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Ground-based 
observations

field trips observations observations 
at field stations

conventional observations at 
meteorological department

in region with 
cryosphere

glacier snow cover

Sky/Space-based 
observations

river ice

sea icefrozen ground
cryosphere elements:
o frozen soil survey
o snow course survey
o  ship-based sea ice 

observation
o iceberg observation
o submarine permafrost 

observation 
lake ice

cryosphere elements:
o glacier/ice sheets
o snow cover
o frozen ground
o river/lake ice 
o sea ice
o ice shelf
o iceberg
o snowfall

meteorological variables:
o air temperature and humidity
o wind speed and direction
o four components of radiation
o air pressure
o precipitation amount
o evaporation
o albedo
o Infrared radiation temperature
o 3-D wind speed
o CO2 and H2O fluxes

cryosphere observations +
o surface/grass/ground   

temperature
o cable icing
o ground condition
o weather phenomenon, e.g. 

snowfall, snow shower, snow 
accumulation, sleet, graupel, 
snow and ice grains, hail, 
frost, blowing snow, 
snowstorm, icing, ice 
needles
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Cryosphere 
observations



Meteorology 
observations in 
cryosphere regions

Cryosphere observed 
in meteorological 
departments

snow/solid 
precipitation

icebergs

weather 
phenomenon

glacier and 
ice caps

sea ice

1. Cryosphere meteorological observations

seasonally 
frozen ground

ice shelves

ice sheets

permafrost

lake ice

river ice

air temperature

air humidity

wind direction

air pressure

Incoming/outgoing 
longwave radiation

Incoming/reflected 
shortwave radiation

precipitation

wind speed

required desired , as recommended by GCW.Ancillary meteo. obs.Best practices have been published by WMO. 4



Qin et al., 2018

Disciplinary 
system of 
Cryospheric 
Science

Cryosphere 
climatology is a science 
that studies the 
influence and feedback 
of the cryosphere and 
its constituent 
elements on the 
atmosphere, and 
serves for the 
sustainable 
development of social 
economy.
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Chapter 3     Measurement of glaciers

Follow relevant specifications/best practices released by WMO

adapt at national level according to availability, resources, etc. of instruments

https://library.wmo.int/viewer/68660/download?file=8_II-
2023_en.pdf&type=pdf&navigator=1
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https://library.wmo.int/viewer/68660/download?file=8_II-2023_en.pdf&type=pdf&navigator=1


 Snow cover – manual observation of snow depth and snow pressure

Volumetric snow gaugesnow stake

 snow depth in cm  snow pressure (P) in g/cm2

Snow pressure → SWE (mm):

SWE = P / ρw*10
ρw= 1 g/cm3
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Laser 
ranging 
probe

mounting bracket

processor 
control unit

underlying 
surface

snow 
surface

a-b=snow depth

sensorsensor

Ultrasonic beam

Ultrasonic snow depth meter calculates the 
distance from the ranging probe to the target 
by measuring the time of the ultrasonic pulse 
launching and returning, and realizes the 
automatic continuous monitoring of the snow 
depth.

§ Then the distance represented by 
the phase delay is converted 
according to the wavelength of 
the modulation light.

Laser snow depth meter

ultrasonic snow depth meter

 Snow cover – automatic observation of snow depth

temperature 
sensor

mounting bracket

processor 
control unit

Ultrasonic 
ranging 
probe

laser device modulator

phase discriminatordistance calculation

target 
object
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§ The laser beam is modulated by the frequency of radio band, 
and the phase delay generated by the modulation light is 
measured. 



 Frozen Ground – manual observation of depth of frozen soil 

§ lift the iron cover and the inner tube with one hand
§ use the other hand to touch the position of ice in the inner tube
§ read the corresponding scale number at both ends of the ice, representing the upper 

and lower depth of the frozen layer, respectively
§ record the number of depth in the observation book
§ reinsert the inner tube and close the cover
§ mark both the upper and lower limits as "0“ when the scale number is less than 0.5cm

frozen soil apparatus

When the ground temperature drops to 
0°C or below and the soil begins to 
freeze, the frozen soil is observed once 
a day at 8 o'clock until the soil is 
completely thawed the following year.

lifting bail

iron covering

felt pad

hard rubber hose

soft rubber hose

heavy bob

bottom cap

Inner tube

heavy bob

lower contact

upper contact

hook

drain screw

soft rubber hose

chain

Apparatus
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§ frozen-resistance type
Based on the principle that physical properties of water volume and resistance will change with the water phase changes, the freezing level and upper and lower depths 
of frozen soil are obtained by measuring the relevant physical properties using non-pure water as induction medium.
§ capacitor type
The frequency of LC oscillation circuit responds to changes in water dielectric constant when there is phase changes of water in soil. The discriminant model of soil 
freeze-thaw state was established according to the frequency variation rule and soil temperature, and the freezing level and upper and lower depths are obtained.
§ thermometric type
The freezing level and upper and lower depths are obtained according to the characteristic of temperature changes when water condensing into ice or ice melting into 
water, combined with the freezing point determination algorithm.

