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Observation, Infrastructure & Information 
Systems  

Weather, Climate, Water and related 
environmental Services and Applications

Sensing
•Observation of the Earth 

System

Network and system 
operators: e.g. national 
meteorological services, 

satellite agencies

Data Records
•Preparation of Climate 

Data records
•Archiving, 
•Reanalysis,
•Production of long 

datasets
•Climate projections

Data Managers, Modeler, 
Re-Analyses (ECMFW, 

NCEP, DWD, JMA, 
Research, data Providers, 

etc.)

Delivery of Services
•Delivery of targeted 

information for specific 
applications or to inform 
decisions

Service companies & 
agencies, (Copernicus, ESRI, 

Google Maps, national 
meteorological services)

Decision Making 
and Implementation
•Implement actions based 

on the information

National authorities, 
insurance companies, 

private sector

GCOS

GCOS supports 
observations and 

production of climate 
the data records that 

underpin climate 
service delivery, e.g. for  

weather, hydrology, 
ocean cryosphere and 

biosphere.

Feedback on user needs and gaps in observational and data systems



Identify Needs 
- Define 

Requirements 
for ECV

Review status of 
observations of ECV

Suggest 
Improvements 

plans etc.

GCOS

GCOS
• Identifies the needs for climate monitoring – Essential 

Climate Variables (ECV)
• Defines the monitoring requirements
• Promotes these requirements
• Monitors and reports on the status of the observing 

system
• Suggests plans and improvements

The Global Climate Monitoring System
• Is a system of systems
• Is based on existing observation networks

• WMO for meteorology, water and cryosphere
• IOC and GOOS for the oceans
• CEOS/CGMS Joint WGClimate for satellite 

observations
• A range of terrestrial networks for other ECV e.g. 

glaciers, permafrost, soil carbon.



Carbon 
Cycle

Energy 
Balance

Water 
Cycle

Not just weather!

Hydrology

Weather

Biosphere

Cryosphere

Oceans

Atmospheric 
Composition

Climate Monitoring covers the whole climate system 





Atmosphere
Surface

•Precipitation
•Pressure 
•Radiation budget
•Temperature 
•Water vapour 
•Wind speed and direction 

Upper-air
•Cloud properties 
•Earth radiation budget 
•Lightning 
•Temperature 
•Water vapour 
•Wind speed and direction 

Atmospheric Composition
•Aerosol and ozone precursors 
•Aerosols properties 
•Carbon dioxide, methane and 
other greenhouse gases 

•Ozone
La

nd

Hydrosphere
•Groundwater 
•Lakes 
•River discharge

Cryosphere
•Glaciers
•Ice sheets and ice shelves
•Permafrost 
•Snow

Biosphere
•Above-ground biomass
•Albedo
•Evaporation from land
•Fire
•Fraction of absorbed 
photosynthetically active 
radiation (FAPAR)

•Land cover
•Leaf area index
•Soil carbon
•Soil moisture
•Land surface temperature

Anthroposphere
•Anthropogenic Greenhouse gas 
fluxes

•Anthropogenic water use

O
ce

an

Physical - Surface
•Ocean surface heat flux 
•Sea ice
•Sea level
•Sea state
•Sea surface currents
•Sea surface salinity
•Sea surface stress 
•Sea surface temperature

Physical - subsurface
•Subsurface currents 
•Subsurface salinity 
•Subsurface temperature

Biogeochemical
•Inorganic carbon
•Nitrous oxide
•Nutrients
•Ocean colour
•Oxygen
•Transient tracers

Biological/ecosystems
•Marine habitat properties
•Plankton

Essential 
Climate 

Variables

ECV



Energy

Water Carbon

Albedo,
Latent and 

Sensible Heat
fluxes, Land 

Surface 
Temperature

Soil Moisture,
River 

Discharge,
Lakes, 

Groundwater, 
Cryosphere, 
Water use

Soil Carbon,
Above-ground 
Biomass, Fire, 

GHG Fluxes

Radiation 
Budgets, 

Temperature 
Wind speed & 

direction

Ocean Surface 
Heat Flux, Sea 

Surface & 
Subsurface 

Temperature,

Precipitation, 
Cloud 

Properties,
Water Vapour 

Surface 
Temperature

Sea Surface 
& Subsurface 

Salinity, 
Sea Level,  

Sea Surface 
Temperature

Carbon 
Dioxide,
Methane 

Inorganic
Carbon

Sea Level Rise
Fisheries

Deforestation
Mitigation
Ecosystem Loss

Temperature
Heat waves

Coral Bleaching      
Agriculture

Human Health
Floods

Droughts
Water Resources

Storms

Ocean 
Acidification

Systemic Risks
Security

Slow Economic 
Development
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Temperature 
and Energy

Ocean 
AcidificationAtmospheric CO2

Ocean Heat

Surface 
Temperature

CryosphereOceanAtmospheric 
Composition

Arctic and 
Antarctic Sea Ice

Glacier Mass 
Balance

Sea Level

Biosphere

Heat Waves Heavy 
Precipitation

Droughts

Ecosystem 
change

Snow extent

Halocarbon GHG

Top of atmosphere 
energy balance

Water

Methane

N2O

Public Information: Agreed Climate Indicators



Examples of remote sensing of responses to climate changes

Adelaide.  SOURCE: modified Copernicus Sentinel data (2017), processed by ESA, CC BY-SA 3.0 IGO 

Ground water 
depletion in Saudi 

Arabia, GRACE 
measurements

Over extraction by 
agriculture
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ECVs include:
Land Cover

Land Surface temperature
Ground water

Anthropogenic water use
Anthropogenic GHG

Mortality increases with 
average temperature

http://www.esa.int/spaceinimages/ESA_Multimedia/Copyright_Notice_Images






https://gcos.wmo.int/en/essential-climate-variables/ecv-factsheets

Public Review of ECV requirements
January – March 2020

gcos.wmo.int



Monitoring the state of climate monitoring



Global Monitoring – Surface Observations 

• Sparse data coverage over some 
areas, especially Africa

• Other modelling centres show 
similar patterns

• This leads to poorer forecasts 
and projections in these areas

• This also contributes to lower 
skill of forecasts globally

Surface 
Observations used 
by ECMWF in their 

models



• Climate observations of the upper oceans are currently fairly well covered
• ARGO buoys reach 88% of target density and drifters 80% (with gaps in polar and coastal regions), while there are 

relatively few observations below 2000m. 
• New technologies are becoming available especially for biological parameters and for below 2000m
• However, the funding is very fragile with sustainable funding for only 28% of ocean observations, and with 52% 

requiring renewed funding within 2-3 years.

Ocean Observing System – IOC and GOOS
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• CEOS and CGMS coordinate the monitoring of the climate 
from space. 

• Their ECV Inventory lists the climate data records available 
and planned and directs users to the datasets. 

• Plot shows the number of existing (blue) and planned 
satellite-based climate data records

Satellite Based Climate Monitoring 



Systematic climate observations Decision 9/CP.152009

Development of observational networks of the climate systemDecision 8/CP.31997

Research and systematic observationDecision 14/CP.41998

Implementation of the global observing system for climateDecision 19/CP.222016

Global observing systems for climate Decision 11/CP.92003

GCOS works closely with the UNFCCC

For example:



Energy & Temperature 

Other Physical Properties

Carbon Cycle and other GHGs

Hydrosphere

Snow & Ice

Biosphere

Human Resource Use

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
  

 

 
 

 
 

 
 

 
 

 
 

  
 

 

 
 

 

 
 

 
 

 

 
 

 
 

Climate observations also support
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