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Introduction

= The CCI Context

= Objective of the CCI

= CCI Achievements

= Toward a CCI-2



Global Framework for

Monitoring Climate

GCOS Essential Climate Variables (ECVs)

Surface Air temperature; Precipitation, Pressure,
Surface radn budget, Wind

Clouds, Wind, Earth Radn Budget
Upper air temp, water vapour

THE SECOND REPORT ON THE ADEQUACY

OF THE GLOBAL OBSERVING SYSTEMS FOR
CLIMATE IN SUPPORT OF THE UNFCCC Atmosphere Upper Air

EXECUTIVE SUMMARY

April 2003
GCOS - 82 (E5)

(WMOITD No, 1143)

Strategy Towards an Architecture Surface
e *~  for Climate Monitoring from Space Ocean Sea state, Salinity, CO, partial pressure

ook OMED (3S1CS ”
S10NS. il
teem senes

Sub-surface Temperature, Salinity, Current, Nutrients,
Carbon, Ocean Tracers, Phytoplankton

Terrestrial | Glaciers & Ice caps, Land cover, Fire disturbance, FaPAR, LA

bedo, Biomass,Lake levels, Snow cover, Soil moisture, Water
, Ground water, River discharge, Permafrost, Seasonally
en groun_

13 ESA/CCI GEUMETSAT

- ECVs SAF ECVs + Other providers, e.g. NOAA,
_
NASA, GMES....




WMO of lNFTO

WORLD METEOROLOGICAL INTERGOVERNMENTAL
ORGANIZATION OCEANOGRAPHIC COMMISSION

THE SECOND REPORT ON THE ADEQUACY
OF THE GLOBAL OBSERVING SYSTEMS FOR
CLIMATE IN SUPPORT OF THE UNFCCC

EXECUTIVE SUMMARY

April 2003
GCOS - 82 (ES)

(WMOITD No. 1143)

URITED NATIONS INTERNATIONAL COUNCIL FOR
ENVIRONMENT PROGRAMME SCIENCE

INTERGOVERNMENTAL
OCEANOGRAPHIC COMMISSION

OR THE
FOR CLIMATE
FCCC

INTERNATIONAL COUNCIL FOR
SCIENCE
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o, i e o Essential Climate Variables
" OBSERVING g @ @ # Part Of System of Systems (ECV) aCCOI’dlng tO GCOS
= GEO & .| requirements
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ESA Ministerial Council, Nov 2008:

Approval of 75.5 M€ for a six year programme that will contribute to about twenty
satellite-based ECVs. A strong interaction with the scientific community is an
essential part of the programme. (Funding since increased to 95 MEuro)

The CCI initiative will ensure that ESA can play a full role in deriving relevant
ECVs specified by GCOS, based on ESA current and archived EO data. ESA
will work with CEOS agencies to ensure as complete a coverage of the entire
suite of ECVs as possible.



Objectives of the CCI

Realise the full potential of the long-term
global EO archives that ESA, together with its
Member states, has established over the last
thirty years ...

... as a significant and timely contribution to
the ECV databases required by the United
Nations Framework Convention on Climate
Change

6 Years > 90 Meuro



CCIl Objectives

= Respond to GCOS Requirements for UNFCCC

= Puts European scientists at the forefront of
generating Satellite based Climate records.

= Strengthen European Research Communities
presence in IPCC Assessments

= Take benefit of the 30 years investment of
ESA Member States in EO Global
Observations



Al
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Cycle Cycle

Precipitation Priority 2  Priority 1

CO2 Priority 1  Priority 3

Consolidated

WGClimate WEIEUCUSE GCOS

Courtesy J. Bates



Achievements

Creation of a European EO Climate Science community

Facilitate the scientific cooperation between the
Climate Observing and Modelling Communities

Develop a protocol for Climate Quality Algorithms
Evaluation in an international context.

Delivered fully Error Characterised Climate Data sets,
first for many ECVs

Provided up to date validated scientific data sets to
support International Climate Policy and decision
making.



