind.

• Wind energy is mainly distributed in 
northern and eastern Xinjiang.

• Mountain valleys between DaBanCheng 
(Dabancheng) and Urumqi create a natural 
wind tunnel. In the vast natural wind tunnel 
that is Dabancheng, the gales that roar between 
the snow- capped mountain ridges get so strong 
that trains have been gusted off railway tracks 
and lorries overturned. “A few years ago wind 
energy was boutique, something to show off to 
foreigners to prove how green they are but now 
it is a very serious part of their energy policy,”

https://www.theguardian.com/environment/2008/jul/25/
renewableener gy.alternativeenergy

SOLAR ENERGY
• Xinjiang is rich in solar energy resources with a 

sunshine duration 2,550-3,500 hours per year.
• Xinjiang’s annual radiation intensity is 15% to 

25% higher than other parts of China located in 
the same latitude.

• Throughout the year, approximately 250~325 
days have more than 6 hours of sunshine.

• High annual insolation is concentrated in the 
eastern regions such as the Hami district.

• The first solar thermal power plant in Xinjiang 
went into operation in 2019. In contrast 
to photovoltaic panels that cannot generate 
electricity at night and can easily be affected by 
weather changes, the solar thermal power plant 
can generate power steadily with lower cost and 
higher efficiency,

http://helioscsp.com/xinjiangs-first-concentrated-solar-power-plant-
operational/

Maps: https://www.powermag.com/energy-industry-xinjiang-china-potential-problems-solu-
tions- web/?pagenum=3
Image: The Dabancheng wind farm in Xinjiang https://www.theguardian.com/envi-
ronment/2008/jul/25/renewableenergy.alternativeenergy
Image: Large solar panels in Hami, Xinjiang https://fortune.com/2016/09/14/china-solar-panel-production



LARGE WATER FOOTPRINT
Xinjiang possesses one of the largest per capita water 
footprints out of 30 provinces in China. However, within 
Xinjiang, the water footprint (WF) varies between regions 
and the types of crops grown.

REGIONS-PER CAPITA WATER 
FOOTPRINT

AGRICULTURE PRODUCTION-WATER 
FOOTPRINT

Agricultural production is the major water consumer in Xinjiang.
The crop water footprint (CWF) is the highest component of the 
water footprint (WF). However, it varies depending on the type 
of crop grown and the growing process.
From 1990-2018, the CWF increased by 256%, mainly due to 
the expansion of cultivated area and the growing of high water 
consumption crops such as cotton. For example a typical pair 
of jeans uses 7,600 litres of water for growing cotton and the 
manufacturing process. Most of the water used is blue water.



WATER FOOTPRINTS
The water footprint measures 
the quantity of water used to 
produce goods and services 
consumed.
The water footprint contains 
three components-green, blue 
and grey. These components 
provide an overview of the 
source of water consumed, 
either as precipitation (green), 
groundwater (blue), and volume 
of water required for the 
assimilation of pollutants (grey 
water).

QUANTITY OF WATER USED FOR AGRICULTURE-XINJIANG
Blue 

Water
Green Water

91.31% 8.69%
Runoff from surrounding mountains, 

groundwater and Karez underground 
system.

Arid and semi-arid climates receive little 
precipitation. Consequently there are few 

above ground storages such as lakes.

QUANTITY OF WATER USED FOR AGRICULTURE-XINJIANG
Increased about 3 to 4 fold 1988-2015

Type of Water Blue Water Green Water
1988 10.45 billion m3 2.57 billion m3

2015 37.54 billion m3 8.94 billion m3

Xinjiang has the highest consumption of blue water compared to other regions in China. Most blue 
water is used for agricultural production, especially goods exported to other Chinese provinces and 
overseas. Currently, this export-oriented economic growth strategy is not sustainable for water scarce 
Xinjiang.
Over exploitation of blue water led to depletion of water resources, poorer water quality (salinisation 
and pollution), decline in ecosystem functioning, and also impacted adversely on human health.

