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1 Earth system

Four Spheres

Atmosphere

Hydrosphere

biosphere

Lithosphere

Atmosphere Hydrosphere Biosphere Lithosphere



1 Cryosphere

Climate systemЕ

ClimateЕThe average state of atmospheric elements over 

a period of time
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Climate systemЕAtmosphere, hydrosphere, biosphere and 

lithosphere,cryosphere

Solid water+LowTemperature



1 Cryosphere science

Atmosphere

Monitoring, Process, 

Mechanism,Change
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Cryosphere

Atmosphere-Cryosphere 
mutual feedback 

mechanism

The key research objectives of 

cryospheric science include the 

formation, dynamic process, 

changes and monitoring of the 

cryosphere. Cryospheric 

changes interact with other 

spheres̆  such as hydrosphere, 

biosphere, lithosphere and 

anthroposphere.

Such as sea level rising due to 

ice melt water; pioneer plant in 

glacier shrinkage.



1 Cryospheric components

Cryosphere: the sphere 

with certain thickness 

and temperature below 0 

oC on the Earth. 

Glacier Ice sheet Snow River and lake ice

Permafrost Undersea permafrost Sea ice Iceberg Ice shelf

Icy rain Atmosperic ice crystalGlaze Snowfall V Marine cryosphere

V Continental cryosphere

V Aerial cryosphere



1 Cryosphere

Hock et al., 2019

Most of permafrost in Tibetan 
and Mongolia , Then in Alaska 
and Canada



Gardner et al., 2013, Science
Ding et al., 2019, Science bulletin
David et al., 2023, science

1 Glacier shrinkage

Glaciers are affected by temperatures rising and the instability of 
glaciers increases due to glacier retreat.



Changes in Glacier No. 1 at the headwater of Urumuqi river in Tienshan

1 Glacier shrinkage in Urumuqi River

disinteegrate



1 Glacier mass balance from WGMS

Location of observed glaciers for 

which data is available from the 

World Glacier Monitoring 

Service(WGMS)

Annual mean mass balance variation since 

1960 at global scale



1 Greenland and Antarctic ice sheets have been losing mass

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

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

(IPCC,2021)



1Observed Increasing in ground temperature of permafrost

Hock et al., 2019

GTs at 6-m-deep and the change rates along the Qinghai-

Tibetan Highway



1Permafrost degradation
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There are several 

profiles to show sea 

ice, snow cover, 

glacier and 

permafrost changes. 

They have a 

common 

characteristic, that is, 

after 1970, they all 

retreated in some 

degree.
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2 Cryospheric hazards

Ice 

collapse

Frost

Hailstone

Snow hazard/avalanche
Glacial 

surging Sea ice

iceberg

Glacial 

Floods

Glacial 

debris flow
Snow 

drift

Ocean
Atmos

phere
Land

Cryospheric

hazards

coastal erosion

Sea level 

rising

snowstorm
GLOFIce run

Freeze 

thawing



2 Cryospheric hazards-Temporal and spatial scales



2 Cryospheric hazards

Å Land hazardsЕAvalanche, ice collapse, glacier surging, GLOF, 

thaw slumping

Å Atmosphere hazardsЕPastoral snow avalanche



2 Cryospheric hazards

February 7, 2021: 

Massive floods caused 

by an ice collapse in 

northern India kill more 

than 100.



2 Cryospheric hazards

Ice collapse in Tianhan



2 Cryospheric hazards

Red: ice collapse in 

2016

Green:in2019

Yellow: tongue in 

2022

Ice collapse and GLOF in Anymaqin, 2022



2 Cryospheric hazards

ÅRetrogressive thaw slumps

G214 Wenquanin 2018 Railway fenghuoshan 2018

Honglianghein 2018K3035 in Tibet plateau road 2019Isolated hill in bailuhe, 2019

K3035 in Tibet plateau road 2011
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3 Snow Hazards

Snow avalanche

Snow drift

Snowmelt flood Snow disaster in pasturing area 



Snow Hazards distribution across China

Snowmelt flood, snow 

avalanche, snow drift, snow 

disaster in pasturing area

Snow drift, snow 

disaster in pasturing 

area

Snow avalanche, snow 

drift, snow disaster in 

pasturing area

Snow drift, agriculture, 

transportation

(Zhong et al., 2021)



3 Several Case study

üSnow avalanche

üSnow disaster in pasturing area

ü Ice collapse

ü Glacier surging

ü GLOF

ü Thaw slumping Avalanche in Mount Manaslu, Nepal,20220927

In January 2020, avalanches in Pakistan-

administered Kashmir killed at least 76 

people and injured 53 others



3.1 Snow avalanche

¸Snow avalanchesare snow massesthat rapidly descendsteepslopes,its formation is the complex interaction
betweenterrain, snowpackand meteorologicalconditions (Schweizeret al., 2003).

¸The contributory factors are terrain, new snow, wind, temperature, snow cover stratigraphy and selected
snowproperties (Schweizeret al., 2003).

¸A human-triggered avalancheoccurswhen the snowis at a critical balancebetweenstrength and strain.

(http://ffden-2.phys.uaf.edu/211_fall2004.web.dir/tamar_young2/page4forcesonthesnowpack.html)



3.1 Snow Avalanche in Tienshan(Li lanhai)

Avalanche casualties during 2009-2019 in Asia



Temporal distribution of Snow Avalanche

First

Second



Inducing factors and condition

10,Feb. M5.1 earthquake
d=120km

Heavy snow fall 
in 10, Dec̆

SF=35cm
Persistent snowfall 
between 17-21, Jan

SF=22cm Blizzard in 2 
Mar. 

SF=50cm

T rise

T rose fastlyin a 
short time

Daily T

Snow Depth
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Avalanche types

Full layer dry avalanche(FDA) Surface dry  avalanche(SDA) Surface wet avalanche) Full wet avalanche(FWA)

Jan. 1 Mar. 10Feb.21Nov. 1



Avalanche observation

AWS

Avalanche

Avalanche 

tower

AWS




