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Background for C&V

ü The Working Group on Calibration and Validation (WGCV) of the Committee on Earth Observation 

Satellites (CEOS) 

Calibration ̔process of quantitatively defining asystemôs response to known and controlled signal inputs.

Validation ̔process of assessing, by independent means, the accuracy of the data products derived from the 

system outputs. 

LPV SG has released Protocols for 5 land products

Å Aboveground Biomass ̃

Å Soil Moisture 

Å Albedo

Å LST

Å LAI 

WGCV consists of 6 subgroups

Å Atmospheric Composition(ACSG)

Å Infrared Visible Optical Sensors (IVOS)

Å Land Product Validation ( LPV ), which is responsible 

for the validation of land products

Å Microwave Sensors (MSSG)

Å Synthetic Aperture Radar(SAR)

Å Terrain Mapping(TMSG)

̂https://ceos.org/ourwork/workinggroups/wgcv/̃

https://ceos.org/ourwork/workinggroups/wgcv/subgroups/acsg/
https://ceos.org/ourwork/workinggroups/wgcv/subgroups/ivos/
https://ceos.org/ourwork/workinggroups/wgcv/subgroups/mssg/
https://ceos.org/ourwork/workinggroups/wgcv/subgroups/sar/
https://ceos.org/ourwork/workinggroups/wgcv/subgroups/tmsg/
https://ceos.org/ourwork/workinggroups/wgcv/


4

üWorking group II (WG II): Satellite data and products

ü Validation Activities included in each International 

working group guided by CGMS

ü The Radio Occultation Modeling Experiment 

(ROMEX) is a collaborative effort initiated by the 

International Radio Occultation Working Group 

(IROWG) to explore the impact of radio 

occultation (RO) observations on weather 

prediction and climate research

ü CMA takes great effort to join the ROMEX and 

provides FY RO raw data 

ü CGMS Activities on Validation and Calibration
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FRM is divided into the following working groups̔

ü FRM4STS (verifying sea surface, land surface and ice surface temperature)

ü FRM4VEG (Verifying vegetation)

ü FRM4ALT (Verifying terrain height)

ü FRM4GHG (Verifying greenhouse gases)

ü FRM4SOC (Verifying ocean water color)

ü FRM-BOUSSOLE (Verifying free water reflectance and free water emissivity)

ü FRM4DOAS and Pandonia FRM (use differential absorption spectroscopy and 

Pandora spectrometer system to verify O3 , NO2 , formaldehyde and other trace 

gases respectively)

ü A complete set of processes has been established, from the design of specialized instruments, laboratory 

calibration, field experiments, data sharing and openness, analysis and evaluation of results, to the 

improvement of algorithms

ü ESA establishes the Fiducial Reference Observation (FRM) Programme for satellite validation
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One of the world's largestmeteorological observation system

Å nearly 80,000 sets of equipment spanning over340 types

Å cover 100items of meteorological parameters

Å generating 15TB of daily observation data.

China Integrated Meteorological Observation Network
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China Meteorological Observation Network

Weather Observation 
Network

Real-time Weather & Severe 
Weather Hazard

Surface Met-observations 
(10,991 national stations, 65,535 local 

stations)

Weather Radar Observations 
(S/C: 253, X-band: 344)

Upper-air Met-observations 
(131 stations)

Ground-based Remote Sensing 
Observations 

(49 vertical profiling systems, 225 
wind profilers, 1,348 water 

vaporïionosphere systems)

Climate and Climate 
Change Observation 

Network

Long-term Essential Climate 
Variables Continuous and Stably 

Climate Observations 

(27 climate observatories, 217 
reference climate stations)

Climate Change 
Observations

(784 eco-meteorological stations) 

Atmospheric Composition 
Observations

(18 national background stations, 
92 GHGs stations)

Space-based Met. 

