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Cryosphere Spatial distribution
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A Glacier (Antarctic Ice Sheet, Greenland Ice Sheet and Ice cap): 10% of the land are:
A Frozen soil(Seasonally frozen soil and Permafrost): 2/@nd 1/4 of the land area
A Snow cover 30% of the land area in January

J (IPCC AR5, 2013)
A Sea ice 7% of the ocean area



Cryosphere

Cryosphere in China
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Permafrost 1672 Pg C 1.67 31072 ton C

(projection: future 200a, 2/3 permaf. thawing, 1.93 10T C emissioon)

Global soil (1m) 1500 Pg C
atmosphere 777 Pg C
Land vegetation 650 Pg C
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CyosphereServices
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Provisioning services:
Waterresource irrigation,
energy from hydropower, and
information (e.g. ice core).

Regulating services:

Water availability, ecosystem
stability and carbon
seguestration.

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

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




Cryospheric Science International Background,
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CryosphericsScience in International Organizations

|; IAMAS| IAPSO
Ngryosphergg meteorology » 0ceanograph

CliC
cryosphere
(based on lan Allison)

oceanography




Developing Processf CryosphericScience in China

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

socioeconomic development
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Influence on Water Resources of Cryosphere
Influence and Adaptation of Service function of 2016
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20032005 Huanghe&Stationin the Arctic, Institute of

Tibetan Plateau Research (CAS)

19911997

Key Laboratory of Ice Core and Cold Region Environme

Investigation and research in the Antarctic of Chidhangchengnd

Researchon Cryospheric
Components

Extending scientific framework

Zhongshan Station, sea ice dynamics in Dalian University of Technology,
Golmudfrozen soil station, SKLFSE (CAS)

Glaciology and Geocryology at Lanzhou Univessigyw research at Xinjiang Institute of
Ecology and Geography (CAS)

1950519605 Modern glacier investigation, Glaciology and Geocryology at Universiiaghou Institute of
Glaciology and Geocryology (CA$nsharStation
1920s1940s Embryo of Glaciology and geocryology in China: investigations of geology, geography, meteorology, hyc

Expanding research team




Sustainability

Applied research

Applied basic
research

(Qin et al., 2017, NSR) JUNAR ) ISR 5] ER
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Global and regional cryosphere adaptation
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Relationship between the cryosphere and sustainable development
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Compiling a series of books on Cryospheric Science
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The cryosphere observation network in China
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A Development of Cryospheric Science

A Climate Change Drives the Development
of Cryospheric Science

A The Earth System Promotes Cryospheric
Science
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Observed global mean surface temperature change A P1.26°C (2020)
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Thetotal increasebetweenthe averageof the 185(:1900and the 200152020
period is 0.993 . Thetotal increasebetween the averageof the 1850:1900
andthe 20112020periodis 1.093 . (IPCC, 2021)



Mass change rate (kg m? yr')
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Zemp et al. (2019/20)
Ciraci et al. (2020)
— SROCC

———— Hugonnet et al. (2021)
Regional estimates'”

Global and regional
glacier mass change
rate between 1960 and
2019




Greenland and Antarctic ice sheets have been losing ma

~Greenland Mass Change Relative to 2015
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Arctic sea ice area has decreased since 1979

'Absolute anomaiy of monthlgnean Arctic se#éce area during the period 1979 to 2018
relative to the period of 1972008

Absolute anomaly of Arctic sea-ice area
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A The sedce area has decreased from 1979 to the present every month of the y
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A The absolute and relative ice losses are highest in late sumesaty autumn.

A Averaged over the decade 2012019, the monthly average Arctic seéee area in
August, September and October has been around 2 millior? kabout 25%),
smaller than that during 1974.988.



Antarctic sea ice area has no trend since 1979

Absolute anomaly of Antarctic sea-ice area
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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 decreasesharplyin 2023



Observed monthly northern hemisphere snow cover chang

a) NH Snow Cover b) NH Snow Cover
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There are negative NH SCEtrends in all months between
1981 and 2018 exceeding-50 10° km?yr?! in November,
DecemberMarch and May.



Global mean sea level has risen by 0.19 m (1:2010)
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Glacier number:; 48571
Aerao 51,766 km 2
Volume: 4,500 km 3
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Mean annual glacier area change rate (%l/year) during the last decades




In -situ observed glacier mass balance changes
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Annual glacier mass balance
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Observed glacier mass balance changes

Since 2000, a total glacier mass loss is F19.0° 2.5Gta !
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Average glacier mass balance before and after 2000 Average glacier mass balance by RS since 2000

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

NEIRSERIEREE



Permafrost changes in the Third Pole
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The spatial distribution of the permafrost area in the Third Pole
region for the period of 20001 2016 (Ran et al., 2021).
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A The total area of permafrost in the Third
Pole for the period of 2000i 2016 is
approximately 159.700104 k2mn

A The total permafrost area has decreased
significantly from 1960s to 2000s at a
rate of approximately 9.52010% kZ2nper
decade.

The area statistics of the permafrost types over the Third

Pole in the Qi®#sk®dm50 years
Net change

(1960s to 2000s)  Change rate
Permafrost Area Percent  (x10*km?
type (%) decade™ )
Very cold —-8.99 —-72.79 -2.09
Cold —-27.06 —70.12 —6.15
Cool —-9.30 -27.24 -2.14
Warm —1.18 —4.77 -0.29
Very warm 3.99 9.02 1.06
Likely thawing 0.90 4.34 0.09
Total area —41.66 —23.84 —-9.52

Ran et al. (2018)



Permafrost changes in the Third Pole
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permafrost region along the QinghaiTibet Highway through the
time period 1981 to 2021



Permafrost changes in the Third Pole

Permafrost temperature
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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.

A The ground

temperature showed
significant linearly
increasing trends, and
the permafrost has
warmed at different
rates

The warming rates at a
depth of 10 m
from 0.02*C per decade

to 0.78*C per decade

but wvaried?Cbet
per decade?*Cand
per decade at a depth

of 20 m.
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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.
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Permafrost changes in the Third Pole A In total, 2669 active retrogressive thaw
slumps (RTSs) were identified in the
Thaw Slumps permafrost regions of the QTP between

2018 and 2020;

1,600 T 900
(a) i mean: 1.44 ha mean: 0.6km
1,400 E count: 2669 ' count: 2669 .
1,200 n o A The number of RTSs increased and

RTSs covered a wider surface area from
2008 to 2021. The increases mainly
occurred in 2010 and 2016.
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Permafrost changes in the Third Pole

Thermokarst Lakes

A The number of thermokarst lakes
continued to increase from the 1980s to
2010, but showed a slight downward
trend from 2010 to 2020

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

lakes decreased from 932.5 kmZ2 to 799.25

Wei et al. (2021) km2, and in 2010, the area of the lakes

Geospatial distribution of thaw lakes on the Third Pole permafrost regions had increased to a peak Of 1871.94 km2,
more than double the area in the 1980s

A From 2010 to 2015, the area of the lakes
decreased to 1511.12 km?2 and then
increased to 1703.56 kmZ2in 2020

Li et al. (2022)
Number and area of thermokarst lakes in the Third Pole, 1980si 2020.



