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Interface of CCl data to climate services

1. Introduction

The purpose of this @oment ii to demonstrate how CCI climatatasetsand CMUG
validation work of those datasecan support the aims and objectiveCaipernicu Climate
Change Services (C3S). Theints made in this report are ¢ applicabl« to climate services
in general. This report coveaspects of thwider Copernicuprogramme wtre relevant. It is
conceived as an incremental updaom the first CMUG D7.1 document (versil.0).

1.1 CCI Climate Modelling User Group (CMUG)

CMUG is the Climate Modelling User Group of ther@éte Change Initiative (CCI) of ti
European Space Agency (ES, to which itbrings a climate system perctive. CMUG does
this by applying CCI datasets in climate mocand reanalyses usireggrange oapplications
andtechniques, by examinirclimate consistency between CCI datasets, and by devel
tools for evaluating both models and diCMUG has recely conducted an extensive surv
of user requirements (CMUG URD, 20, and maintains a dialogue with key internatic
coordinating bodies and research centres with eifspanterest or stakeholder role in clime
services (ECMWF, EEA, JRC). All theCMUG activities were used to inform this rej.

1.2 Copernicus Climate Change Service (C3S)

The CopernicusClimate Chang Service (C3S) formspart of the larger Copernicus
programme, theEuropean Union EU) Earth observation programmfor operational,
independent and accurate data and information omoemvental and security matters -

Europe which started iApril 2014. Copernicus consists of tsix maincomponent (Figure

1) thatare in different development stageFigure 2). Copernicuss structued as a user
driven programme, building on existing national aBdiropean capacitiesproviding

continuity with past and curre activities. C3S, whichs currently under development, w

provide Essential Climate Variabl (ECV), climate analyses, profgans and indicators

temporal and spatial scales relevant to adaptatiwh mitigation strategies for tidifferent

secbral and societal areas of the EU. Information @w lthe CCI can support the C

comprises the largest part of this report althoiother Copernicus services (e.g. La

Atmosphere, Marine) are also included when rele
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Two aspects of the C3S relevant to the ESA CCllshioe kept in mind
« The C3S is an operational service thus no resemtivity as suckcan be funded as
part of its work;
e The EQ/ selection will result from an open and compeétiiender process that
interested parties, including CCI, will need totboough.

The C3S requirements for the E( datasets ar specified in the C3S ITT ¢ C3S_312a
published on 24 February 201

At the time of writing,C3S had issued nine ITTs (one per ECV) and seleittednine
consortia to deliver operational ECVs of Sl, SSISTSO3, Aerosol properties, GHG, S
Glaciers, and Albedo/FaPAR/LAI. EigICCI consortia successfullgesponded to C3ITT

calls to transfer theioperationalactivities to the C3SAdditional C3S ITTscovering new
ECVsare expected to be issued in the coming mc

1.3 Role of CMUG

The CMUG was established in 20to provide among other thingsdependent feedback «
the CCI ECV data quality and documation. This followeda recommendation of the C
ClimateScientific Advisory Body and ESA’s Earth Sciencevisthry Committee t “Bring an
integrated climate system perspective within thd @@Ggramme and to provide orum for
the Climate Modelling Community (CMC) and -analysis community to work close
together with the data provide. This motivation is just as relevant C3S as a user of
climate data.

With the establishment of the C3S, it is importemtecogrze that the role of CMU(could
be adapted to provide ti@&CI with and interface to the C3%perational service. Althoughis
document focusesn the CCI ECVs and on how their scientific anchtecal features mes
the potential requirements of an opernal service like th€3S, here a mention is made to
area of possible adaptation/extension of the CMW& rto account for the changii
international scenario.

An important area of C3S represented by the Evaluation and Quality Con&QC) of all

operational products that will be incled in the C3S data store atie sectoral informatic

system product® comparison othe C3S EQC ITT (2015nd the CCI CMU(Statement of
Work (2014) highlights a number of common elements betweenethe® activities. An
account is presented in tabl

Although in two different contextshis clear overlap between the CMUG and C3S | will
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need to be exploited to the benefits of bactivities, for instance in the definition al
application of evaluation and qity control best practices. From the CCI perspegtifie ust
of a standardized, common methodology could fatditthe future uptake of new resee
products or of product upgrades by the operatiGaaliice. From the C3S perspecti
selection of new mducts would be eased if these were assessedarsioigg others the sar
metrics and methods used by the EQC on the opeahdata.