Met. Observation

In the Middle and Upper 
Atmosphere and Interplanetary 

Space

Fengyun Meteorological 
Satellites

Ground-based Space 
Weather Observations

Near-space Met-
observations

Specialized Met. 
Observation Networks

Supporting National Strategy 
and Public Well-being

Agrometeorological 
Observations 

(3,035 soil moisture stations)

Lightning Observations 

(624 stations)

Wind and Solar Energy 
Observations 

(400 wind stations, 180 
radiation stations)

Transportation Met-
observations 

(1,432 stations)

By observation functions, the CMA Observation Network consists of the Weather Observation Network, the Climate and 

Climate Change Observation Network, the Space Weather Observation Network, and Specialized Meteorological 

Observation Networks, each comprising several sub-networks.



9

Gap analysis of GCOS Essential Climate Variables (ECVs) 

Å Expansion from atmospheric observation to multiple spheresôobservation. China has already carried out

observations of 50 types of ECVs and is expected to achieve full coverage of 55 ECVs by 2030.

Å Transition from Meteorological Observing to Earth System Monitoring.

Category Subcategory ECV

Atmospher
e

(16)

Surface
(6)

Precipitation

Air pressure

Surface radiation budget

Surface temperature

Surface water vapour

Surface wind speed and 
direction

Upper -air
(6)

Earth radiation budget

Lightning

Upper -air temperature

Upper -air water vapour

Upper -air wind speed and 
direction

Cloud properties

Atmospheric 
Composition

(4)

Greenhouse gases

Aerosols

Ozone

Precursors of aerosols and 
ozone

Category Subcategory ECV

Ocean
(19)

Physical
(11)

Ocean surface heat flux

Sea ice

Sea level

Sea state

Surface currents

Sea-surface salinity

Surface stress

Sea surface temperature

Subsurface currents

Subsurface salinity

Subsurface temperature

Biogeochemical
(6)

Inorganic carbon

Nitrous oxide

Nutrients

Ocean colour

Oxygen Content

Ocean tracers

Biosphere
(2)

Marine habitat

Plankton

End of 2025 2026-2030List of ECVs in China

Category Subcategory ECV

Terrestrial
(20)

Hydrology
(5)

Groundwater
Lakes
Rivers
Soil moisture
Terrestrial water storage

Cryosphere
(4)

Glaciers
Ice sheets and ice shelves
Permafrost
Snow

Biosphere
(9)

Above -ground biomass
Surface albedo
Evaporation from land
Fire disturbance
Photosynthetically active radiation
Land use
Land surface temperature
Leaf area index
Soil carbon

Human Use of 
Natural 

Resources (2 )

Anthropogenic greenhouse gas 
fluxes

Anthropogenic water use
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2.1  Surface Network

National-level surface meteorological stations (10,939)

ü National Reference Climate Station (217)

ü National Basic Meteorological Station (2166)

ü National Meteorological Station (8556) 

ü Average station spacing is 30km

ü The current 33 observational elements of the reference 

station will be expanded to41 observational elements 

following the completion of the 14th Five-Year Plan.
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2.2  Upper-Air Network

ü 4 stations in Guangdong have realizedround-

trip drifting soundings

ü 120 stations upgraded with GNSS soundings

ü 11new stations with GNSS sounding

ü Observing range: ground to 30km

ü Observing elements: temperature, barometric 

pressure, humidity and wind speed and direction

ü Observing frequency: regular single wind 

measurement at 0800, 2000 and 0200
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Ascent-Drift-Descent Radiosonde System (ADDRS)

ü BeiDou Navigation-based radiosonde system: Completing its end-to-end test validation.

ü "Ascent-Drift-Descent" three-phase observation mode: Enabling continuous atmospheric profiling across three

distinct phases (ascent, drift, descent) via a single balloon launch.

ü Targeted Observation: By identifying sensitive zones for targeted observation, the system enables:

ÅPrecise trajectory planning during the drift phase,

ÅFocused profiling in the descent phase.

Operational principle diagram of the Ascent-Drift-Descent Radiosonde System (ADDRS)
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2.3  New-generation Weather Radar Network

ü A total of 597 stations nationwide

Å S band: 138

Å C band: 115

Å X band: 344

ü Radar Coverage

Å At 1 km altitude: 43.7%

Å At 2 km altitude: 59%

Å At 3 km altitude: 67%

ü Four types of volume scan modes, frequency 6ï

10 minutes

ü 57 products: 34 single-polarization, 19 dual-

polarization, and 4 severe weather warning 

products
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Â An Innovation Calibration System: 

Å static calibration

Å antenna far-field calibration

Å standard radar intercomparison

Å satelliteïground cross-validation 

Â Whole Network Consistency of Radar Reflectivity within 2.7 dB.

