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It	was	six	men	of	Indostan	
To	learning	much	inclined,	

Who	went	to	see	the	Elephant	
(Though	all	of	them	were	blind),	

That	each	by	observa?on	
Might	sa?sfy	his	mind.	[...]	

And	prate	about	an	Elephant		
Not	one	of	them	has	seen!		

(John	Godfrey	Saxe)	



GCOS	is	a	system	of	systems		
It	 comprises	 any	 data	 and	 informa@on	 on	 the	 climate	 system	 taken	 by	 in	 situ,	 airborne	 or	
space-based	 techniques	 and	 plaEorms,	 while	 the	 ownership	 of	 the	 observing	 systems	 and	
networks	will	remain	fully	with	their	opera@ng	en@@es.		



IPCC	First	Assessment	Report	1990	

IPCC	First	Assessment	Report	(1990)	

		

IPCC	concluded	„that	improved	predictability	
of	(human	induced)	climate	change	would	
require	improved	systema@c	observa@on	of	
climate	related	variables	on	a	global	basis“	



GCOS	
established	
April	1992	



GCOS is concerned with 
 

•  the	observa@ons	
•  what	is	measured,	how	it	is	measured,	
•  where	it	is	measured,	how	measurement	is	sustained,		
•  how	change	is	managed	

•  data	transmission	
•  what	is	transmiJed,	with	what	?me	delay,	in	what	code	

•  data	management,	including	data	rescue	
•  archiving	and	access	to	raw	data,	metadata,	processed	data	
records	and	products	

•  recovery	and	rehabilita?on	of	past	data	

•  data	records	and	products	
•  fundamental	records,	including	recalibra?on	and	
homogenisa?on		

•  satellite	retrievals,	gridded	fields	from	in	situ	and	remotely-
sensed	measurements,	comprehensive	reanalyses	of	
mul?ple	observa?onal	datasets	based	on	weather-
predic?on	systems	

Locations of 36064 surface weather observations 
received by ECMWF 

09-15UTC 12 June 2012 



Evolu@on	of	the	observing	system	–	
Assessment	in	2015	

Data from IASI and NPP could not be used in 2006 version of assimilation 
system frozen for ERA-Interim. Use of data from Metop-B was not activated in 
2012 
Data from FY-3 are a candidate for use in future reanalyses 
Coverage is for SSU-1, HIRS-2, MSU-4, AMSU-A10, AIRS-40 

Source:	A.	Simmons	



Some	con@nuing	concerns,	including	

•  deteriora@on	of	some	in	situ	networks;	lack	of	progress	in	
filling	gaps	in	others	

•  limited	provision	for	limb	sounding	and	reference	
measurement	from	space	

but	many	improvements	(that	need	sustaining)	including	

•  quan@ty	and	quality	of	data	from	several	in	situ	sources,	
including	radiosondes	

•  quan@ty,	quality	and	variety	of	data	from	satellites	

•  recovery	and	reprocessing	of	past	data,	both	in	situ	and	
remotely	sensed	

•  reanalysis,	with	coupling	of	atmosphere	to	ocean	and	land,	
and	inclusion	of	chemistry	

•  conven@onal	analysis	of	instrumental	records	

•  converging	temperature	informa@on	from	various	
observa@onal	and	model	datasets	

and	evolving	requirements	

•  e.g.	for	global,	ground-based,	soil-moisture	data	to	
complement	remote	sensing	and	reanalysis	 So
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Concept	of	ECVs	published–	2014		

hJps://doi.org/10.1175/BAMS-D-13-00047.1	
Published	Online:	30	October	2014		



Observations for climate services 

Services related to climate 
for months, seasons, 
years, decades, … ahead 

Services related to past 
and present 

climate and vulnerabilities 

(Prof. A. Simmons, GFCS II side event, Cg-XVI, 19 May 2011)	



GCOS	Progress:	Improving	global	climate	observa@ons	

Support Adaptation  
& Mitigation 

 
 
 

Water, Energy and Carbon 
cycles 

Additional Essential Climate 
Variables 

 
 More help for networks in 

developing countries 

Climate Indicators 
 
 

2016 

COP-22,		Marrakech,	
Decision	19/CP.22	
SBSTA	Conclusions	

2015 2017 

ECV	Inventory:	
The	Architecture	
for	Climate	
Monitoring	from	
Space	in	Ac=on	

•  First	Regional	workshop	held	
in	Fiji	for	Pacific	Island	States	

•  Working	group	in	Lightning	
starts	work	

•  Working	group	on	GCOS	
Reference	Surface	Network	
meets	for	first	?me	



Essen@al	Climate	Variables	

“Products	 for	 specific	 ECVs	 are	 generated	 from	 in	 situ	 data,	
satellite	data	or	a	combina?on	of	the	two.	
	
The	 requirements	 …	 are	 being	 increasingly	 well	 met	 by	
products	 based	 on	 integra?on	 of	 data	 from	 a	 comprehensive	
mix	of	 in	situ	networks	and	satellite	systems,	achieved	 largely	
through	 the	process	known	as	 reanalysis,	but	also	 referred	 to	
as	synthesis.			
	