At the time of writing, theconsortium to deliver thC3S EQC functionfor ECV products
from satellite and in situobsevations has been createxhticipating to 1) clarify use
requirements for observations, 2) establish a ¢éndata inventory, 3) assess a sele
number of ECVs, and 4) make recommendations on @8lopment durin2017.

1.4 Road map for this report

The consideration of CCIl data and CMUG validatidmatevance to C3S is covered in fc
chapters in this report.

Chapter 2 covers scientific features of CCIl datd @MUG analysi which makes ther
suitable for use in C3S (either directly or in conation with other datajnd applications of
CCl data for users (excluding resear

Chapter 3 covers architecture and technical of @& that need consideration by both (
and CCI.

Chapter 4 covers tools for serving, processing amalysing ECV dat Potential synergies
with the C3S climate data store, currently beingettgped, should be explored. C3S will a
provide users with state-tifie-art tools and software for data manipulation (Seapter 3)
However, it is important to recognize that « climate services and users willing to exp
the CCI data might not have a rea-available toolbox and therefore may wish to t
advantage of the CCI data port

Chapter 5 covers the main institutional interacticand linkages between the CCle
institutional and structural components of Coparsj@and other actors in this fie
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EQC mandate
(C3S_511TT)

EQC will conduct activities to monitor th
technical service performance using stande
key performance indicators (e.g., timelines
data access and availability, etc.) as well as
scientific quality of the delivered produc

The EQC function will design routine
reporting procedures to inform CMWF and
the Commission about the outcome of

investigations and propose appropriate ways
improve the service.

This [EQC function] includes identifications o
priorities  for updates, upgrades ar
modifications of the operational productio
chain.

This [EQC function] also includes a proactiv
engagement with user (via surveys, report
structured/unstructured interviews an
workshops) to ensure that user requireme
are appropriately reflected in the design a
content of the CDS.

The EQC will also provide recommendations
the European Commission about needs
additional R&D efforts.

The EQC will provide the appropriate link
between research and operatio

CMUG mandate (SoW
CCI-PRGM-EOPS-SW-13-0043)

In Phase 1 (P1;MUG has provided CCI tearr
with independent feedback on their documentati
and the quality and gitability of the CCI product
[CCI Satement of Work (SoV 2009; 2012]In
Phase 2 (P2), CMUG shalProvide independer
feedback on CCI products and documents to E
and the CCI teams.

Within P1,CMUG has developed methodologies
assessment of predrsor data sets ... to prepare f
the assessment of CCI producCMUG, through
ECMWF, has also developadClimate Monitoring
Facility (CMF) tool to ... rapidly investigate th
homogeneity and consistency of climate c sets
...[CMUG SoW 2002]

In P1,CMUG provided feedback to the tean
recommending some potential improvement ¢
tailoring of productsand will be continued in P2

In P1 and P2CMUG has also been p-active in
building links with European and iternational
climate research activities..

In P2,CMUG shall update the [user] requiremen
captured in P1, and extend them to new clim.
applications. It shall inventory and review ... t
community, their ... needs / priorities (going beyo
CCl selected EWs), and their particular needs fc
CCl-related variables.

CMUG shall also assess the fitn«-for-purpose of
CCI products for the climate modeg and service
communities angrovide recommendations fc
future developments

CMUG shall explore ways towards sustain
processing of CCI products, in particular withiret
framework of the operational Climate Serv thus
act as a link between research and operatior

Table 1: Side-bgide comparison of the C3S EQC and CMUG mandategefised in the
C3S_51 ITT and in the CMUStatement of Work§oW) 2014 respectively. Text irtalic is
taken from the referred documents; text in boldhhgts the commonalities between C

EQC and CMUG.
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2. Scientific features of CCl data relevant to C3S

2.1 General scientific features of CCl data

The current set of thirteen CCI EC have achiegd, or are close to achieving tfollowing
specifications:

e are decadal donger time sca datasets

* have good global and regional covel

* have high temporal resolution («-daily to monthly).