Calibrated 

Radars

Standard Radar 

Intercomparison 

(Dynamic)

Antenna Far-field 

Calibration System 

(Static)Є

1

2

3

4

Data Processing 

Center

StaticïDynamic Integrated Calibration System of Weather Radars

Instrument Testing 

(Static)

SatelliteïGround Cross-validation 

(Dynamic)

Metallic Sphere Calibration

Signal Processing Algorithm Verification
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2.4  Atmospheric Composition Network

ü Station Network

GAW & Baseline Stations:

Å1 GAW global station (WLG) + 3 GAW regional stations 

Å4 regional baseline stations + 1 Zhongshan Station 

(Antarctic region), 

Å10 pre - operational baseline stations. 

ü Specialized Stations:

Å120+ high - precision COϜ/CHϞmonitoring stations,

Å557 coordinated stations (e.g., aerosols, reactive gases, 

acid rain).

ü Data Quality

Å Participate in WMO audits/intercomparisons regularly.

Å GHG and ozone data are traceable to WMOôs top 

standards, certified ñhigh - qualityò by the World 

Calibration Center.

ü Operational Output

Å China Greenhouse Gas 

Bulletin: Issued annually 

since 2012 (12 issues to 

date).
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2.5  Ground-based Remote Sensing Network

ü System composition: 5 types of observation 

equipment + 1 integrated system

ü Observation equipment: Wind profiler, 

millimeter-wave ceilometer, ground-based microwave 

radiometer, aerosol laser observation instrument 

(three wavelengths), and GNSS/MET

ü Observational elements: profiles of 

atmospheric temperature, humidity, wind, 

hydrometeors, aerosols, etc

ü Observation range: from above the ground to 

the troposphere (10km)

ü Time resolution: 6-minute continuous 

ü Observation Spatial resolution: 30m

Core Capabilities

Å To captures minute-resolution, all-weather vertical atmospheric profiles

Å To monitor the full cycle: clear sky Ÿ cloud formation Ÿ precipitation

Å To Elucidate thermal-dynamic processes in severe weather and haze lifecycle (genesis to dissipation)
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Layout of the Network

Layout of the network: including 60 five factor stations, 93 four factor 

stations, 125 three factor stations, and 1368 other stations.

üBy 2030, 131 vertical observation systems are planned to be co - located with radiosonde 

stations, with 49 systems already operational.

Station Layout

Microwave 

radiometer

Wind 

profiler 

radar

Cloud 

Radar

Aerosol lidar



18

2.6  Airborne Observation System

Shwuho w|sh ʆShwuho w|sh ʇ 

Service Ceiling: Ó 12,000 m

Endurance: Ó 8 h

Maximum Speed: Ó 550 

km/h

Service Ceiling: Ó 9,000 m

Endurance: Ó 24 h

Maximum Speed: Ó 350 

km/h

Payloads Observation elements Pictures 

Airborne sounding 

systems 

(Dropsonde)

Temperature, humidity, pressure 

profile; Doppler speed, longitude, 

latitude, altitude, wind direction,  wind 

speed, etc

Airborne temperature 
and humidity profiler

Tb, humidity, Temperature,etc

Airborne millimeter 
wave cloud radar

Power spectrum, cloud radial 

velocity, spectrum width; Cloud 

reflectance factor, cloud height,etc

SAR Radar feature classification,etc

visible/infrared 
spectrometer

Reflectivity, vegetation index, land 
type, location and area of fire points, 
flood area and area, etc

Airborne synthetic 
aperture radar

Wind speed, direction, multi-layer 
horizontal wind field

ü Core Components

ÅUAV Platforms: 2 high-performance large UAVs (Petrel I/II, with 

12km+/9km service ceiling and 8h+/24h endurance).