Could Xinjiang decrease production of water intensive products?
Did short term gains of raising agricultural productivity come at the cost of depleting water 

supplies?

https://sdgresources.relx.com/feedback/water-footprints-primary-crop-production-xinjiang https://www.
researchgate.net/publication/330365660_Water_footprints_of_primary_crop_production_in_Xinjiang Image: 
http://ubclfs-wmc.landfood.ubc.ca/webapp/VWM/course/global-water-challenges-1/green-and-blue-water- 
cycle-2/



VIRTUAL WATER
UNSUSTAINABLE WATER TRANSFER

WHAT IS VIRTUAL WATER (VW)?
•	Volume of water required for the production of a commodity.
•	Water embodied in traded commodities.

VIRTUAL WATER WITHIN CHINA
Many developed regions and cities in China such as Beijing and 
Shanghai with large water footprints, contributed to water depletion in 
water-scarce regions such as Xinjiang.
Irrigated agricultural products and water-intensive cotton moves 
from ‘west to east’, across China. The geographical movement of 
fresh water resources from Xinjiang, is referred to as virtual water.
In Shanghai, a highly developed city in China, only 20% of Shanghai’s 
water footprint, is from local watersheds while 80% comes from 
water-scarce regions, such as Xinjiang. This disproportionate 
consumption of water by wealthier eastern regions has potential future 
impacts on water availability in Xinjiang.

PHYSICAL AND VIRTUAL WATER FLOWS IN CHINA

Graph: https://link.springer.com/chapter/10.1007/978-981-13-9163-7_3



POLLUTION INDUCED WATER 
SCARCITY

Xinjiang’s high and extreme water stress is partly due to water contamination.

XINXIANG’S’ WATER QUALITY IS AFFECTED BY:
• Salinity
• Arsenic
• Low levels of iodine causing stunted physical and mental growth
• Agricultural runoff-pesticides and fertilisers
• Domestic sewage and industrial and mining wastewater discharge
Poor access to sufficient quantities of clean water and sanitation in Xinjiang, contributes to water 
related diseases such as cholera, diarrhoea, dysentery, hepatitis, typhoid and polio.

GROUND PITS-LAOBA
Access to water all year round has been complicated for 
inhabitants living near the Taklimakan Desert.
In Hotan residents divert summer floods into pits in the ground 
to be stored from June to November. People, donkeys and 
sheep drank from ground pits. Animal waste, leaves and litter 
accumulated. The water turned green and foul. The puddle water 
was sour and salty because of the saline-alkali soil. Flood pits 
were still common in Hotan villages until the 1990s.
In the 1980s, the Chinese government launched a campaign 
to drill wells, build water towers and lay pipelines to solve the 
drinking problem. In 1990s More than 600 water towers were 
erected and 5,000 wells drilled across Hotan. However, in 2015, 
more than one million people still lacked clean water in Hotan.
Adapted https://www.chinadaily.com.cn/china/2017-07/11/content_30070640.htm

In 2015, Kashgar’s water quality improved after the ancient 
city’s renovation project was completed. “In the past, we need 
to get water from afar by buckets and push carts. The water was 
often too dirty to drink.” By the end of 2019, more than 1,300 
centralised water supply projects had been constructed across 
Xinjiang.
http://www.xinhuanet.com/english/2020-06/21/c_139155122.htm https://news.cgtn.com/news/2020-
05-21/Xinjiang-Poverty-Battle-Farmers-now-have-access-to- clean-water-QFqK9Q5Tb2/index.html

SUSTAINABILITY OF WATER ECOSYSTEMS
In Xinjiang water ecosystems have been marginalised by 
economic development and land use changes such as: removal of wetlands for agriculture; diversion 
of rivers; exploitation of groundwater; and contamination of water from industry, mining, agriculture 
and domestic activities. Of critical importance is that water ecosystems are valuable as
they replenish and purify water essential to human health.
Image: Old and new water system use Xinjiang from pits to taps http://www.xinhuanet.com/english/2020- 
07/04/c_139188358.h



GOVERNMENT RESPONSES
Xinjiang is experiencing serious water shortages that requires urgent 

sustainable management.