* havegood uncertainty characterisat and good estimate$ aandom error

* show accurate and realistic climate variak

» show realistic estimates of long term climate ts

» are validated (often agairin situdata) homogenoukjgh quality climate da

* have excellent provenance to sol

» are already well linka to user communities (mostly research but includbers
A summary of these featurfor each ECV is given in Table But see Annex 1 for the fu
scientific and technical specifications and potrfor application in C3:

. . Uncertainty Shows Meets GCOS
ECV timescale |coverage | resolution descriotion trends requirements
p q
Atmospheric
Clouds 2007-2009 | Global 50 km yes partly
Ozone 1996-2015 | Global |100-500 km yes partly
GHG 2003-2014 Global 10-60 km Yes” yes partly
Aerosols 2001-2013 | Global 13-24 km yes partly
Oceanic
SST 1991-2010 Global 4-25 km yes yes yes
Sea level 1992-2010 Global |0.25 degree yes yes
Seaice 1978-2008 Global | 25-100 km yes yes partly
Ocean colour | 1997-2012 Global 4 km yes yes
Terrestrial
Glaciers 1984-2011 Global | 30-170 m yes yes
Ice sheets 1991-2012 |Greenland| 0.25-5 km yes
Land cover 2000, 05,10 | Global 0.3-1 km no
Fire 1995-2010 Global 0.3-1 km yes partly
Soil Moisture 1978-2010 Global 50 km yes

Table 2. Summary &y scientific properts of the current CCl ECsee Annex 1 for fu
details).”Description isincluded in othe GHG-CCldocuments and not available a:
standalone report.
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2.2 Specific features of CCl data

A number of specific features characterihe CCl ECVs desirablem any dataset that cou
be contemplated by an operational, -driven service like C3Sn addition to the gener.
features summarized in section 2.1. These incl

» User requirementbasec datasets: The user requirements set by GCOS (acron
not defired in the text are defined in section 6, GCOS, 2Q0&1) were considered
starting goal requirements for the CCI ECVs. Iniidd, potential CClI ECV users a
periodically engaged to provide applica-specific user requirements for each E(
These equirements are independently collected by CMUG aach CCI team t
reach as many users and sectors as possible, taeyoaumented and periodica
revised. All the collected requirements constittite goal towards which the Ci
ECVs have been derive Many of these user requirements have now been See
Table 6 in Annex 1.

* Algorithm Maturity: Most CCI teams have reached a good algorithm ntgf
resulting from i) objective algorithm selection dbhgh Roun-Robin inter-
comparisons of available Euron models, ii) identification in the select
algorithm(s) of areas in need of improvements tetntiee user requirements, iii) ful
documented ATBDs, iv) fast tu-around with typically ongrear cycle required to ¢
from updating the algorithm to releag validated datasets to users for most
ECVs.

» Data Maturity: Each dataset is fully characteriz Metadata is included with ea
product.Fully documented uncertainty characterization vgttantitative estimates
pixel level for L2 data in most ca:. Userfriendly flags are routinely included in t
ECV product format and specificatic Fully validated datasets by each ECV Clirr
Research Group and independently by CMUG. Details data format, dat
compliancy, levels of processing, and data acare given in chapter 3. Many C
ECVs were both selissessed and assessed by the-CLIMAX consortium using
the Core€LIMAX Data Maturity Matrix before anduring the2014 Core-CLIMAX
Workshop.

» Temporal coverage:An important element of CCl was to cre long, consistent tirr
series of ECVs exploiting a number of availableelliéé instruments. This we
achieved by applying the ECV st-of-the-art algorithm selected through the ro-
robin exercise to different sensors. Whenever agble, the sing-sensor datasets
were merged together to produce longer time seA#t®ntion was paid to int-
instrumental biases to avoid sudden, unphysicapgim the obtained recorc

» Consistency:This aspecis considered at many levels. Phase 1, all CClI teal were
encouraged to use the same source of a priorint#ton, namel the ERA-Interim
reanalysis. Thisspect we achieved throughout the CCI. llanc-Sea Mask (LSM)
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and a Freshwater Mask have been produced by theé Caxer project and other Ci
teams ad independent researchers are encouraged to serttesks for consisten

(see also section 3.5). Consistency bet\ different CCI ECVs is the main topic

the CMUG Phase 2 work (see section 2.3) and a despkerstanding will beconr
available througout and by the end of the project. Nonethelesangies of improve:
internal consistency with other model variables/ando-CCl observations used

the user models has been already documented feegadsimilation of the CC
GOME-2 ozone profiles iproved the fit to the assimilated AIRS o0z-sensitive
radiance, CMUG QAR 201EL. Activities are also omgoing to improve the acrc-

ECVs consistency. For instance, Aer-CCl and CloudcCl collaborate to ensure
consistent interpretation in their owrgorithms of the same measurements when
are found to be either clo-affected or aerosol-affected pixels.