ÅPayloads: 6 specialized meteorological sensors (sounding, T-H 

profiling, cloud radar, SAR, spectrometer, synthetic aperture radar).

ÅTestbeds: UAV observation bases in Zigong (Southwest China) 

and Boao.

ü Operational Status

ÅSince 2023, the national mobile observation system has 

entered trial operation, supporting:

- Tibetan Plateau monitoring,

- Typhoon tracking (via Boao Base),

- Ecological and meteorological emergency responses,

- Northeast Cold Vortex observation.
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ü Mission Overview

Conducted 38 UAV observation flights targeting:

ÅSouth China Sea typhoons

ÅSouthwest Plateau

ÅNortheast Cold Vortices

ÅEmergency response missions

ÅTotaling 182.41 flight hours and 57,000 km

coverage

Real-Time Products from UAV-Based Observation of 

Typhoon Paibian

Assimilation of UAV dropsonde 

observation data reduces typhoon track 

forecast errors

ü Mission List

Å9 flights: Southwest Plateau monitoring,

Å16 flights: South China Sea typhoon observation,

Å12 flights: Emergency/major event support,

Å1 flight: Northeast Cold Vortex observation.

Field Campaigns in 2024
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Since 1988, 22 

meteorological 

satellites of 2 

Generations, 4 

Types, have 

been 

successfully 

launched

FengYun Family
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GEO

LEO

FengYun satellites On the service

FY-2G, -2H
FY-2G (99.5°E )  and FY-2H (79°E)

Full disk every 30 min

FY-2H, last flight unit of  FY-2 series.

FY-4A
First of China's second-generation 

GEO meteorological satellites. 

FY-4A (104.7°E) , Full disk every 

15 min.

FY-4B
FY-4B (133°E), Full disk every 15 

min, partial areas rapid scanning 

at 1 min.

Operational  since 1st December 

2022

9 Satellites in orbit
¸ 5 LEO (FY-3C, FY-3D, FY-3E, FY-3F, FY-3G)

¸ 4 GEO (79E, 99.5E, 105E, 133E) FY-3D
Afternoon orbit, ECT 13:45 

local time

10 EO instruments

FY-3E
Early-morning orbit, ECT 

5:41 local time

11 EO instruments
Operational  since 1 Dec. 2022

FY-3F
Mid-morning orbit
10 EO instruments
Launched 3 Aug. 2023

FY-3G
Drifting orbit
6 EO instruments
Launched 16 Apr. 2023

FY-3H
Afternoon orbit

9 EO instruments
Launched 27 Sept. 2025
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¸ Representative: to coverthe typical

meteorological hazards, to cover the 

typical geographic units and ecosystems

¸ Reusability: one station for 

multiple functions and purposes

3.1  Principle of Validation Network

ü Adherence to intensification

ü Making full use of the surface observation 

network, National Climatic Observatory, 

National Integrated Meteorological 

Observation and Experimentation Base, 

the Field Experimentation Base of CMA

ü Well-equipped Ecological research 

networks, atmospheric environmental 

networks, marine networks, etc., outside 

the sectors

¸ Objective: to assess the FY satellite 

products routinely, to generate the 

integrated dataset by data fusion

ü Synthesizing Satellite-Surface Time 

Matching, Multi-Spatial Scale 

Observations, and Multi-Parameter 

Model Synergy

ü Establishment of thematic ground-

based observations for the analysis 

and validation of spatial-scale 

variations in observational parameters
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3.2  Requirements of the FY Products Validation

Level 1 data ü Enhancement of automated observing capabilities, taking into account the backup of solar reflectance calibration sites and the 

addition of calibration capabilities for new payloads, such as active microwave and microlight

Radiation Observation

Products

ü Select different types of subsurface in different typical climatic zones of China for the network layout and carry out continuous 

observation for a long period of time

ü Multi-frequency sounding observations and sounding networks in areas of high weather impact with soundings or weather radar

ü Supported by cloud observations such as cloud radar; the quality control of lightning, radar-estimated precipitation, surface rain 

gauges and other observations need to be strengthened.