•	In the 1990s, the Chinese government introduced a water management- quota 
system for more efficient, effective and equitable water distribution over 
time and space. However, the water quotas for downstream regions 
in the Tarim River Basin were frequently not fulfilled, especially 
during the non-flood season in spring and early summer, posing a 
risk of water scarcity.
Additionally, unfair distribution of water occurred:

• Water users with financial and political advantages 
gained more water security than others.

• Water quotas are annual quotas. Instead quotas 
should be differentiated into seasonal quotas, in order 
to enhance water security for the downstream section of 
the Tarim River Basin all year round.

GOVERNMENT
• Instigated water-conservation practices such as 

reservoirs to regulate water supplies. The number of 
reservoirs in Xinjiang grew from 19 (1978) to 543 
(2018). These reservoirs are essential, as climate change 
rendered water supplies from Tien Shan and Kunlun 
Mountains unpredictable.

• Implemented water efficient technology to reduce 
water waste.

• Upgraded water canals and drainage systems.
• Increased the effectiveness of irrigation-drip 

irrigation rather than flood irrigation.
• Diverted water to restore the lower reaches of the 

Tarim River and irrigate native forests.
• Banned glacier tourism.
• Proposed 1,000km tunnel (world’s longest tunnel) to 

move water from Brahmaputra River in Tibet, to Xinjiang.
• Provided safe drinking water to 800,000 people. This led to 

the elimination of the Laoba (makeshift reservoirs) used by poor 
Uyghur farmers that posed health risks for drinkers.

• Approved construction of a water control project on the upper 
reaches of the Aksu River that aims to become the world’s highest dam 
once completed.

Other government projects include: Natural forest protection, returning farmland 
to forest or grassland, prevention and control of desertification, and wildlife 
protection.

Groups have proposed a series of water schemes, such as ‘Hongqi River’ and 
‘Great West Line’ to transfer fresh water from south-west China to Xinjiang. 
However at present, the government has not yet endorsed these schemes.
Dragon https://society6.com/product/traditional-chinese-dragon-in-rainbow-colors_stretched-canvas



FUTURE WATER DEMANDS 
WESTWARD EXPANSION

The Chinese government plans to create economic growth, generate jobs, ensure internal stability, and secure 
Xinjiang as a core region on the Silk Road Economic Belt (SREB), proposed by the Belt and Road Initiative 
(BRI). However, China’s ambitious plans for westward expansion will demand enormous quantities of water.

FOOD SECURITY THREATENED

In 2020, water required for agriculture was 94.4% and industry 2.2% in Xinjiang. However, in an arid water 
scarce environment and declining water reserves, reduced water usage for agricultural irrigation is disastrous 
for future crop yields and food security.
The agricultural planting zone is mainly distributed in oases, which require irrigation for more than 90% 
of their crops. The crops primarily cultivated such as cotton, wheat and corn, are heavily reliant on seasonal 
irrigation. Surface water irrigation (rivers and lakes) accounts for almost 95% of the irrigated area. However, 
long-term excessive water use for agricultural irrigation has led to decreasing water for ecological systems.
The protection of the environment (especially water) and sustainable economic development are key 
government objectives.

MANAGEMENT SUGGESTIONS

Image: https://www.sentinelassam.com/north-east-india-news/tripura-news/water-crisis-in-hilly-areas-of- 
tripura-minister-to-v



SUSTAINABLE DEVELOPMENT 
GOALS (SDG) 

The United Nations Sustainable Development 
Goals (SDG) represent an ambitious blueprint to 
achieve a sustainable future for all people by 

2030.
There are 169 targets underlying the 17 SDG.

Meeting the SDG for water, requires an integrated 
approach to managing and allocating water 

resources, by involving all stakeholders.