* Added value: Many of the assessments performed to date confiengtiality ofmost
CCI ECVs and their potential added valueseveral applicatins. This is corroborate
by the wide use of many CCI datasets in internatiassessments like the IPCC A
and the 2014 WMO Ozone Assessment, as well as byfdheseen usage
forthcoming activities, for instance the use of ma&E-CCl products in th ERA5
reanalysis.

* Documentation: For each CCI ECV, the following documents are miplavailable
and periodically updated: Algorithm Theoretical Basis Documerii) Uncertainty
Characterization Report; iii) Product User Gi; iv) Product Validation Fan; v)
Product Validation Int-comparison Report; vi) Climate Assessment RepoftRC
vii) System Specification Docume¢. Results are also documented in peer revie
papers (an excess &BE papers have already been publishe the CCI). All the
abovedocuments are reviewed by CMUG. In addition to ECV CAR, feriodic
assessments are independently carried out by CNCMUG QAR 2015, ee also
section 2.3).

In addition to the value of each single ECV, itwerth mentioning and should not

underestimged that the CCI programme has brought togethensists from a very divers
background and originally dedicated to tackle dpestientific questions, creating a clos-
linked community. This community has blossomed Withhe and has promoted a nurr of
crossECV studies to improve their products (as discusdEve between Aerosol and Cl+
CCl), and to address and explain some of todaysaté change signatures. An example
the latter is represented for instance by the dl8es-Level rise. Aproject is currently c-
going to achieve the Seaevel budget closure. This project involves all G€dms that wor
with ECVs relevant to or that could have a beaongSL changes, for instance Gla-CCl
and Sea Ic&Cl, and might also provide infornion relevant to climate change services
their users.
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2.3 Potential applications for CCl data in C3S

Detailed C3S ECV data requirements have not yeh lpeblished. An IT is currently in
preparation and expected to be published bybeginning of 2016 Thus, at the time ¢
writing one can onlynake an educated gu on what will be the ECV data requireme
included in the C3S ITT call based on the likelpd® of the service use

The C3S will be concerned with a variety of userd sectors, irluding:

* Climate monitoring and attributit

* Reanalyses

» Seasonal forecasts

* non-modelling tmate application

* Adaptation community (irluding EEA)

» Mitigation community (inluding national governments and the |

» System users (for instance town planner, rnmentsClimate services at a natior
level, for example the Climate Change Risk Assessmemeefiser requirements
the UK with respect to addressing climate changdiffi@rent systems and sect)

» Sectoral users in the following sectors: watgriculture, forestry, fisheries, ener¢
health, insurance, tourism, transport, infrastrigstnatural environmel and others

Arguably, all CCI ECVs have a bearing and colbe usefulin one or more of thes
applications and sectors.

It is recognized thataeh category of data useéand sector listed aboveve very specific data
requirements. Th€CI has put us-requirements at the centre of its activity sineesiart.
Detailed userequirements have been collected independently MG andby each CCI
team through surveys and «to-one interviews with expert users, documented
periodically reviewedDocuments can be finat the CMUG and each CCIl E( web site
accessible through the C@brtal. These together with the GCOS ECV data requirerr
have been considered the goal each ECV strove teeel

Here, we want to link the applications and validiatwork performed by CMUG on the C
ECVs to the above list so as to demonstrate the CCI climate datasets can support
aims and objectives of C3S.

In its Phase 2 the CMU@ork dealswith many ECVs at once, in most cases, assimilatit
model evaluationjncluding boundary conditions, usingoth global andregional climate
models. Different levelof data processing are also considered. overall work is
summarised in table &here the final column gives an indication of paéi@nclimate user:
and applications these assessments could be reten
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In addition, two tools are under development by GMthat are also relevant for the
assessments in particular and those of climate producia general: thteSMValTool and
the CMF. The former will be used to evaluate climate medérough the defition of a
number of matrices; the lat will enable users to rapidly investigate the homogeraaity
consistency of climate data sets by comparin-defined diagnostics.