CCIl Products Time Coverage

Phase 2

Cloud
Ozone
Aerosol
GHG

Sea Ice
Sea Level
SST

Ocean Colour
Glaciers
Ice Sheet
Land Cover
Fire

Soil Moisture
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Further Achievements

= Generate peer reviewed publications in high
Impact scientific journals by European
Scientific Community ( =170 publications)

= Pave the way for the ECV component of the
Copernicus Climate Change Services,

= Facilitate the Sea Level Closure Budget by
strengthen dialogue between Glaciers, Ice
Sheets and Sea Level research communities,



Sea Level (mm)

CCl closure of the global sea

level budget 1990-2014

35[ —— GMSL_MEAN 2.75 +/- 0.13 mm/yr
—— GOM_MEAN_grace 1.36 +/- 0.16 mm/yr

3oh Thermosteric. ORAS4 _0_6000m 1.32 mm/yr
25
20F
15F
10F

5 =

0 1 L L L L L

2003 2004 2005 2006 2007 2008 2009 2010

Time (yr)



Comparing Land Cover
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New land cover concept to
enhance consistency among

terrestrial ECVs

. CL
Land Cover State Land Cover Condition m@

Earth and Life Institute - Geamatics.

describing along the year the dynamic components

describing the stable elements of ] : >
of terrestrial surfaces (vegetation phenology, flooding,...).

terrestrial surfaces in a consistent way

c
* NDVI § o3 _
_ _ _ . k= inter-annual
Multi-year time series 29 03 P M
22 LC classes analysis at pixel level e g e . annual
= ' ’
. T R P ,
g 2 S
E s 0’2 - LS Q/
ﬁ E ‘d‘ -t 2 nE ‘h‘
$Eors T T e
5§23
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| = 0 4 8 12 16 20 24 28 32 36
| x Time (10-day period)

%:B; Occurrence 1

Probability o5 09
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i ] ] 0O 4 8 12 16 20 24 28 32 36
+ Uncertainty information at class level Time (10-day period)

(Defourny et al., 2012)



Assimilating SM into GLEAM
Evapotranspiration Model

LEFVERS

PUBLISHED ONLINE: 8 DECEMBER 2013 | DOI: 10.1038/NCLIMATE2068

El Nifo-La Nifia cycle and recent trends in

continental evaporation

Diego G. Miralles', Martinus J. van den Berg?, John H. Gash®*, Robert M. Parinussa®,
Richard A. M. de Jeu?, Hylke E. Beck?, Thomas R. H. Holmes?, Carlos Jiménez®, Niko E. C. Verhoest?,

Wouter A. Dorigo’, Adriaan J. Teuling® and A. Johannes Dolman?

n
(=

E Anomalies [mmyr~]
o

o
=]

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

—el == @2 ~-e3 ~~-e4 --e5 -~trende! --C-C FHSOI multi-model -~ Jung et al. (2010)

Global trends in evaporation 1980-2012, based on GLEAM



~ esa

= Target user: Climate Modelling & Re-
analysis community,

= Provide an independent view of the
datasets and associated uncertainties,

= Study consistency between ECVs,

= Demonstrate applications for climate
modelling to accelerate use by the
climate/reanalysis communities.

UK Met, ECMWF, MPI-M, Meteo France + SMHI, DLR, University of Munich



Precision
0.19K

SST

Time

Representativity
and sampling

I

Bias or accuracy 0.1K

SST Anomaly (“C, wrt 1961-90)

Stability 0.05K/decade

0.6

0.2

ATSR-1 ______ ATSR-2

—— ARC D3
........ ARC D2
—— HadSST3

AATSR

1 1 1 L 1 1 1 1 1 1
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year




Soil Moisture

CCl-SM

= 900~ T — £
% G ————————— L -w'r’*’fi"r‘r"l-"i”r“h"” R 00
maﬂ'“.{ln;qqf d¥ b8 L = L 0.35
S ool ittt T WABAANERE M9 4= 030
% _3[}[:_" CHL ._.i -'-I_I IIII ulllllllll*lili'*l LﬂTLLtTL.l nzn
S L EACEN £ b 0.15
E‘ -60.0F _I""_._"E_.E.._H'.__ s .ai s LR —T-'-r -ﬂ.—ﬁ,—-.—L'..sz—‘--i 010
1% 0.05%
£ 0.0 ) i 0.00
. 90.0¢ ERA — Iinterim 050
E 5 5l - - - ——