Atmospheric Parameter 

Products

Sea Surface Products
ü Strengthening observation and data quality control of buoy platforms in China's offshore coastal zone, and carrying out 

continuous and automated observation in remote areas

ü The current CMA space weather stations have the preliminary validation capability for some satellite products.

ü Establishment of ground-based space weather observation capabilities covering high, medium and low latitudes in the north, 

south, east and west of the country

Space weather 

products

ü According to scientific needs of validation of Fengyun meteorological satellite remote sensing product, CMA 

will carry out validation of eight categories of products

ü Increasing the satellite ground-based verification and calibration capacity for atmospheric background stations and establishing

additional stations in densely populated areas.

ü Monitoring of greenhouse gases, reactive gases, column totals and vertical profiles of aerosol concentrations, etc.

Atmospheric Composition 

Products

ü Establishment of a gridded validation system with a tile pyramid configuration to address the problem of spatial heterogeneity in the 

validation of ecological remote sensing products on the land surface.

ü Regular drone observations in areas of high site density

Land Surface Ecological 

Products

Cloud Observation Products ü The layout of ground-based cloud observation stations takes into account factors such as station spacing and the climatic 

characteristics of different typical climate zones.
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3.3  Validation and ApplicationαCloudȁRadiationȁAtmospheric Parameter ȁSea Surface etcβ

Ground-based cloud observation network- validation

ü Establishment of 50 vertical fixing millimeter-wave cloud 

radar, 35 scanning millimetre-wave cloud radar, 29

microwave laser sounding radars, 80 all-sky imagers, and 1

Raman aerosol lidar system.

Cloud Radar Satellite Engineering Ground-based Cloud 

Observation Network

ü Consistency verification of FY-3E cloud top height products

based on cloud radar: correlation coefficient (R) 0.78, root

mean square error (RMSE) 1443.3 m, deviation (Bias) - 132.1 m

Cloud top height verification
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ü Proposea cloud top height retrieval method for FY-4 satellite, which is basedon real-time calibrationof cloudradar. Thisapproachenablesthe fusion

retrieval of satellite-basedcloudtop heightwith ground-basedobservations.

ü Followingthe fusion with FY-4A satellite data, the correlation coefficient (R)with cloud radar increasesby 0.2, the root meansquareerror decreases

by 0.7 km, andthe systemerror diminishesto -0.05km

Cloud top height product with fusion of 
satellite and surface observation 

Case study on cloud top height 
product with fusion of satellite and 

surface observation

Statistical Analysis of cloud top height 
product with fusion of satellite and surface 

observation

Ground-based cloud observation network- fusion products

3.3  Validation and ApplicationαCloudȁRadiationȁAtmospheric Parameter ȁSea Surface etcβ
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ü Establishment of 54 terrestrial radiation observing systems, 2 

solar spectroradiometric observing systems, 2 lunar 

spectroradiometric observing systems, 1 instrument calibration 

system for optical spectral bands, and 1 system for verification 

of spectroradiometric manoeuvres in typical subsurface areas

working - level total 
radiometric calibration 

system

working - level total 
radiometric calibration 

system
Drone Imaging 

ü The validation of long wave radiation and ground short wave

radiation products (L2) of FY-4A: the clear sky correlation

coefficient of long wave radiation is more than 0.93, and the root

mean square error is within 27.3 W/m2. The correlation

coefficient of surface short wave radiation is 0.82.

Long -wave radiation and terrestrial short -
wave radiation product verification

Radiation observation network- validation

3.3  Validation and ApplicationαCloudȁRadiationȁAtmospheric Parameter ȁSea Surface etcβ
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WRF-SOLARFY-4ɻ -8

ü Data source: using ground-based radiation observation data and FY-4A, Himawari and 

other satellite observation data and model data

ü Product specification: spatial resolution 0.05 °, time resolution 1h

ü This fusion product has a correlation coefficient of 0.94 with the ground-based 

observation data

Model simulations, satellite-ground observations, and site 

distribution characteristics of irradiance after fusion

Model simulations, satellite observations and comparison of fused 

irradiance with ground-based observed irradiance

Radiation observation network- fusion products

3.3  Validation and ApplicationαCloudȁRadiationȁAtmospheric Parameter ȁSea Surface etcβ