As the world moved from the Millennium 
Development Goals to the Sustainable 
Development Goals (SDGs) in 2015, the global goals for water also moved beyond basic access to 
water and sanitation to addressing more difficult challenges, such as achieving:

• Universal access to safe water
• Improved sanitation
• Protection of water resources
• Ensuring sustainability of water use
These goals also aim to reach the poorest and most vulnerable, such as those people living in Xinjiang.

GOAL 6: SUSTAINABLE MANAGEMENT OF WATER AND SANITATION IN CHINA

SDG: China’s National Plan on Implementation of the 2030 Agenda for Sustainable Development https://www.
greengrowthknowledge.org/national-documents/chinas-national-plan-implementation-2030-agenda- sustainable-
development
ICT: China’s Progress Report on Implementation of the 2030 Agenda for Sustainable Development (2019) 
https://www.fmprc.gov.cn/mfa_eng/topics_665678/2030kcxfzyc/P020190924780823323749.pdf



LITERACY AND NUMERACY
ANAGRAMS
What do the following anagrams mean?
•	DVI
•	WF
•	CWF
•	VW
•	WSI

TRUE OR FALSE
Label true of false beside the following statements:
•	Xinjiang has an arid to semi-arid climate.
•	Droughts are a frequent occurrence in Xinjiang.
•	Northern Xinjiang is drier than Southern Xinjiang.
•	Fuyun County recorded the lowest temperature in Xinjiang.
•	About 93% of water is sourced in South Xinjiang.
•	Winter floods occur in Xinjiang.
•	Meteorological drought will likely increase as global warming continues in Xinjiang.
•	Urumqi is the capital of Xinjiang.
•	Water shortages date back to 2nd Century BC in the Tarim River Basin.
•	Only three freshwater lakes exist out of 139 lakes in Xinjiang.

ICT
Refer to the unit of work and the internet for the following definitions
Connect the word in Column A with its meaning in Column B

Column A Column B
Diurnal range in temperature a) Precipitation and evaporation
Virtual water b) Cold semi-arid steppe climate
Green water c) Volume of water required for production of a product
Blue water d) Difference in temperature each day
Water cycle flows e) Precipitation on land. Stored in soil.

Koppen BSk f) Fresh water drawn from surface water and 
groundwater.

NUMERACY
Refer to the climate graphs of Urumqi and Kashgar
•	Calculate the total annual precipitation.

•	Calculate the monthly temperature range. Refer to 
climate statistics of Turpan:
•	What is the total annual precipitation?
•	What is the yearly range of temperature?
Comparisons:
•	What location is the driest-Urumqi, Kashgar or Turpan?
•	Name the location you would label as the hottest.

https://pixabay.com/illustrations/alphabet-literacy-letters-
read-99374/

https://pixabay.com/illustrations/pay-digit-number-fill-
count-mass-2446667/



LITERACY AND NUMERACY
CARTOON: STAKEHOLDERS

•	Describe the competing demands for 
scarce water in Xinjiang- Domestic, 
Agriculture, Industry and Energy.

•	List your prefered water priorities and 
the reasons for theirselection.

Cartoon: https://www.iss.nl › file-download › download
› public

TABLE: SHARE OF WATER CONSUMPTION

Agriculture Industry Services Domestic
Beijing 46% 15% 17% 22%

Shanghai 31% 43% 9% 18%
Xinjiang 98% 1% 0% 1%

•	Draw a bar graph illustrating the information in thetable.
•	Calculate the differences between Beijing and Xinjiang. Analyse the reasons for 

thedifferences.

WATER FLOWS

Water-scarce north and western 
areas in China predominantly 
export water- intensive goods, 
while water-abundant southern 
areas import water-intensive 
goods.
•	Describe virtualwater.
•	List the virtual water flows 

(goods) from Xinjiang to 
other parts ofChina.

•	Discuss the impacts of 
virtual water on water 
scarcity inXinjiang.