n

% T R T T N T R R N R S e Ny o

e X3dAiiiidiiddiiiiidiiiiiibalidi 2133
T _30.0 |

E L T = - i - i-——_—-—.-r-li-ul_lr.-h -|-—|- ----_-—-u--ii-.- 015
o

e

a

)

o

g EEEE’E"EEEEEEE

2 SRR

®

Max-Planck-Institut

fur Meteorologie LOEW et al., 2(

©)




CCl soil moisture anomaly

1978 1980 1982 1984 1988 1988 1990 1992 1094 1996 1998 2000 2002 2004 2006 2008
I I I I I I I I I I I I I I I

0.05— —

0.00

55N
—0.05—

Volumetric Seill Moisture gnomaly (m®/m®)

AMSRE-E

—0.10 I I I I I I I I I I I I
1278 13980 1982 1284 138& 15988 1230 18%2 1834 1986 18223 2000 2002 2004 2006 2008




Met Office

CCI assim




Met Office

RMS error (uatm) | Correlation
Control 84.2 0.06
GlobColour assim |70.8 (-16%) 0.38
CCl assim 68.0 (-19%) 0.44
In situ fCO,
observations

from SOCAT
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CNRM-CM, Arpege

3.1 FOAM X Assimilation

3.2 ERA-Clim X Assimilation

3.3 MACC-II X X Assimilation

34 JSBACH, TM3 X[ X | X | X Assimilation

3.5 LMDz, ORCHIDEE X| X | X | X Boundary Condition

3.6 MPI-OM, MPI-ESM Assimilation (Polar Regions)

3.7 EMAC-MADE Comparison

3.8 RCA HARMONIE X Comparison/Eval (CORDEX Africa)
3.9 Arctic HYPE X X Assessment

3.10 CNRM-RCM X X Comparison (Med CORDEX)

Boundary Cond

IPSL-ESM

Boundary Cond

5.1 ESMVal X| X | X Tech Infra ESMVal CMPI6
5.2 ESMVal X| X | X Int of CCl metrics
5.4 CMF X X X Web interface CMF




Re-analysis

Observation CCl ECVs

(S5T,03, 55H, Aerosols, ...}

“ Feedback to

“Eata providers

"
™
1
]
Input Boundary Model = Obs
Data Confrontation

Conditian

Data




Climate Monitoring Facility

(CMF)

Product stream W ' I Date GQuantiy
Variable |#] |S5T . Trop Qcean| 3 | Variable:YearMonth | #| | Mean datum s

UPDATE DATABASE CATALOGUE!! | [GET ME THE STATSTIGS L || | GET ME THE TIMELINE!!! | | CLEAN-UP REGISTER!!! |

1300 1510 1810 1310 180 1

ERA-40 19572001 || ERA-20C (10Ens)  1899-2011
P mm-zmé ERA-Interim 19792012 || CERA (prototype,2)  1899-2009
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| ’ ] 'FT : s
¥0
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Global mean total column O,

ERA-Interim is
10DU lower
than MACC or
CCI and annual
cycle is much
less.

MACC
reduction In
ozone in
Autumn 1Is
more rapid than
CCl.



O3 CCI data store

M@
 OMI DOAS (KNMI

'MIPAS (ESA)

Impact vertical resolut. Impact of viewing geom.

"*’«*

e
Algorlthm Round Robin




Merged TCO,
(Glob mean anomaly)

-20
1597 1898 1388 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011

Instrumental anomalies?

GOME-SCIA adjustment (in 2002)? or

Real atmospheric signals?

