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1、Permafrost and its role in 

climate system
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PERMAFROST IS A THERMAL 

CONDITION OF EARTH MATERIAL

• - Permafrost is ground that remains 

at or below 0ºC for two or more years

• - The active layer is the layer of 

ground above permafrost that 

freezes and thaws each year. 
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DISCONTINUOUS 

PERMAFROST

Churchill , northern Manitoba; The tree line; the southern 

limit of continuous permafrost  



CONTINUOUS PERMAFROST

Tuktoyaktuk, NWT;  MAGST -7⁰C



Massive ground ice along Tuktoyaktuk coast, NWT. 



Exposed ice in a typical periglacial landform-pingo



Permafrost classification
• By area coverage

– Continuous (>90% of area)

– Discontinuous (50-90% of area)

– Sporadic (10-50% of area)

– Isolated (<10% of area)

• By Location:
– Terrestrial 

– Sub-ice 

– Sub-sea 

– Relic

• By Coupling with climate:
– Exposed (terrestrial)

– Submerged (sub-ice, sub-sea, and relic)



Permafrost Classification by Area



Permafrost Classification



Controls over the 

distribution of permafrost

• 1. REGIONAL CLIMATE.......

• 2. Permafrost may be RELICT and 

unrelated to current climate.....

• 3. Local site-specific factors:

• - aspect, lithology and thermal conductivity, 

vegetation cover, snow cover, drainage



Permafrost Distribution by Country

• It occurs as 

far north 

84°N in 

northernmost 

Greenland, 

and as far 

south as 

26°N in the 

Himalayas 

• Permafrost underlies approximately 22.79 million square kilometers (about 

24 percent of the exposed land surface) of the Northern Hemisphere.
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Distribution of frozen ground  in China

⚫In China, the area of permafrost distribution amounts to about 1.5×106 km2.



⚫ On the QTP, the area of permafrost distribution amounts to about 1.06×106 km2 ；

⚫ Lots of studies indicated that permafrost dynamics on the QTP have exerted significant 

influence on the engineering construction, hydrological cycles, and ecosystem diversity 

and production in local regions.



Geomorphic evidence of 

warming permafrost

In Arctic regions, a thickening of the active layer may result 

in an increased frequency of active-layer-detachment 

failures.

In Subarctic regions, the thaw of marginal (warm) 

permafrost will cause collapse scars and the formation of 

wetlands and bogs

French, 2013, Lanzhou



Active-layer detachment failure, 

Banks Island, Arctic Canada 



Degrading permafrost in 

Northern Manitoba



Permafrost – an essential climate variable of the“Global Climate Observing 

System”



Armstrong McKay et al., 2022, Science

• The tipping points in earth climate system





Permafrost plays a central role in Arctic landscapes

Major influence on hydrology . . . and on water quality

Snow greatly influences the permafrost conditions 



“Drunken Forests”

http://openlearn.open.ac.uk/mod/resource/view.php?id=172095

http://gsc.nrcan.gc.ca/landscapes/details_e.php?photoID=509



Permafrost plays a central role in Arctic landscapes

Major influence on tundra ecology: Vegetation and Fauna

Also affected by snow and liquid water 



Thawing permafrost forecast to 

release CO2 and CH4 -- huge 

areas of Siberia are a gigantic 

source of additional green 

house gases, as across many 

parts of the Arctic



Karen Frey; image
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Impact of Thawing Permafrost on Global Climate

• ~1700 Gt of 

carbon in 

permafrost as 

frozen organic 

matter 

• Thawing 

permafrost will 

release CO2 and 

methane into 

atmosphere (Tarnocai et al. 2009. GBC 23, GB2023)



The Permafrost Carbon Feedback

• Amplifies surface 

warming

• Irreversible

• Emissions for centuries

Projected annual permafrost emissions 

for A1B scenario



Permafrost will continue to thaw

Projection of active layer thickness for A1B scenario

year

Active Layer Thickness (cm)



► CALM

► GTN-P

Permafrost observation network in the NH



2、Permafrost monitoring



-Drilling

-Measuring ground temperatures

-Observation of active layer

-Geophysics and Remote Sensing 

Permafrost monitoring





The drilling facilities include two 
equipment for:

–1) deep borehole  (more than 20 m) 
–2) shallow borehole (up to 15 m).

1 2

Drilling



Measuring ground temperatures

Steel pipe

Datalogger

Temperature sensors



Measuring ground temperatures







Observation of active layer

TDR sensor

109 sensor

HFP01 sensor

Ground surface
Sensor

Datalogger

⚫ Soil temperature, moisture content,

and heat flux have been recorded by

datalogger at an interval of 30

minutes or 1 hour.



Observation of active layer



Eddy Covariance System

⚫ Sensible heat, latent heat,

water vapor, and CO2 flux

were measured.



Automatic weather station



Geophysical survey



Geophysical survey



Geophysical survey



Geophysical survey



Geophysical survey

Thus, GPR is a a

valuable 

complementary

technique to shallow 

seismics.