Map: https://ars.els-cdn.
com/content/image/1-s2.0-
S0043135419300697-fx1_lrg.jpg



LITERACY AND NUMERACY
WATER STRESS

The Water stress index (WSI) is defined as the relationship between total water use and water 
availability. The closer water use is to water supply, the more likely stress will occur.
https://indicators.ucdavis.edu/water/indicators/water-stress-index

Graph: Relationship between Net Virtual Water Importer and Water Stress Index (WSI) for 
China’s Provinces.
•	List seven provinces with extreme 

water stress in China.
•	List two provinces with extreme water 

stress and minus net virtual imports 
(This means that virtual water exports 
are larger than virtual water imports).

•	Xinjiang, Beijing and Shanghai are all 
classified as possessing an extremely 
high Water Stress Index (WSI).

· Which region is a major 
exporter of virtual water?

· List the two regions that are 
major importers of virtual 
water. Explain the cartoon in relation 
to water stress in Xinjiang - past, 
present and future

•	 Analyse the cartoon in relation to water stress in 
Xinjiang- past, present and future.

Graph:https://www.researchgate.net/figure/Relationship-
between-net-virtual-water-import-and-water-stress-index-for-
Chinas_fig5_324074700
Cartoon:https://knowledge.unccd.int/publications/raising-
awareness-around-critical-water-issues-using-humor-twist-
water-cartoon



SUSTAINABLE DEVELOPMENT GOALS (SDGS) 
XINJIANG

SDG6: ENSURE ACCESS TO WATER AND SANITATION FOR ALL.
Access to clean water is under threat in Xinjiang due to pollution, overuse and climate change.

The 17 SDG are integrated. This means that an action in one SDG will affect other SDGs. Explain the 
SDG links to water in Xinjiang in the following table.



SUSTAINABLE DEVELOPMENT GOALS (SDGS) 
XINJIANG

LITERACY
List eight SDG that are related to the 
water cycle in Xinjiang.

Water Cycle and Sustainable Development 
Goals (SDG).
https://www.unescap.org/sites/default/files/publications/
Integrated%20Approaches%20for%20SDG%20Planning3.

pdf

LITERACY AND ICT
Refer to previous unit on Water-
Landscapes and Landforms.
In groups select four SDG and discuss their relationship to lakes and reservoirs in Xinjiang.
Present investigation with annotated photographs of lakes and reservoirs in Xinjiang.
ICT: https://www.researchgate.net/figure/Area-and-distribution-of-lakes-and-reservoirs-in-Xinjiang-China_fig1_319497563

Image: https://www.mdpi.com/2073-4441/11/7/1462



LITERACY AND NUMERACY
SUSTAINABLE DEVELOPMENT GOALS (SDG) CHINA
ICT
•	Sustainable Development Report2020

https://s3.amazonaws.com/sustainabledevelopment.report/2020/2020_sustainable_development_report.pdf
•	How China is implementing the 2030 Agenda for Sustainable Development https://oecd-development-matters.

org/2020/02/28/how-china-is-implementing-the-2030-agenda-for-sustainable-development/

In 2020, out of a possible 166 countries: China’s 
SDG ranked 48th with a score of 73.9

Australia’s SDG ranked 37thwith a score of 74.9

Refer to the tables and graph and present an 
overview of China’s progress towards the SDG, 
especially in relation to water.

•	Challenges
•	Trends
•	Average Performance

Images-tables and graphs China

 

https://s3.amazonaws.com/sustainabledevelopment.report/2020/2020_sustainable_development_report.pdf



SUSTAINABLE DEVELOPMENT GOALS 
WATER AND COVID 19-XINJIANG 

ICT
· COVID-19 and Water Resources Management: Reframing our priorities as a water sector https://waterpartnership.org.au/covid-19-and-water-

resources-management-reframing-our-priorities-as-a-water-sector/
· Impacts of COVID-19 on water resources https://www.researchgate.net/post/What_will_be_the_impact_of_COVID-19_on_water_

resources

The demand for clean water increased 
dramatically during the COVID-19 
pandemic-people constantly washing 
hands as well as cleaning industrial, retail, 
transport and domestic sites.
However, where did medical wastes and 
face masks finally end? Many found their 
way into water!