A Quality Assessment Report will be published ewsegr providing updates on " table 3
assessments. The firstvo reports were published iseptember 202 and July 2016,
respectively Here a few selected highliglfrom these reportare preseied, grouped in four
main themes Comparison with otherobservations Model evaluation, Assimilation,
Consistency in climate produ. For more detailed informatiothe reader should refer to t
published documen&CMUG QAR 201!, 2016).It should also be noted that many of th
assessments still need to produce and/or conselitiair reslts, which will be discussed
the next two QARs. So far, the following can beds

1. Comparison with other, non CCI observation: and precursors:

a. A good agreement was found between -CCl Aerosol Optical Dept
(AOD) and AERONE" with a ratio between the@ AOD and AERONET
collocated data of 0.t

b. The OCCCI products were found to be equal quality to the GlobColc
product. The global mean and spatial standard deviationhef ®C-CCI
chlorophyll products are also more stable with tthanGlobColour

c. A comparison of th«CCIl and NSIDC Seacé concentratics shows that the
Arctic sea ice area computed from SICCI data liesvben NAS/~Team
(Cavalieri et al., 1984) and Bootstrap (Comiso,3)9%atasets from NSID A
major advantage of the SICCI producth respect to other datasets is its e
characteristics. The different types of uncertamiprovided with the datas
allow for more accurate studies, e.g., on the eatadn of model physic

d. The SICCI ice thickness product with other data pobsl deived from
observational time series reveals a substantialip@bias in SICCI dat.

e. CCI land cover was compared to the precursor datd@Cver 200-2006
with regardgo differences in lad cover distribution and show more surface
water in CCI Land cver compared to its predrsor GlobCove. The difference
between the CCI glacier area and the area withmipaent snow and ic from
CCI LC issmalle than that the GlobCover dataset.

f. Comparison®f the OC-CCI dataset witlobColour productshow that the
latter has greater spatial coverage prior to Z thanks to a less strict de
filtering processin while the former has greater coverageerwards thanks 1
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j.

theuse of MERIS dateThe global mean and spatial standard deviatiome
OC-CCI chlorophyl products are also more stable with time than
GlobColour. A reduction in variability is noted wheMERIS is introduced i
2002.

Comparisons of the CCIl SST, SSH and SIC with pssmoudata(namely the
HadISST2, AVISO, OSSAF, and ORAS4 datasetshow good level of
consistency and similarity the major climate modes of variability a
change.

A comparison of £ CCl and NSIDC sea ice concentration products shbet
the Arctic sea ice area computed from SICCI dats lietween NAS-Team
and Bootstraplatasets from NSIDC

The observed variabilities of CCI cloud cover, CG0il moisture (SM) an
EOBS precipitation are consistent over Eur@and Africa,and suitable for
climate model evaluations. The regional model arn@wmaare of simila
magnitude ashe observed anomalie

2. Climate Model and Climate Reanalysis Evaluatior

a.

The good agreement between the CCI / with AERONET justified it use
for the evaluaton of AOD in the CMIP5 models with the diagnostic rousi
implemented in the ESMValTool thatrrently also includes data from MIS
and MODIS.

The OCCCI products were found to be of sufficient qualityr data
assimilation purposes, and of at least equal quabt the GlobColour
Assimilating OC-CCI chlorophyll data improved the model’s represtion of
sea surface chlorophyll compared with both sagetldta sets, and also a rai
of independent in situ observatit.

The CCISSH was used to assess tleasonal cycle othe mean sea level
anomaly over the buffer zone and the Mediterran®aagenerated by the
ORAS4 ocean reanalysis, the coupled regional césgstem model RCSV
and the Nemomed12 Mediterranean sea n. Poorer agreement is found w
models where the thermosteric term contribution msssing and SSI
observations are not assiated.

Inconsistencies between CClea Ice concentrations and the C-S4
reanalysis product were deduced from problemsenassimilation of the CC
product in regional model nudged to the C-S4 ocean temperatl. The
inconsistencies are likely due the fact that the ORA4 system did not
contain a dynamical s-ice model.