 Frozen Ground – automatic observation of freezing layers and freezing depth (cm)
According to the freeze-thaw characteristics of soil containing water, the automatic observation instrument uses thresholds 
to judge the freezing layers and depth of frozen soil by measuring water phase, soil frequency domain reflection (FDR) or 
temperature identification.

structure of frozen soil automatic observer
data acquisition unit

sensor

wireless communication 
module

Debugging terminal
Analog/digital 
channels

RS-232/RS-485 
terminal

RS-232/RS-485 
port

Power supply unit
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Weather phenomena record sheet

§ Mark corresponding symbol in the sheet 
whenever any type of weather phenomena 
occurs in the visual area.

§ Some need to record start and end times, 
e.g. snowfall, snow shower, sleet, glaze, 
rime, graupel, snowstorm, etc.

§ Some do not need to record start and end 
times, e.g., snow accumulation, frost, icing, 
ice needles, etc. 

 Weather phenomenon – manual observations
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Weather phenomena video intelligent observer

§ computer vision principle (total cloud cover, icing, snow 
accumulation, etc.): a kind of simulation of biological vision by 
using computer and related equipment. It can obtain 3D 
information of corresponding scene by processing collected 
video or picture.

§ deep learning principle (cloud shape, ground condensation 
phenomena – frost, dew, glaze, rime): a kind of algorithm 
based on artificial neural network for data representation 
learning.

Fisheye lens HD camera

Long-focus lens HD camera

short-focus lens HD camera

control cubicle (Data processing, 
communications, power supply)

accessory (erect pole 
and base)

 Weather phenomenon – automatic observation

§ Comprehensive identification from multi-source observations 
(cloud cover, cloud height, ground condensation phenomenon 
– dew, frost, glaze, rime, visual range disturbance 
phenomenon – fog, light fog, haze, floating dust, sandstorm, 
blowing sand, and thunderstorms, snow cover, icing, snow 
depth and snow pressure, frozen soil and etc.): through the 
rapid update of numerical products from satellite, sounding, 
automatic weather station, lightning detection, lightning 
imaging, uniformly generated at national level and distributed 
to provincial level.
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Anduo Meteorological 
Observation Station

(a.s.l. 4802 m)
The highest manned 

meteo. station in the world.

Sejra Pass National 
Meteorological Observation 

Station (a.s.l. 4720 m)
-- automatic station

Daxigou Meteorological 
Observation Station

(a.s.l. 3543.8 m)
-- close to Urumqi Glacier 
No.1, Tianshan Mountains



Automatic weather stations for the cryosphere 

Surface automatic weather site
1. Lightning rod; 2. Wind speed and direction sensor; 3. Snow depth 
sensors; 4. Data collector; 5. Battery; 6. Temperature and humidity 
sensors; 7. Solar panels; 8. Four components of radiation

Eddy dynamic system on ice surface
1. Lightning rod; 2. Temperature and humidity sensor; 3.Data logger; 
4. Data processor; 5. 3-D ultrasonic wind speed/direction sensor; 
6. Batteries
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q The arrangement of observations should be flexible, the instruments should be portable, and the 
meteorological parameters should be observed with unique specifications.

q The sensors for meteorological observation must be characterized by low temperature resistance, a wide 
measurement range, high precision and easy maintenance.

Qin et al., 2021



T200B rain gauge
1. Solar panel; 2. Data logger; 3. Rain and snow gauge container; 
4. Wind protection fence

meteorological observation field for permafrost 
1. Lightning rod; 2. Solar panels; 3. Wind speed and direction sensor; 
4. Data logger; 5. Snow depth sensor; 6. Temperature and humidity collector; 
7. Windbreak fence; 8. Snow and rain gauge container; 9. Data processor; 
10. CO2/H2O analyzer; 11. 3-D ultrasonic wind speed and direction sensor
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➀ monitor the meteorological factors affecting glaciers, snow cover, permafrost and melt water runoff from 
snow and ice; 

➁ study the micro-climatic characteristics of glaciers, snow cover and permafrost regions; 
➂ the energy-mass exchange characteristics on the surfaces of glaciers and permafrost.