Questions
· Pandemics have direct and indirect 

impacts on water resources. Describe 
their impacts.

· Discuss how water resource managers 
during the COVID-19 pandemic 
need to reframe their priorities in the 
watersector.

· Refer to the diagram. Describe the 
connections between COVID-19 and 
increased stress on water relatedSDG.

· ‘Covid-19 outbreak in Xinjiang spreads 
to second Chinesecity,
20 July 2020.’ https://www.theguardian.com/
world/2020/jul/20/covid-19-outbreak-in-xinjiang-
spreads-to-second-chinese-city.Discuss the 
problems determining the extent of the 
pandemic in Xinjiang, and its relation 
to scarce water resources.

Diagram: COVID image: https://devpolicy.org/
wp-content/uploads/2020/06/Figure-1_COVID-19-
impacts-and-the- SDGs_Source-UNDESA.png
Image: https://flandersvaccine.be/covid-19-human-
challenge-trials-what-will-be-the-regulatory-
considerations/



LITERACY-EXTENDED RESPONSES 
Discuss how Xinjiang’s fragile arid and semi-arid environments are facing increasing 
human interactions that have caused a further decline in scarce water resources.

SCAFFOLD
Where is Xinjiang?
What is meant by a fragile environment?
•	Climate of Xinjiang-both North and South.
•	Scarce water resources
•	Water StressIndex

What are the pressures on scarce water 
resources?
•	Populationgrowth
•	Human interactions-agriculture, industry, 

mining, energy andurbanisation
•	Climatechange

What are the results of these pressures?
•	Decline of Karez, rivers, lakes and 

groundwater.
•	Deterioratingecosystems.

Image: http://naprecis.com/2017/08/21/water-facts-figures-steps-well-owners-
can-take-drought/

Water is a critical natural and economic resource. Discuss how the government is managing this 
scarce resource, to retain water consumption at a sustainable level in Xinjiang.

“Xinjiang launched a three-year-long 
campaign to improve the environment of 
rivers and lakes.
Zhang Jian, an official with the regional 
water resources department, said Xinjiang 
has shut down 107 illegal sand mining 
factories, removed garbage dumps around 
five reservoirs and dealt with other 1,282 
problems which posed threats to the 
environment of the lakes and rivers.
Inthefollowingthreeyears,Xinjiangwillfocus 
on solving the problems of overexploitation 
of water resources of rivers and lakes, 
encroachment on the shoreline of rivers and 
lakes and illegal discharge to significantly 
improve the appearance of rivers and lakes 
in the region, according to a government 
document.”

http://www.chinadaily.com.cn/a/201908/28/
WS5d66193aa310cf3e35568575.html



LITERACY-EXTENDED RESPONSES
FACTORS CONTRIBUTING TO WATER SCARCITY 

IN XINJIANG

In four groups investigate the following factors that contribute to water scarcity in Xinjiang.

Report your investigation as an oral presentation supported by maps, graphs, statistics, YouTube, web 
links and photographs.



WORLD’S LONGEST TUNNEL
ICT/YOUTUBE

•	http://tibet-edd.blogspot.com/2018/05/tibet-to-xinjiang-water-diversion-plan.html
•	https://theprint.in/defence/modi-xi-agree-on-sharing-water-data-on-brahmaputra-satellites-show-why-it-is- 

impossible/68404/
•	https://www.scmp.com/news/china/society/article/2116750/chinese-engineers-plan-1000km-tunnel-make- xinjiang-

desert-bloom
•	https://www.orfonline.org/research/the-brahmaputra-conundrum/
•	China blocks Brahmaputra tributary https://www.youtube.com/watch?v=JaG8BuQnwF0
•	China ‘Trying to Block’ Brahmaputra Tributary https://www.youtube.com/watch?v=z9wPAoPRueo
•	China plans mega water diversion project https://www.youtube.com/watch?v=Nhhb6L4sqwk
•	China’s planning a 1,000km tunnel to divert water away from one of India’s largest  rivers https://

www.youtube.com/watch?v=vzWhXaxDKq8

Chinese engineers are testing techniques that could 
be used to build a 1,000km tunnel to transfer water 
from the Yarlung Tsangpo River in Tibet to the 
Taklimakan Desert in Xinjiang.
The Yarlung Tsangpo River is the upper stream of 
the large Brahmaputra River, originating at Angsi 
Glacier.
• Refer to the Web links and YouTube and 

describe the 1,000km tunnel from Tibet 
to Xinjiang’s desert. List the problems and 
possible conflicts.

