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Definition and background

Permafrost: Subsurface material that remains continuously at or below 0 °C for at 
least two consecutive years.

The observation of permafrost relies on in-situ measurements. 

Temperature measurement in boreholes is the only direct and quantitative thermal observation 
and the primary method for long-term climate-related permafrost monitoring.

Permafrost was selected as one of the essential climate variables (ECVs) of the Global Climate 
Observing System (GCOS). 

ECV Permafrost Products and Units of Measure to comply with the WMO definitions and best 
practices



Definitions

Permafrost temperature: 

● The ground temperature measured in the permafrost at specific depths. 
● It is the primary and direct variable to observe permafrost and its changes.
● Permafrost temperature is measured in degrees Celsius (°C). 
● Measured typically along a vertical profile in a borehole.
● The typical depth of boreholes varies from less than 10 m to 100 m or more.



Measurement methods

Permafrost temperatures are commonly measured in a drilled borehole. The two 
most often used methods are 

(1) permanent installation of a temperature sensor string in the borehole for 
continuous measurements often by a data logger, or 

(2) temporary lowering of a portable temperature sensor into the borehole to 
measure the temperature at different depths.



Measurement methods (continuous temperature reading)

● Data loggers are utilized for measurements typically every 1 to 24 hours and 
provide a continuous record of ground temperatures

● Accessed remotely for (near) realtime data (if remote access is not available, 
periodic visits are required to acquire data from loggers).



● At shallower depths, generally less than 15 m, ground temperatures experience an annual 
temperature cycle and it is desirable to have several measurements throughout the year, 
depending on the depth and corresponding temperature variability. 

● At depths below the penetration of the annual temperature wave (i.e., the Depth of Zero 
Annual Amplitude, DZAA), and up to depths of about 50 m, annual temperature 
measurements are sufficient. 

● At greater depths (>50 m) where temperatures change slowly, biennial or less frequent 
(5–10 years) measurements are sufficient to capture long-term changes in permafrost 
temperature.

● With increasing permafrost warming and degradation, more advective processes may 
become relevant, which cannot be captured with measurements of low temporal resolution. 

● In light of increasing permafrost temperatures at the majority of measuring sites it is 
recommended to increase the frequency of permafrost temperature measurements. 

Measurement methods (manual temperature reading)



Depth below land surface

● The standard depths for permafrost temperature measurements defined by the Global 
Terrestrial Network for Permafrost (GTN-P) are 5, 10, 20 m below the surface. 

● Spacing of sensors generally increases with depth due to the decreasing temporal 
variability in the ground temperatures.

● For example, in the uppermost 5 to 10 m, sensor spacing of 0.5 to 1 m can adequately 
define the shallow thermal regime while spacing may increase to 5 to 10 m or more at 
depths below the Depth of the Zero Annual Amplitude (DZAA). 

● The minimum desirable sensor levels for continuous measurements using data loggers for 
boreholes less than 15 m deep are: 3, 5, 10 meters and at the bottom of the borehole. 

● Within the EU Project PACE a standard for a 100 m borehole was defined (Harris et al. 
2001): 0.2, 0.4, 0.8, 1.2, 1.6, 2, 2.5, 3, 3.5, 4, 5, 7, 9, 10, 11, 13, 15, 20, 25, 30, 40, 50, 60, 
70, 80, 85, 90, 95, 97.5 and 100 m depth below land surface 

● Measurements at the DZAA as well as at 10 and 20 m depth were established for reporting 
in national and international assessments. 

https://doi.org/10.1002/ppp.377
https://doi.org/10.1002/ppp.377


Permaforst Temperature sensors

Thermistors and Resistance Temperature Detectors

Thermocouples

Fiber optic (Distributed Temperature Sensing (DTS))

Silicon based digital temperature sensors



Soil temperature (WMO)



Soil temperature (WMO CIMO Guide 2014)

2.2.2.3 Measuring soil temperatures

● The standard depths for soil temperature measurements are 5, 10, 20, 50 and 
100 cm below the surface; additional depths may be included. 

● The site for such measurements should be a level plot of bare ground (about 
75 cm2) and typical of the surrounding soil for which information is required. 

● If the surface is not representative of the general surroundings, its extent 
should not be less than 100 m2.



BUFR - WMO observation templates
6.1 WMO AWS (automatic and manned station) template, one hour period (Dragosavac, ECMWF 2008)
DATA DESCRIPTORS EXPANDED



Possible points to discuss

● What changes ought to be made in BUFR tables for reporting permafrost 
temperature?

○ New element descriptor 'Permafrost Temperature', - or is 0 12 130 Soil Temperature sufficient?
● Extending code table 0 02 096 Type of temperature sensor?
● New sequence descriptor(s) for including permafrost temperature?
●