Qin et al., 2021



p On May 4, 2022, an automatic weather station was built at an altitude of 8,830 m on the north slope of Mount 
Qomolangma, by the second Comprehensive Scientific Expedition to the Qinghai-Tibet Plateau. 

p They also built seven automatic meteorological observation stations along the route from 5,200 m to 8,300 m 
(a.s.l.), marking the initial completion of China's gradient meteorological observation system for Mount 
Qomolangma.
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Data acquisition and transmission 
process

Data quality control process

Operational monitoring process

Equipment support process

warning/alert: this process monitors the 
integrity, timeliness and quality of 
operation status, data transmission, 
processing and storage.

automatic 
observation

quick multi-level QC

data storage

automatic QC by operational 
software in real time
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historical and real-time data sets for operational application
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no

specialist processing 
combined with other 

information

analysis and 
processing

yes

data 
integration

upload 
in BUFR 

Operational process and specification of metadata and raw data collection
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Four types of data:
o automatic observation data
o automatic integrated identification data
o status data (running status and 

information about the device)
o metadata
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statistical and diagnostic methods commonly used in climatology 
or proxy index method in cryosphere
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The changes of cryosphere and its 
constituent elements, and its 
influence and response to the 
atmosphere at multiple scales

 General process of applying in-situ observations for cryosphere climatology

long-term observations 
of cryosphere and 

atmosphere elements

optimize atmospheric 
reanalysis system

long series in-situ 
observation data sets

provide data 
assimilation systems 

with observation 
information

provide observation 
verification for 

numerical models

model simulation 
data sets

atmospheric 
reanalysis data sets

provide observation 
validation for 

satellite retrievals

remote sensing 
data sets

optimize model 
parameterization 

schemes

Basic data sets for climatic monitoring, prediction, and analysis
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WMO’s effort in building observing networks

Observing Network of WMO

WWW: WMO Flagship Programme

WIGOS: WMO Integrated Global 

Observing System;

WIS: WMO Information System

WMO does not observe by itself, 

but develop observing networks 

based on users’ needs, in turn to 

promote improvement of meteo. 

infrastructure.



Station and Observation metadata: 
Observing Systems Capability Analysis and Review Tool (OSCAR)

WMO Integrated Global Observing System (WIGOS)

21



§ National Centres (NCs)
§ Data Collection or Production Centres (DCPCs) 
§ Global Information System Centres (GISCs) 

WIS communications network

WMO Information System (WIS)
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2438 stations/platforms are registered with snow 
depth observations

Daily snow depth data shared via GTS (January 1, 2022)

OSCAR/Surface

GTS



§ GCOS was established in 1992 to ensure that 
the observations and information needed to 
address climate-related issues are obtained 
and made available to all potential users. 

§ GCOS regularly assesses the status of global 
climate observations and produces guidance 
for its improvement. 

§ GCOS works towards a world where climate 
observations are accurate and sustained, 
and access to climate data is free and open.

outcome 

§ GCOS currently specifies 55 Essential Climate Variables (ECVs). 
§ An ECV is a physical, chemical or biological variable or a group of linked variables that 

critically contributes to the characterization of Earth’ s climate.

24

Global Climate Observing System (GCOS)



q 7/55 ECVs are cryosphere-relevant ECVs.

q ECV are identified based on the following 
criteria:
§ Relevance: The variable is critical for 

characterizing the climate system and its 
changes.

§ Feasibility: Observing or deriving the 
variable on a global scale is technically 
feasible using proven, scientifically 
understood methods.

§ Cost effectiveness: Generating and archiving 
data on the variable is affordable, mainly 
relying on coordinated observing systems 
using proven technology, taking advantage 
where possible of historical datasets.

q ECV datasets provide the empirical evidence 
needed to understand and predict the 
evolution of climate, to guide mitigation and 
adaptation measures, to assess risks and 
enable attribution of climate events to 
underlying causes, and to underpin climate 
services. 