Geophysical survey



Geophysical survey

Electrical 

methods:
DC resistivity 

soundings (also

called vertical 

electrical 

soundings, VES) 

and electrical 

resistivity 

tomography(ERT)

C. Kneisel and 

C. Hauck, 2008



Geophysical survey



Geophysical survey

Checklist of 

the operation 

procedures



Geophysical survey

Electromagnetic 

methods: 
Electromagnetic 
techniques include 
frequency-domain EM
systems (FEM), time-
domain electromagnetic 
systems (TDEM), systems 
using
very low frequencies 
(VLF) and the so-called 
radiomagnetotelluric
method
(RMT).

C. Kneisel and 

C. Hauck, 2008



Geophysical survey



Transient electromagnetic systems (TDEM)



Geophysical survey

Checklist of 

the operation 

procedures



Geophysical survey

Refraction 

seismics



Geophysical survey

L. Schrott and T. 

Hoffmann, 2008



Geophysical survey



Geophysical survey

Checklist of 

the operation 

procedures

L. Schrott and T. 

Hoffmann, 2008



3 、Some cases on 

permafrost monitoring in the 

Qinghai-Tibet Plateau and 

Mongolian Plateau



Permafrost monitoring network on the QTP



Maxianshan site（2009 to present）

• AWS

• Boreholes

• Active layer observation sites

• Vegetation sampling sites

Permafrost observation in the northeast of QTP



Permafrost observations in the Tienshan Mts.

Urumqi River site（1997 to present）

——AWS

——Boreholes

——Active layer observation site



Main Equipments

No. Apparatus Set Contents

1 AWS 7 Regular meteorological factors

2 Eddy covariance system 3 CO2、heat and moisture flux

3 Boreholes with datalogger 16 Ground temperatures

4 Active layer observation system 18 Soil temperature and moisture

5 Mala-Ramac GPR 1 Permafrost table

6 GDP-32 1 Thickness of ice

• Permafrost monitoring network on the QTP



The impacts of climatic warming in the northern limit of permafrost 

regions on the QTP
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The GPR has been applied to 

identify the permafrost 

degradation at the boundary 

regions of permafrost  in 

Northern QTP (Wu et al., 2005)。



Drilling Measuring temperature

GPR investigation GDP investigation Sampling soil carbon

Sampling soil cores



Sampling surface waterSampling snow

Sampling soil moisture Sampling granularity Isotope soil samples

Sampling ground ice



GPR
2012-08-17 GDP

Soil profiling Investigating of vegetation



We conducted a GPR survey for mapping the permafrost distribution in Davaat Valley

and to detect the permafrost in Nalaikh plain in October of 2006.

Permafrost monitoring network on the QTP



Davaat Site

Nalaikh Site

In order to calibrate the 

estimation result, two stations 

have been established in 

Mongolia for monitoring 

permafrost changes.

4.3 Changes in Permafrost in Mongolia



2006.8  Site determination
2006.10 GPR investigation

2007.6 Establishment of Davaat site 2008.8 Establishment of Nalaikh site

2009.6 Geophysical investigation near Ulaanbaatar
2010.8 Installation of sensors



Permafrost investigation at the Nalaikh AWS site

The GPR interpretation results

indicated that the permafrost table was

located at a depth of 3.8 m to 4.1 m

and that the permafrost base at a depth

of 6.0 m to 6.8 m in the Nalaikh site.

The discontinuous permafrost in the

study site was of a small thickness and

undergoing severe degradation.
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The corroboration of GPR results(Wu et al., 2009)



GPR investigation at the Nalaikh pingo

19981998 2005 2006

The GPR investigation at the Nalaikh pingo indicated that the active layer thickness

was 1.5 m in depth and ground ice was 4 m~6 m in thickness. Compared to the

results of previous studies at this site, the active layer thickness has increased 10~15

cm and the thickness of massive ground ice has decreased 1~2 m during the last 8

years. The ground ice is in severe degradation which leads to apparent lowering of

lake water level because of the disappearance of permafrost as an aquifuge（非透水
層).



 Five AWS and ALT monitoring sites has been set up in 2023 in

Henti and Hangai Mts..

The established permafrost monitoring sites in Mongolia in 2023

Permafrost monitoring network on the QTP



Elements Parameters

Meteorological factors
Ta, Precipitation, Wind speed and direction, Relative humidity, Air 

pressure, Radiation

Ground surface temperature HOBO temperature sensors at 5 cm below ground surface

Active layer thickness Soil temperature, moisture, themal conductivity

Permafrost temperatures Permafrost temperature（10～60m boreholes）

探坑挖掘和仪器安装 活动层水热传感器布设 地温探头布设 土壤调查

观测场围栏安装Bagannuur监测场 Darkhad监测场 Galuut监测场

Permafrost monitoring network on the QTP
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