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1 Earth system

Four Spheres
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1 Cryosphere

Climate systeria

ClimateE The average state of atmospheric elements over
a period of time

Climate systerda Atmosphere, hydrosphere, biosphere and
lithosphere;ryosphere




1 Cryosphere science
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1 Cryospheric components

¥
)é/.":'; ;"{'.-“ o)
ICEiSheet i "

Cryosphere: the sphere
with certain thickness
and temperature below 0
°C on the Earth.

V Marine cryosphere

Atmosperic ice crystal

V Continental cryosphere

V Aerial cryosphere




1 Cryosphere

Most of permafrost in Tibetan
and Mongolia , Then in Alaska
and Canada
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Figure 2.1 | Distribution of mountain areas (orange shading) and glaciers (blue) as well as regional summary statistics for glaciers and permafrost in
mountains. Mountains are distinguished based on a ruggedness index (>3.5), a logarithmically scaled measure of relative relief (Gruber, 2012). Eleven distinct regions with
glaciers, generally corresponding to the primary regions in the Randolph Glacier Inventory, RGI v6.0 (RGI Consortium, 2017) are outlined, although some cryosphere related
impacts presented in this chapter may go beyond these regions. Region names correspond to those in the RGI. Diamonds represent regional glacier area (RGI 6.0) and circles
the permafrost area in all mountains within each region boundary (Obu et al., 2019). Histograms for each region show glacier and permafrost area in 200 m elevation bins as
a percentage of total regional glacier/permafrost area, respectively. Also shown is the median elevation of the annual mean 0°C free-atmosphere isotherm calculated from the
ERA-5 re-analysis of the European Centre for Medium Range Weather Forecasts over each region’s mountain area for the period 2006—2015, with 25-75% quantiles in grey.
The annual 0°C isotherm elevation roughly separates the areas where precipitation predominantly falls as snow and rain. Areas above and below this elevation are loosely
referred to as high and low elevations, respectively, in this chapter.

Hock et al., 201



1 Glacier shrinkage
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1 Glacier shrinkage inUrumugi River

Changes in Glacier No. 1 at the headwater afrumuqi river in Tienshan
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1 Glacier mass balance from WGMS
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1 Greenland and Antarctic ice sheets have been losing mas
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10bserved Increasing In ground temperature of permafrost
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Figure 2.5: Mean annual ground temperature from boreholes in debris and bedrock in the European Alps, Scandinavia : .
and High-Mountain Asia. Temperatures differ between locations and warming trends can be interspersed by short GTS at 6- m -d ee p an d t h ec h an g e rat €s al on g th € QI n g h al-
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omitted (Noetzli et al., 2018).
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1Permafrost degradation
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2 Cryospheric hazards
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2 Cryospheric hazardsTemporal and spatial scales
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2 Cryospheric hazards

A Land hazards Avalanche, ice collapse, glacier surging, GLOF,

thaw slumping

A Atmosphere hazar8sPastoral snow avalanche



2 Cryospheric hazards

j*"" Shocking visuals: Glacier breaks in" -

vUttarakhand s Chamoli, several feared dead

- N

February 7, 2021.
Massive floods caused
by an ice collapse Iin
northern India kill more
than 100.



2 Cryospheric hazards




2 Cryospheric hazards

Ice collapse and GLOF #inymagqin 2022

Red: ice collapse in
2016

Green:in2019
Yellow: tongue in
2022




2 Cryospheric hazards

A Retrogressive thaw slumps
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3 Snow Hazards

Snow avalanche

Snowmelt flood Snow disaster in pasturing area



Snow Hazards distribution across China
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3 Several Case study

U Snow avalanche

U Snow disaster in pasturing area
U Ice collapse

U Glacier surging

U GLOF

U Thaw slumping Avalanche in MounManasly Nepal,20220927

In January 2020, avalanches in Pakistan
administered Kashmir killed at least 76
people and injured 53 others



3.1 Snow avalanche

X ¢ + &
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(http://ffden-2.physuafedul1l fall2004webdir/tamar_young/pagelforcesonthesnowpaditml)

Snow avalanchesare snow masseghat rapidly descendsteepslopes,its formation is the complexinteraction
betweenterrain, snowpackand meteorologicalconditions (Schweizeret al., 2003.

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

5

A human-triggered avalancheoccurswhenthe snowis at a critical balancebetweenstrength and strain.



3.1 Snow Avalanche infienshan(Li lanhai)
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Temporal distribution of Snow Avalanche
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Inducing factors and condition
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Heavy snow fall short time
in 10, Dec Persistent snowfall

SF=35cm between 1721, Jan
SF=22cm Blizzard in 2
Mar.
SF=50cm

180 — — DailyT =

7R —— Snow Depth

160 — —

150 —
. 140 ——\/\/
E 130 -
O 120 —
5 110 —
Q. 100 —
S sa
(‘,:) 60 —

50 —

40 —

30 —

20 —

10 —

0O —
o S & S < S > > > ) > > ) > o
> AN NN P XV x> N N o NN 4 U Q> ) Yo NN XV
& &P P 4P g g 48 48 & & & & &8 0 @ & &

Date(Y/M/D)



Avalanche types

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

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

5% 6.5% 16.7%
25.8%
90% 67.7% 83.3%
1 1 1

Nov 1 Jan 1 Feb 20 Mar 10 Apr 1




Avalanche observation
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