25



GCOS Observation requirements for ECV products -- take snow for example

G=Goal
B=Breakthrough
T=Threshold 

requirements at global level
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In WMO framework https://globalcryospherewatch.org/cryonet/variables/recommended_variables.html
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https://globalcryospherewatch.org/cryonet/variables/recommended_variables.html


6 Earth System Application Categories and 26 
Application Areas:

§ Category 5: Cryospheric Applications
§ Application area 5.1 includes snow, glaciers and 

permafrost, ice caps, glaciers;
§ Climate Monitoring are split into different Categories, 

e.g. 5.3 Cryosphere Climate Monitoring, 2.5 
Atmospheric Climate Monitoring

§ GCW works with GCOS to harmonize 
the cryosphere variables and ECVs 
products, and corresponding observing 
requirements.

WMO Rolling Review of Requirement (RRR)

28
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Daily snow depth data based on GSOD for January 1, 2022

CMA’s effort in producing data sets for climatic application 

p GTS snow depth data are sparse in North America.

p In Eurasia, big differences exist in GTS and GSOD snow depth.

Daily snow depth data shared via GTS (January 1, 2022)

credit: Dr. Wenhui XU

The storage of snow depth data in global BUFR format were 
inconsistent with those in TAC format, resulting in misalignment 
of snow depth data in Eurasia.



Lat: 47.45; Lon: 101.47; Height: 1691 m

Lat: 47.80; Lon: 124.48; Height: 163 m

stations with climate outliers that are verified from historical data

q Threshold value: The 95th percentile of daily snow depth of all stations within the 1-degree grid from January to December 
was calculated using historical daily snow depth data from 1943 to 2022, and the 5* 95th percentile of snow depth value in 
each grid point was used as the threshold of climate outliers for all stations within the grid point;

q A total of 2408 stations had outlier problems, 52 of which contained outliers recorded more than 10 days, and the 
maximum number of outliers recorded at a single station was 15 days.

Climate outlier check for historical snow depth data set 

30
credit: Dr. Wenhui XU



Quality control algorithm flow for historical snow depth data set 

Quality control process code 
meaning

Number of stations 
with suspect data

Number of suspect data 
records (and ratio)

Metadata check 207 17623 (0.03%)

Valid value check 0 0

Climate outlier check 2408 5953 (0.009%)

Time consistency check 358 457 (0.0007%)

Cooperative temperature check 2249 6366 (0.01%)

Spatial consistency check 42 1047 (0.002%)

Duplicate value check 226 66667 (0.1%)

The number of suspect data records identified by different quality control steps from 1943 to 2022

31
credit: Dr. Wenhui XU



p After QC, it can monitor extreme events quickly and quantitatively.
p The extreme blizzard events in 2023 were well captured.

On Nov. 6, 2023, stations that exceeded the historical extreme value of the monthOn April 1, 2023, stations that exceeded the historical extreme value of the month

In April, "cold spring", 
many countries in Europe 
suffered rare snow.

On November 6, a 
large area of snow fell 
in northeast China

In early April, an extreme snowstorm 
process occurred from west to east in 
Canada and the east-central United States



q Hourly snow depth quality control algorithm
o USA MADIS: effective value check (0-762 cm), internal consistency check (maximum snow water 

equivalent must not exceed the total amount of snow equivalent observed at the same station), time 
consistency check (difference between each observation <127 cm)

o China MDOS: threshold value check (0-1000 cm), internal consistency check (snow depth >0 cm when 
there is snow)

q Daily snow depth quality control algorithm
o USA GHCN-Daily: duplicate value check (90 days and above), extreme value check (<1146 cm), abrupt 

value check, and temperature consistency check (when the snow depth increases, the minimum value 
of minimum temperature < 7°C), the consistency check with snowfall and precipitation, the spatial 
consistency check with snowfall and temperature, the time consistency check (daily growth <192.5 
cm), the snow season authenticity check in the northern and southern hemispheres (SNWD > 0 from 
May to October, SNWD=0 from November to April) (Durreet al.,2010)

o Canada: Major range check (95th percentile), time consistency check (change less than 45 cm), 
precipitation and temperature coordination check, spatial consistency check (30 cm), QC of daily snow 
depth values in different climate zones (Baronettiet al., 2019)

Quality control method for snow depth data set
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GCW data portal -- to enable a one-stop search for cryospheric data sets
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https://gcw.met.no/

FAIR principle:

• Findability

• Accessibility

• Interoperability

• Reuse

https://gcw.met.no/


WMO Stewardship Maturity Matrix -- for assess data centres that manage climate data sets

useful links:

