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GCOS is a joint undertaking of the World Meteorological Organization (WMO), the Intergovern-

mental Oceanographic Commission (IOC) of the United Nations Educational Scientific and Cultural 

Organization (UNESCO), the United Nations Environment Programme (UNEP) and the International 

Council for Science (ICSU). Its goal is to provide comprehensive information on the total climate 

system, involving a multidisciplinary range of physical, chemical and biological properties, and 

atmospheric, oceanic, hydrological, cryospheric and terrestrial processes. It is built on the WMO 

Integrated Global Observing System (WIGOS), the IOC-WMO-UNEP-ICSU Global Ocean Observing 

System (GOOS), the FAO-UNEP-UNESCO-ICSU Global Terrestrial Observing System (GTOS) and a 

number of other domain-based and cross-domain research and operational observing systems. 

It includes both in situ and remote sensing components, with its space based components coor-

dinated by the Committee on Earth Observation Satellites (CEOS) and the Coordination Group 

for Meteorological Satellites (CGMS). GCOS is intended to meet the full range of national and 

international requirements for climate and climate-related observations. As a system of climate-

relevant observing systems, it constitutes, in aggregate, the climate observing component of the 

Global Earth Observation System of Systems (GEOSS). 

GCOS ClimatE mOnitOrinG PrinCiPlES 

Effective monitoring systems for climate should adhere to the following principles: 

The ten basic principles (in paraphrased form) were adopted by the Conference of the Parties (COP) to the United 

Nations Framework Convention on Climate Change (UNFCCC) through decision 5/CP.5 at COP-5 in November 1999. 

This complete set of principles was adopted by the Congress of the World Meteorological Organization (WMO) 

through Resolution 9 (Cg-XIV) in May 2003; agreed by the Committee on Earth Observation Satellites (CEOS) at 

its 17th Plenary in November 2003; and adopted by COP through decision 11/CP.9 at COP-9 in December 2003.

1.  The impact of new systems or changes to existing systems should be assessed prior to implementation.

2.  A suitable period of overlap for new and old observing systems is required.

3.  The details and history of local conditions, instruments, operating procedures, data processing algorithms 

and other factors pertinent to interpreting data (i.e., metadata) should be documented and treated with 

the same care as the data themselves.

4.  The quality and homogeneity of data should be regularly assessed as a part of routine operations.

5.  Consideration of the needs for environmental and climate-monitoring products and assessments, such 

as IPCC assessments, should be integrated into national, regional and global observing priorities.



6.  Operation of historically-uninterrupted stations and observing systems should be maintained.

7.  High priority for additional observations should be focused on data-poor regions, poorly observed 

parameters, regions sensitive to change, and key measurements with inadequate temporal resolution.

8.  Long-term requirements, including appropriate sampling frequencies, should be specified to network 

designers, operators and instrument engineers at the outset of system design and implementation.

9.  The conversion of research observing systems to long-term operations in a carefully-planned manner should 

be promoted.

10.  Data management systems that facilitate access, use and interpretation of data and products should be 

included as essential elements of climate monitoring systems. 

Furthermore, operators of satellite systems for monitoring climate need to: 

(a) Take steps to make radiance calibration, calibration-monitoring and satellite-to-satellite cross-calibration of 

the full operational constellation a part of the operational satellite system; and 

(b) Take steps to sample the Earth system in such a way that climate-relevant (diurnal, seasonal, and long-term 

inter-annual) changes can be resolved. Thus satellite systems for climate monitoring should adhere to the fol-

lowing specific principles: 

11.  Constant sampling within the diurnal cycle (minimizing the effects of orbital decay and orbit drift) should 

be maintained.

12.  A suitable period of overlap for new and old satellite systems should be ensured for a period adequate 

to determine inter-satellite biases and maintain the homogeneity and consistency of time-series 

observations.

13.  Continuity of satellite measurements (i.e. elimination of gaps in the long-term record) through appropriate 

launch and orbital strategies should be ensured.

14.  Rigorous pre-launch instrument characterization and calibration, including radiance confirmation against 

an international radiance scale provided by a national metrology institute, should be ensured.

15.  On-board calibration adequate for climate system observations should be ensured and associated 

instrument characteristics monitored.

16.  Operational production of priority climate products should be sustained and peer-reviewed new products 

should be introduced as appropriate.

17.  Data systems needed to facilitate user access to climate products, metadata and raw data, including key 

data for delayed-mode analysis, should be established and maintained.

18.  Use of functioning baseline instruments that meet the calibration and stability requirements stated above 

should be maintained for as long as possible, even when these exist on decommissioned satellites.

19.  Complementary in situ baseline observations for satellite measurements should be maintained through 

appropriate activities and cooperation.

20.  Random errors and time-dependent biases in satellite observations and derived products should be 

identified. 



GCOS ESSEntial ClimatE VariablES (ECVs)1
 

The Essential Climate Variables (ECVs) are required to support the work of the UNFCCC and the IPCC. All ECVs 

are technically and economically feasible for systematic observation. It is these variables for which international 

exchange is required for both current and historical observations. Additional variables required for research 

purposes are not included in this table. It is emphasized that the ordering within the table is simply for convenience 

and is not an indicator of relative priority. 

DOmain ESSEntial ClimatE VariablES

Atmospheric 
(over land, sea 
and ice)

Surface 
2: Air temperature, Wind speed and direction, Water vapour, Pressure, 

Precipitation, Surface radiation budget.

Upper-air: Temperature, Wind speed and direction, Water vapour, Cloud properties, 
Earth radiation budget (including solar irradiance).

Composition: Carbon dioxide, Methane, and other long-lived greenhouse gases; 
Ozone and Aerosol, supported by their precursors

Oceanic

Surface 
3: Sea-surface temperature, Sea-surface salinity, Sea level, Sea state, Sea 

ice, Surface current, Ocean colour (for biological activity), Carbon dioxide partial 
pressure, Ocean acidity.

Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon dioxide partial 
pressure, Ocean acidity, Oxygen, Tracers, Phytoplankton; Marine biodiversity and 
habitat properties 

4

Terrestrial

River discharge, Water use, Ground water, Lakes, Snow cover, Glaciers and ice caps, 
Ice sheets, Permafrost, Albedo, Land cover (including vegetation type), Fraction of 
absorbed photosynthetically active radiation (fAPAR), Leaf area index (LAI), Above-
ground biomass, Soil carbon, Fire disturbance, Soil moisture

1 Based on the 2010 update of the Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC 
(Draft 13 November 2009; Final version to be published on http://gcos.wmo.int by August 2010). The 2009 review copy of 
the Plan contained an additional ECV ‘Terrestrial biodiversity and habitat properties’ which was questioned in the review on 
the grounds of maturity, and is therefore not included here. A final decision will have been made by August 2010. 

2 Including measurements at standardized, but globally varying heights in close proximity to the surface
3 Including measurements within the surface mixed layer, usually within the upper 15m
4 At selected  sites and areas (e.g., coral reefs)
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