The RCA regional model shows higher SM values dlverSahel than the Ct
SM would indicate. The differences are most likediated to the thickness

14 of 36



Document Ref.: D7.1
CMUG Phase 2 Deliverable

Number: D7.1: Interface of CCl data to climate services
Due date: November 2016

Submission date: January 2017

Version: 2

the layer the two SM produr refer to. Overthe SoutherrAfrica region the
absolute RCASM is closer to the corresponding CCI Siithough the model
and the observations seem to be out of p

f. A dry biaswas foundin the HARMONIE Regional Climate Model compar:
against the CCI SM oduct over the Mediterranean.

g. TheCCl Glacier data (Randolph Glacier Inventory, R@I0) was found to b
very useful for evaluating and improving the setdiphe glacier st-model in
the ArcticHYPE model

3. Assimilation for Reanalysis

a. A number of ozone roducts from O3=CIl were individually assimilate
within the ECMWEF IFS system (using a configuratemilar to the one the¢
will likely be used for ERA5). The (-CCl showed i) negligible bias; i
uncertainties that we-compared in structure with estireatobtained with th
Desroziers et al (200 method; iii) added value in terms of improved oz
analyses compared to independent observationsneg)igible to positive
impact on the fit to other used observations. Thekservations will b
assimilatedn the forthcoming ERA!

b. The impact of theOC assimilation on the model carbon cy was assessed
against surface fugacity of carbon dioxide (fCOservations from th
SOCAT V2 databaseBakker et al., 2014 Overall, the effect of th
chlorophyll assinlation was small compared with the magnitude of eh
biaseslIn regions of strong biological activity, the chdphyll assimilation wa
found to have a beneficial impact on carbon vaes.

c. Reanalyses assimilating ocean colour products pedealisticvariability in
response to climatic events, allowing their usa &l for climate studie

d. Assimilation run performed witthe CCIl Seade concentrations shows that
the Antarctic the SICCI product resembles the NSIB@btstrap produc
while the NASA-Team product shows about 10% less sea ice

e. The regional investigation of the assimilatof CCI-SI concentratior showed
that a notable amount of sea ice in the margiralzane melts directly aft
assimilation into the ndel due to the inconsistenciested at point 2.

f. The assimilation of either the SU or the ADV AATZOD produces AOL
forecasts that show similar level of agreement wittependent observatio
from the AERONET netwol, providing a higHevel of confidenc we have in
the data.

g. Over the Antarctic region, trSIC analysis departurebtained by nudginthe
MPI-EMS to the CCI Sl data is comparalto the departures obtained from -
NASA NSIDC data
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4. Consistency in climate product:

a.

CMUG, through ECMWF, has also developthe pototype of aClimate
Monitoring Facility (CMF) tool to enable users tapidly investigate th
homogeneity and consistency of climate data setsdoyparing pr-defined
diagnostics Comparisor of selected CCIl data with wealth of reanalysi:
such as ERAthe MACC reanalysisthe Japanese reanalysis Project (¢, the
NCEP Reanalysis (NR4), and in some cases the Moc-Era Retrospective
Analysis for Research and Applications (MERRA) weperformed ani
documented in CMUG D3.1v_1d (201 It showed good ccsistency and
agreemenin ozone and aerosol prodt, some issues with the SM L3 prod
due to sampling issues and later addre

A distinct relationship betweethe CCI fire product of burned area and
CCI soil moisture with low burned area for lsoil moistures (fuel limitation
and low burned areas for high soil moistures (nnogstimitation)
Disagreement between CCI Glacier and CCI Land c{sgow and ice cove
in CCI LC can be as 30% larger than that reported 6y Glacier in some
regions).

Assimilation of the CClI AATSR Aerosol productogether with MODIS dat
leads to the best fit to AERONET globally compatedthe assimilation c
either MODIS or AATSR dat:

The assimilation of SMR 3 on top of a fix baseline of 3, AOD and GHG
datasetsmpacts th quality of the AOD forecasts leading to an impro
agreement with AERONET data (+0.17

Assimilation of the CCI SST product in a ORA-like experiment produce
SIC analyses that show a higher level of consisgtenth the CCI SIC than th
ORA S4 SIC field

The CCI SST, Cloud cov, sea level and ocean colaalt capture the ENSO
variability consistently. They ECV's are suitabte évaluating processes a
climate models

