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The frozen parts of the planet,are subject to temperatures 
below 0 C for at least part of the year



Spatial distribution

Â Glacier (Antarctic Ice Sheet, Greenland Ice Sheet and Ice cap): 10% of the land area

Â Frozen soil (Seasonally frozen soil and Permafrost): 2/3and 1/4 of the land area

Â Snow cover: 30% of the land area in January

ÂSea ice: 7% of the ocean area
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Cryosphere in ChinaCryosphere

NumberЕ48571

AreaЕ51766km2

Ice storage:  4500

billion m 3   

        

Snow coverGlacier

Permafrost

Seasonally frozen ground

Frozen ground

AreaЕPermafrost

2.2 million km2  

Ground ice storageЕ

9500 billion m3

 

Area: Stable snow cover

4.2 million km2

Equivalent waterЕ75 

billion m 3



0Ņ 0Ņ
albedo

soilτ 10% waterτ 30%

pure snowτ 90% 
Energy in phase change

80 cal/g liquid-solid

597 cal/g liquid-vapor

Ice-covered ocean Ice-free ocean

/ǊȅƻǎǇƘŜǊŜΩǎ ǊƻƭŜ Ǝƭƻōŀƭƭȅ τ albedo and energy 



SLCЃ1993-2003 AR4

Observed 3.1 mm/yr, 

Cryosphere 1.1 mm/yr

IPCC AR4

IPCC AR5

/ǊȅƻǎǇƘŜǊŜΩǎ ǊƻƭŜ Ǝƭƻōŀƭƭȅ τsea level, ocean circulation



Permafrost         1672 Pg C 1.67 ³1012 ton C

(projection: future 200a, 2/3 permaf. thawing, 1.9³1011T C emissioon)

Active layer

Permafrost

Thawing of 
permafrost

Emission of Carbon

Increasing of atmospheric 
carbon

Global warming

Global soil (1m)            1500 Pg C
atmosphere 777 Pg C
Land vegetation 650 Pg C

/ǊȅƻǎǇƘŜǊŜΩǎ ǊƻƭŜ Ǝƭƻōŀƭƭȅ τ carbon cycle



Cyosphere Services

Provisioning services:
Water resource, irrigation, 
energy from hydropower, and 
information (e.g. ice core). 

Regulating services:
Water availability, ecosystem 
stability and carbon 
sequestration. 

Supporting services:
Habitat such as biodiversity 
and migration routes for 
people and animals.

Cultural services:
Recreational and human 
wellbeing, religious, spiritual 
services, aesthetics, tourism.
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International Background

Cryosheric Science

Focus onDynamic of cryospheric  
changes, their impacts and 
adaptation, cryospheric service 
and sustainable development

Cryospheric Science
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Cryospheric Science in International Organizations



Developing Process of Cryospheric Science in China

Cryosphere science has become a scientific system combining natural science and sustainable 

socioeconomic development

1920s-1940s

1950s-1960s

Influence and Adaptation 
of Cryosphere
Service function of 
Cryopshere

Cryospheric Changes and their 
Influence on Water Resources
Influence and Adaptation of 
Cryosphere

Embryo of Glaciology and geocryology in China: investigations of geology, geography, meteorology, hydrology

1980s

2016

Modern glacier investigation, Glaciology and Geocryology at Universities,Lanzhou Institute of 
Glaciology and Geocryology (CAS),Tienshan Station

2007

2003-2005

Investigation and research in the Antarctic of China,Changcheng and 
Zhongshan Station, sea ice dynamics in Dalian University of Technology, 
Golmud frozen soil station, SKLFSE (CAS)

SKLCS (CAS),
Taishan Station

Key Laboratory of Cryosphere and Environment,
Huanghe Stationin the Arctic, Institute of 
Tibetan Plateau Research (CAS)

1991-1997 Key Laboratory of Ice Core and Cold Region Environment

1970s
Glaciology and Geocryology at Lanzhou University,snow research at Xinjiang Institute of 

Ecology and Geography (CAS)

Expanding research team
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Cryospheric Changes and their 
Influence on Water Resources
Influence and Adaptation of 
Cryosphere

Research on 
Cryospheric 
Components

Ice core,Modern 
Processes in Snow 
and Ice, Frozen Soil 
Engineering

Research on Cryospheric 
Components

Introduction to 
Cryospheric 
Science

Research on 
Cryospheric 
Components

Research on 
Cryospheric 
Components

Ice core,Modern 
Processes in Snow 
and Ice, Frozen Soil 
Engineering

Ice core,Modern 
Processes in Snow 
and Ice, Frozen Soil 
Engineering



Schematic Treeof Cryospheric Science

(Qin et al., 2017, NSR)



Disciplinary Structure (system) of Cryospheric Science

(Qin et al., 2017, NSR)



Relationship between the cryosphere and sustainable development

(Qin et al., 2017, NSR)



The Frontiers of Cryospheric Science

(Qin et al., 2017, NSR)
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13Volumes will be 

published during 2018-2019

Published

Preparing

¸ Compiling a series of books on Cryospheric Science



Field observation stations

   17 comprehensive stations

    18observed sites

The cryosphere observation network in China
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The total increase between the average of the 1850ҍ1900 and the 2001ҍ2020 
period is 0.99ᴈ. The total increase between the average of the 1850ҍ1900 
and the 2011ҍ2020 period is 1.09ᴈ. (IPCC, 2021)



Global and regional 
glacier mass change 
rate between 1960 and 
2019

(IPCC, 2021)



Greenland ice sheet 
34 ώҍ6 - 74] Gt/yr       1992ς2001
215 [157 - 274] Gt/yr 2002ς2009
278 ¤ 11 Gt/yr          2006ς2015
243 [197 - 290] Gt/yr 2010ς2019

Antarctic ice sheet
30 ώҍ37 - 97] Gt/yr   1992ς2001
147[72 - 221] Gt/yr  2002ς2011
155 ¤ 19 Gt/yr        2006ς2015
148 [94 - 202] Gt/yr 2010ς2016

Greenland and Antarctic ice sheets have been losing mass

(IPCC, 2021)



ÅThe sea-ice area has decreased from 1979 to the present every month of the year.