The Stewardship Maturity Matrix for Climate Data 
(SMM-CD)
The SMM-CD for National and Regional Purposes 
(SMM-CD_NRP) assessment template
Guidance Booklet: WMO Stewardship Maturity 
Matrix for Climate Data (WMO-No. 1328)
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https://climatedata-catalogue-wmo.org/sites/default/files/WMO_SMM-CD_Template_v04r02_20210604.docx
https://climatedata-catalogue-wmo.org/sites/default/files/WMO%20SMM-CD_NRP%20v01r01%2020210329%20Assessment%20Template.docx
https://library.wmo.int/records/item/68238-guidance-booklet-wmo-stewardship-maturity-matrix-for-climate-data


WMO Catalogue for Climate Data

Listed Global datasets were assessed using the WMO Stewardship Maturity Matrix for Climate Data (SMM-CD).
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https://climatedata-catalogue-wmo.org/

https://climatedata-catalogue-wmo.org/sites/default/files/WMO_SMM-CD_Template_v04r02_20210604.docx
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The way of an operational cryosphere…

1882/83 (12), 1932/33 (40), 1957/58 
(67), 2007/08 (63), 2032/33 (…)

Sustaining cryospheric observations 
and data systems→GCW Data Portal

Arctic RCC-Network
Antarctic RCC-Network
Third Pole RCC-Network

inherit the legacy
integrated 

cryosphere system

Operationalize cryo. products;
Operational centre/pilot project on 
the cryosphere.

EC-PHORSPolar and high 

mountain service
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Arctic Regional Climate Centre - Network

https://arctic-rcc.org/

2008: WMO’s Climate Information and Prediction Services 
(CLIPS) concept was promoted in Polar Regions. 

service domain of Arctic RCC
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Arctic Climate Forum (since 2018, twice a year)
monitoring and prediction of sea ice and SWEConsensus Statement
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Third Pole Regional Climate Centre - Network

http://www.rccra2.org/tp-rcc/

service domain of TPRCC

• initiated in 2017
• currently in 

demonstration phase



Inaugural session of TPCF, Lijiang, China, 4-6 June 2024 1st Consensus Statement

42



Users’ Needs on Long-Range Forecast
Recommendation No. Action

Improve the production of regional outlooks

1 Follow the production of the first regional monitoring / outlook

2
Explore customized products from the leading centres (e.g. 
cryosphere-related products) and provide feedback

3
Diagnostic (satellite) and prediction on snow cover extent; water 
availability for the predicted season

Seasonal T&P, maximize using of GPC products
4

Use more than one reanalysis (Jonathon Wright) - led by TPRCC; 
Suggest member and approach to use

5
Include geographical TPRCC covering domain in LC-LRFMME graphical 
domain

Consider Impact-Based Forecast
6

Climate Watch products related to hazards covered by mandatory 
function

7
Provide the customized products (digital products behind the 
graphics) and elaborated types of variables to support EW4ALL 

Understanding research needs to improve monitoring 
and prediction

8
Engage WCRP (coordinate Climate Research Forum, there’s one for 
South Asia – Mandira link science to society), e.g. CliC fellowships - 
Kazakhstan (Maria provided information)

Development of climate prediction verification products 
and related technological documents for multi-users

9  TT-LRF to lead

Outcomes of TPCF and scoping meetings
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1. Floods including GLOF, flash flood
2. Drought including ZUD (long dry spell)
3. Land slide and debris  flow
4. Avalanches, land/mountain slides
5. Large scale forest fires (long dry spell)
6. Frost, lightning
7. Increasing temperature, extreme temperature
8. Extreme rainfall in sub-seasonal scale

Most Critical Hazards Identified

Outcome of TPCF scoping meeting in Bangkok, Nov. 2023 
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JDP-TPRCC in WMO RAII Operational Plan 2021-2024

WMO-recommended best practices of 
measurement of cryospheric observations and 
their use, with experts invited (2023-2024)



JDP-TPRCC in WMO RAII Operational Plan 2024-2027
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Cryosphere ambitions endorsed by WMO EC-78:
§ Everyone on the planet is prepared for and resilient to the impacts 

from changes in the cryosphere.
§ The global community works collaboratively to limit and reduce 

cryosphere loss and its impacts.
§ Data, science, and indigenous knowledge are accessible and 

provide a sound basis for policies and decisions on response, 
mitigation, and adaptation in the face of future changes. 
§ The importance of the cryosphere and the consequences of its 

changes are known, universally understood and inspire actions.



Thanks