The integrated assessment of the consistency betiee ECVs relatedo
regional moisture processes (clouds, soil moistpregcipitation and wate
vapour) in the context of the African monsoons &udopean rainfall show
that he CCI cloud and soil moisture products are coesisbn a regione
scale.
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3. Technical aspects of CCl data versus Copernicus requirements

3.1 Data formats and conventions

All CCI ECVs are produced iNetCDF format, anattention has been paid to make then-
complaint.Metadata is provided with each product. To medeht users and appliion
requirements, the CCI ECVs are provided at diffefewels o processing (see section 3.
Fully documented uncertainty characterization wjtiantitative estimates at data level (i.€
pixel level for the L2 datasets) are provided iany cases.

A PSD (Product Specification Documerand aPUG (Product User Guid are available for
all products to guide users how to best use the CCl ECV§hese aren addition to the
CRDP (Climate Record Data Package) which contains in&tion for users aboithe data.

Data versioning is used with all CCl ECV dataswith agreement on thneed for using DOI
identifiers for each ECV release to ensure dateetility and how these identifiers can
obtained.

For someCCI ECVs, gridded products from thetest release aralso produced in the
Obs4MIPs format, and aevailable through the Obs4MIPs web-site.

TheC3S ITT on Software Infrastructure for tClimate Data Storprovided some indicatior
on format, standards and ingestion methods that platvder will need to adhere to inclu
their selected datasets in the C3S CDS. Thesasaalows (ource C3S_23:
“ Data suppliers will make the output available te DS users via the CDS. They can d
by either of the following methoc
(a) uploading tleir data and products to a designated server (“pustithin the C3S (e.g
when volumes are small and no infrastructure ircplaat their site
(b) providing them via web services (e.g. when voluaneslarge or infrastructure is i
place).

In the case ofa), suppliers will only use data formats agreed2syMWF. ECMWF will onl

accept data in formats that follow internationatgcognised standards. Such standards r

be open (e.g. noproprietary), managed by a recognised internatiost@ndardisation bdy

(e.g. ISO, WMO, OGC, etc.), or any-facto standard Open Source software should alsst

that can read and write files of these standardgiafisation formats (e.g. NetCDF, XM

JSON) should be supported by standard schemas am¢entions. All tet based formats
should be encoded in UT&-ECMWE will implement tools to check the compaf the

provided data and products to the agreed standaedere they are added to the C
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Examples of case (a) are data uploaded to the GDEMO GRIB edion 1 and 2, NetCDI
files conforming to CH-.6, or greatel

In the case of (b), suppliers will only use protscagreed by ECMWF to invoke the v
services. ECMWEF will only accept protocols thatdal internationally recognised standarc
Such standardmust be open (e.g. n-proprietary), managed by a recognised internatic
standardisation process (e.g. 1ISO, WMO, OGC, etw.)be a d-facto standard such ¢
OpenDAP. ECMWEF will consider using bespoke web dasRls to access the data a
products if tley implement very simple protocols (e.g. REST), thedresults returned &
these APIs are compatible with (a). It should beeddhat requests for these web services
mostly originate from the Climate Data Store itsaff part of a workflow run onehalf of an
enduser; ECMWEF will therefore need to have the neagssaedentials to invoke the:
services. ECMWEF will not provide information on tied user’s identity when invoking 1
web services. ECMWF will nevertheless collect usaggstcs for dl aspects of the C3!

Examples of case (b) are OGC standards (WMS, WQOF5,Wtc.), OpenDAP, etc. Otr
protocols could be considered as the system ev”

3.2 Metadata

There are various metadata required to be mad&ablawith the satellite CDs which need
to be clearly documented. Examples include a tmeetif both satellite and instrument rela
anomalies, documentation on version of level 1 gsemg, what ancillary datasets have t
used in the level 2 processing, and processingitdm versions at all leve

Every dataset and/or service provided by C3S wileh to be documented using
appropriate metadata standal (1ISO19115,source C3S_23a). All CCl ECVs have bt
enriched with detailed metadata, but whether ttieege to theequired standards will need
be ascertained.