They are likely real signal related to anomalous ozone changes at

high latitudes in the NH (March 1997) and in the SH (split of the
polar vortex in September 2002)

/ / /
0‘0 0‘0 0‘0

4

o0

D)



CMIP DECK

Goal:
ESMValTool as
one of the CMIP
documentation
functions to
routinely assess
the performance
of CMIP DECK
and CMIP6
simulations
running
alongside the
ESGF

Characterizing _ X

Clouds /

Chemistry/ circulatlon . Ocean/
aerosol'g:f — " 2

forcing 4

Ko "Decadal
‘l?{‘ta\}, predlctmn
i | (] ‘

_'-'.f-““ — Ileglonal climate /

Carbon
cycle Geo- extremes
engineering

Meehl et al., EOS, 2014
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Data vs Model Confrontation

= Multi-view assesssment

- Confrontation (CMF) — Assimilation (Re-analysis) — BC
Forcing (AMIP) — Process studies

- Core-climax .. ?
= Multi-variate consistency

= Uptake Climate Modelling Community
- Obs4MIPS, CMIP6 ESMVal metrics, ESGF

- Feeding in other activities e.g. H2020 calls, ESA Ocean
Heat Flux (GCQOS)



Glacier products

|| | ' -
= I === dh/dt Elevation change
B a 2 47 Hindu-Kush (HI) 27
= & e £
Rt e area trends , £
o 3 s g g
B o f g ° L ' E :
TR rom e — N
L= - E‘;ﬁ! 04 F005  P00S :m: 008 2008 Egm
R —— altimetry i
£ = 2] st Nepal (17) frarsihandand
W= ——~ § .,
i i "
2 2
I i
: 3 s . )
] o { = Nh 2004 2005 2008 2007 2008 2008 -
. } R B d ear (1 Janusey)
&\ﬁ.‘ & .. Ut ata £ ?[ East Nepal and Bhutan (NB)
24 LTI - -
e need to be =er=
"‘ R - E-: —_— ;:IIE.M!
N provided! JB§ 3
R g_m Py 200 2007 008 e
Bhutan / Northern Basin w war (1 Januey)
Theri Kang No 14 S+N — L )
: | B EE . - b : @
Ice velocity nﬁrfgm 2 ASTER sggeﬂs_. E i = :;: :;, ' /’:‘ P .‘
Jan 2001 -Nov 2001 M =33 it o i
~s-0 v > a
= ,ﬁﬁ‘ : p
| e k- . 9 ¥
| ERRES o= . R
- ] 2
o &;\,’

..4%4%°  mean changes from
DEM differencing

Displacement
Vectors




Toward a programme

extension

= Maintain European contribution to the CEOS
coordinated response to GCOS,

= Involve the European Science Community in
the development of new ECVs,

= Further enhance European Research
Communities presence in IPCC Assessments,

= Capitalise on new Research Missions to
Global Climate Records.



+ THE ESA EARTH OBSERVATION PROGRAMME

Meteorological Missions
drmeen maisly by Weather foretasting snd Climate
manitaring needs. Thest missians diveliped in
pastnerhip with EUMETSAT includy the Metearologiol
Operational satellity progamme (MetOg), forming
the space sagment of EUMETEAT's Palar System
[EPS), and the new genwatien of Geastatisnary
Meteasal satelltes [MSG & MTG satelkies]

Copernicus Sentinel Missions e sw
lisers meeds |n costribute i the European Global Monitating of
Emviranment & Security (GMES) mitiative, Thess satellite misgiens
developed in parmmership with the EU el C-bad (maging radar
[Settinel-1), high-reschution eptical (Sentinel-2), optical and infrared
radiameter (Santinel-3] and atmespharic omposition menitoring
apabbiy [Sentiel-4 & Sentmel-5 on board kel messing MTG

ant EPS-50 respecivelyl

Earth Explorer Missions awenby scemiteneess ~ Missions

tu acvence our iederdtandiny of how the poear, almosphere, With
ydrasphate, ryssphine and Easths intirler operate and intarart Partners
i part of & |stercansected gystem. Thess Ressarch missions,

explsiting Furpe's exceBence in becknebigicl innavation,

pase the way towands new devabspment of future B0 applications.
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