ÅThe absolute and relative ice losses are highest in late summer-early autumn.

ÅAveraged over the decade 2010-2019, the monthly average Arctic sea-ice area in 
August, September and October has been around 2 million km2 (about 25%), 
smaller than that during 1979-1988.

Arctic sea ice area has decreased since 1979

Absolute anomaly of monthly-mean Arctic sea-ice area during the period 1979 to 2018 
relative to the period of 1979-2008

(IPCC, 2021)



Antarctic sea ice area has no trend since 1979

For Antarctic sea ice, regionally opposing trends and large 
interannual variability resulted in no significant trend in 
satellite-observed sea ice area from 1979 to 2020 in both 
winter and summer. However, it  decreases sharply in 2023.

(IPCC, 2021)



There are negative NH SCE trends in all months between 
1981 and 2018, exceeding -50  103 km2 yr-1 in November, 
December, March and May. 

Observed monthly northern hemisphere snow cover changes

(IPCC, 2021)



Global mean sea level has risen by 0.19 m (1901-2010)

1901-2010    1.7 [1.5 to 1.9] mm/yr

1971-2010    2.0 [1.7 to 2.3] mm/yr

1993-2010    3.2 [2.8 to 3.6] mm/yr

1971-2018    2.3 [1.6 to 3.1] mm/yr

2006-2018    3.7 [3.2 to 4.2] mm/yr

(IPCC, 2013)

Observed changes in global mean 
sea level components for 1971-2015

(IPCC, 2021)



Rapid  shrinking

Å South  and  east  of  TP

Å Tanshan  and  Altai

Guo et al., 2015 JOG

Glacier number: 48571

Aeraσ51,766 km 2

Volume:  4,500 km 3 

Mean annual glacier area change rate (%/year) during the last decades

Wang et al., 2019



Zhang & Kang* et al., 2021 ESR

In -situ observed glacier mass balance changes



Average  glacier  mass  balance  before  and  after  2000

Observed glacier mass balance changes

Average  glacier  mass  balance  by  RS since  2000

Wang et al., 2019 Yao et al., 2022

Since 2000, a total glacier mass loss is Ɇ19.0°2.5Gt a -1



Permafrost changes in the Third Pole

The spatial distribution of the permafrost area in the Third Pole 

region for the period of 2000ï2016 (Ran et al., 2021).

The area statistics of the permafrost types over the Third 

Pole in the past 50 years (Ö104 km2).

Ran et al. (2018)

Å The total area of permafrost in the Third 

Pole for the period of 2000ï2016 is 

approximately 159.70Ó104 km2;

Å The total permafrost area has decreased 

significantly from 1960s to 2000s at a 

rate of approximately 9.52Ó104 km2 per 

decade.



The activity layer thickness and air temperature anomaly in the 

permafrost region along the Qinghai-Tibet Highway through the 

time period 1981 to 2021

Å The active layer thickness  

was thickened (1.96 cm/a)

Å The average air temperature 

showed a significant warming 

trend (0.61ᴈ/10a)

Permafrost changes in the Third Pole



Permafrost temperature 

The relationship between warming rate and multiyear mean ground temperature 

during the observation period from the (a) active layer monitoring site and the (b) 

borehole site.

Å The ground 

temperature showed 

significant linearly 

increasing trends, and 

the permafrost has 

warmed at different 

rates

Å The warming rates at a 

depth of 10 m ranged 

from 0.02 Cʐ per decade 

to 0.78 Cʐ per decade 

but varied between 0Cʐ 

per decade and 0.24 Cʐ 

per decade at a depth 

of 20 m. 

Permafrost changes in the Third Pole



Permafrost degradation

The warming of permafrost and 

deepening of the active layer in 

ice-rich permafrost regions of the 

Third Pole have resulted in 

widespread thermokarst 

formation that includes thaw 

slumps and thermokarst lakes.

Permafrost changes in the Third Pole



Thaw Slumps

Li et al. (2022)

Frequency distribution of active Retrogressive thaw slumps 

(RTSs) on the QinghaiïTibet Plateau

Å In total, 2669 active retrogressive thaw 

slumps (RTSs) were identified in the 

permafrost regions of the QTP between 

2018 and 2020;

Å The number of RTSs increased and 

RTSs covered a wider surface area from 

2008 to 2021. The increases mainly 

occurred in 2010 and 2016.

Changes in the number of Retrogressive 

thaw slumps (RTSs) from 2008 to 2021

Permafrost changes in the Third Pole



Thermokarst Lakes 

Geospatial distribution of thaw lakes on the Third Pole permafrost regions

Number and area of thermokarst lakes in the Third Pole, 1980sï2020.

Å The number of thermokarst lakes 

continued to increase from the 1980s to 

2010, but showed a slight downward 

trend from 2010 to 2020

Å From the 1980s to 1990, the area of the 

lakes decreased from 932.5 km2 to 799.25 

km2, and in 2010, the area of the lakes 

had increased to a peak of 1871.94 km2, 

more than double the area in the 1980s

Å From 2010 to 2015, the area of the lakes 

decreased to 1511.12 km2 and then 

increased to 1703.56 km2 in 2020

Wei et al. (2021)

Li et al. (2022)

Permafrost changes in the Third Pole