This	 involves	using	a	fixed	data-assimila?on	system	to	process	
observa?ons	 that	 extend	 back	 in	 ?me	over	mul?ple	 decades,	
employing	 a	 model	 of	 the	 atmosphere,	 ocean	 or	 coupled	
climate	 system	 to	 spread	 informa?on	 in	 space	 and	 ?me	 and	
between	 variables	 and	 otherwise	 to	 fill	 gaps	 in	 the	
observa?onal	record.”	

The	Global	Observing	System	for	Climate:	
Implementa@on	Needs,	GCOS-200,		
Sec@on	2.4	Produc@on	of	Integrated	ECV	products		

Download	from:	gcos.wmo.int	
DOI:	10.13140/RG.2.2.23178.26566	



Ac@ons	from	the	GCOS	Implementa@on	Plan	on	«Reanalysis»	

	
Ac@on	G22:	 	Implementa@on	of	new	produc@on	streams	in	global	reanalysis 		
	
Ac@on	G23: 	Develop	coupled	reanalysis 		
	
Ac@on	G24: 	Improve	capability	of	long-range	reanalysis		

		
Ac@on	G25: 	Implementa@on	of	regional	reanalysis 		
	
	

The	Global	Observing	System	for	Climate:	
Implementa@on	Needs,	GCOS-200,		
Sec@on	2.4	Produc@on	of	Integrated	ECV	products		

Download	from:	gcos.wmo.int	
DOI:	10.13140/RG.2.2.23178.26566	



ICR5,	November	2017,	Discussions	

	
Notes	about	«anchor	series»,	set	of	observa@ons	which	are	key	to	reanalyses	as	they	
reduce	uncertainty	so	much,	for	example:	
	
	
	
	
	
	

Sea	Surface	Temperature	

Sea	Ice	Concentra?on	and	Thickness	

Surface	Pressure	

Soil	Moisture	

ScaJerometer	wind	



hap://climatemonitoring.info/
ecvinventory	

32	ECVs	
available	



Global		Climate	Indicators		
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Temperature	and	
Energy	

Atmospheric	
Composition	

Ocean	and	Water	 Cryosphere	

Surface	
Temperature	

Ocean	Heat	

Atmospheric	
CO2	

Ocean	
Acidification	

Sea	Level	

Glacier	Mass	
Balance	

Arctic	and	
Antarctic	Sea	Ice	

Extent	



Global		
Climate	Cycles	

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	

Radia?on	
Budgets,	

Temperature	
Wind	speed	&	

direc?on	

Ocean	Surface	
Heat	Flux,	Sea	
Surface	&	
Subsurface	

Temperature,	

Precipita?on,	
Cloud	

Proper?es,	
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 



new	GCOS	Implementa@on	Plan	aims	to	improve	monitoring	of	
Global	Climate	Cycles	

• Carbon	Budget	
•  Quan?fy	fluxes	of	carbon-related	greenhouse	gases	to	+/-	10%	on	annual	
?mescales	

•  Quan?fy	changes	in	carbon	stocks	to	+/-	10%	on	decadal	?mescales	in	the	
ocean	and	on	land,	and	to	+/-	2.5	%	in	the	atmosphere	on	annual	?mescales	

• Global	Water	Cycle	
•  Close	water	cycle	globally	within	5%	on	annual	?mescales	

• Global	Energy	Balance	
•  Balance	energy	budget	to	within	0.1	Wm-2	on	annual	?mescales	

•  Explain	changing	condi@ons	of	the	biosphere	
•  Measured	ECVs	that	are	accurate	enough	to	explain	changes	of	the	biosphere	
(for	example,	species	composi?on,	biodiversity,	etc.)	



Considera@ons	

• How	well	do	exis?ng	requirements	match	with	the	targets	for	cycles?	
• What	changes	are	needed	to	the	requirements	to	meet	these	targets	
•  Are	any	addi?onal	parameters	needed	to	close	the	cycles?	

•  Can	they	be	proposed	as	ECVs?	
•  Are	the	targets	for	the	cycles	reasonable	and	prac?cal?	

• Climate	cycles	cross	domains:	atmosphere-oceans-terrestrial	
•  Science	panels	will	need	to	collaborate	on	each	cycle	

•  Should	GCOS	hold	workshops	on	each	climate	cycle?	
• How	should	GCOS	make	this	process	authorita?ve?		



Adap@ng	to	a	changing	climate	–	what	observa@ons	are	needed	?		

“Virtually	all	observa@ons	
support	adapta@on.”	
	
“We	must	model	what	we	cannot	
measure	(or	predict	with	global	
systems).”	

Adrian	Simmons,	Workshop	on	Observa@ons	for	Adapta@on,	DWD,	Offenbach,	Feb	2013	

Presenta@on:	“The	Global	Climate	Observing	System:	Observa@ons	and	products	from	global	to	local”	



gcos.wmo.int	
@gcos_un	

hap://climatemonitoring.info/
ecvinventory	