• The construction and maintenance costs 
of the tunnel ensures the scheme is not 
feasible. Explain this statement.

Article: https://timesofindia.indiatimes.com/world/china/china-plans-to-divert-brahmaputra-waters-to-its-xinjiang-region-through-1000-km-long- tunnel/
articleshow/61346091.cms
Image: An aerial view of the Yarlung Tsangpo River https://www.scmp.com/news/china/society/article/2116750/chinese-engineers-plan-1000km- tunnel-
make-xinjiang-desert-bloomn Tibet.

ICT ACTIVITIES  
CRITICAL AND CREATIVE THINKING

TIBET TO XINJIANG WATER DIVERSION PLAN



ICT ACTIVITIES 
• Describe the climate of Xinjiang. Compare the climate with your local area.
• https://en.climate-data.org/asia/china/liaoning/xinjiang-985781/. Explain the 

different climates in Xinjiang.
• List the new water projects planned in Xinjiang. Discuss whether 

they are sustainable.http://www.chinadaily.com.cn/a/201902/19/
WS5c6b5bb7a3106c65c34ea061.html

• Explain the huge hidden ocean under Xinjiang’s Tarim 
Basin and why it may not be a useful source ofwater.

• https://www.scmp.com/tech/science-research/
article/1845192/huge-hidden-ocean-under-xinjiangs-
tarim-basin-larger-all-great

• Discuss Xinjiang’s drinking water project for 
impoverished residents and how it will improve human 
wellbeing.http://www.xinhuanet.com/english/2019-
05/08/c_138043279.htm

• Evaluate cotton production under limited water resources 
in arid Xinjiang.

• http://www.world-agriculture.net/article/evaluation-of-cotton-
production-under-limited-water-resources-in-the-arid-
region-of-xinjiang-china

• WaterFootprint.
•	Define the Water Footprint.
•	Compare the size of the Water Footprint in China 

withXinjiang.
•	Describe the Water Footprint ofcotton.

https://waterfootprint.org/en/water-footprint/what-is-
water-footprint/

• VirtualWater.
•	Define VirtualWater
•	List the advantages and disadvantages of the 

Virtual Water Trade from water scarce Xinjiang to 
water abundant regions in China.

https://waterfootprint.org/media/downloads/Report69.pdf
• Communicate the extent and problems of arsenic 

contamination inwater resources in Xinjiang as a two column 
table.https://pubmed.ncbi.nlm.nih.gov/25983049/

• Discuss the problems facing the fishing industry in Xinjiang and 
the impacts of declining water quantity and deteriorating water 
quality. Present as a media report.http://www.fao.org/3/y5082e0c.htm

• Explain how Xinjiang has improved its waterquality.
•	Across China: From dirty to clean: a tale of Xinjiangdrinking 

water http://www.xinhuanet.com//english/2017-
07/11/c_136434727.htm

•	Farewell to “sour” life: Cleaner water for arid Xinjianghttp://www.
xinhuanet.com/english/2020-07/04/c_139188358.htm

YouTube
• Water quality in Xinjiang reaches four-year best in 2017 https://www.youtube.com/watch?v=CC7Kgx25nxQ
• Huge Hidden Ocean Found Under Chinahttps://www.youtube.com/watch?v=7xybWEAxcrg
• Uyghur KarezDocumentary https://www.youtube.com/watch?v=gwwOyDctkB

Image: Dragon https://society6.com/product/traditional-chinese-dragon-in-rainbow-colors_stretched-canvas