3.3 Data access

Access to the CCI ECVs free and open witjust a few requiring registration before acc
is grantedDuring the CCI Phase 1, each CCI consortium sttrenl production in their ow
dedrated server, and no centralised data store waklaleaat and through ESA. Links

these data servers are provided by each CCI teaheincorrespondir wek-site (following
the correct link fromwww.cci.esa.ir). Subscription to EC\$pecific updatemailing list are
also available from the ECV w-sites.

In May 2015, ESA started project for the creation o CCI data portalo provide userwith
an easy, one-stop shop to @ICI data and it is currently beimqgppulated with the latest C¢
releasesf{p://anonftp.ceda.ac.uk/neodc/esar). Mechanismdor user subscription tECV-

18 of 36



Document Ref.: D7.1
CMUG Phase 2 Deliverable

Number: D7.1: Interface of CCl data to climate services
Due date: November 2016

Submission date: January 2017

Version: 2

specific updatestailing list are planned for implementation astiould becomeavailable
with its first release scheduled for May 2C Currentlyuser support is provided by the E(
science leader for general matters and in theifistanceandby the ECV team members
case of more specific, technical aspe

The C3S data and produaetdl be available through the C3S CDx&erfaced by an integrate
web portal that Will provide the single pnt of entry for the discovery and manipulatior
data and products available in the CD{(C3S_23a ITT) Users will be able to seamley
access theexisting data repositories distributed over mudtiplata supplie. All data and
products will be provided with quality informatioThe integrated web portawill also
display the latest information on events, curreetva regarding CDS. lalso provides help
desk facility, FAQs, user for” (C3S_23a ITT).Data on existing repositories distribui
over multiple data suppliers will most likely berreved via invocation of the correspondi
web services from the Climate Data Store itselpart of a workflow run on behalf of an e-
user, thus ECMWEF will need to have the necessasgesttials to invoke these servic A
schematic of data flows around ‘research’, ‘C38s€ers’ and ‘CCI’ is shown in Figure

ESA CCI ECV data products (via data portal)

Research Cc3sS ] Users :
R&D Operational \
;d ata flows = data flows I A = e e e %

P
\{-—

= _. (opernicus
H2020 [ > -
:Lr CDS* ' % KE‘}ZJ
B8 JRC sis a (BN =
EQC

@ Climate OD P LI ALY

WCRP
CMIP6 C&RDEX Other data (observations and projections)
* CDs = Climate Data Store, 515 =sectoral Information System
ECQC = Evaluation and Quality Control platform, QDFP = Qutreach and Dissemination platform

Figure 3: Schematic diagram the existingdata flows of CCIl data to useand to research
activities, as well as of the potential CCI datawllio C3S. It also illustratean alternative

19 of 36



Document Ref.: D7.1
CMUG Phase 2 Deliverable

Number: D7.1: Interface of CCl data to climate services
Due date: November 2016

Submission date: January 2017

Version: 2

route for CCI to potentially reach the C3S anduters througlttheir possiblecombination
with data from other sourcePashed lines indicate potential data flo

3.4 Level of processing

To meet different users and application requiresiehie CCI ECVs are provided at differ

levels of processingfThe CMUG assessment considered different pos usage of the CCI
ECV, in particular for global and regional assirmda, detection, climate model validatic

and boundary conditions.

According to ESA, Level 4 processing and the implementation of Lev-1 algorithm
improvements is an activity tt is performed outside of CCI as this activity is emad by
other projects, most notably by the correspondir®AEsensor Quality Working Grouj
(QWGs). CCI is however expected to give feedbackdwel (-1 processing, and thus

report issues and to pragm solutions. For the CCIl programme, it was assuthed
appropriate Level 1 (L1) data existed and couldi®ed. In contrast, Leve-2 and Level 2-3
processing to produce orlibessed and gridded ECVs are key priorities for

The CClI ECV data sets i derived globally whenever applicable and whent
measurements are provided globally. Vertic-resolved ECV products are also availe
when the instrument information content permi

CCI L3 daily and/or monthly meegridded products are availamdenever applicable. The
averaged products also include information on theaertainties. Discussions and worksh
have been organized by CCIl teams to characterige reguirements for uncertainti and
best practices.

3.5 Data issues across ECVs

Here we report orthe knowntechnical and scientifishortcomingsin the CCI ECVs
highlighted by either CMUG or CCI ECV team assesss

Inter-instrumental biases due to calibration differences might still exist &ome products
This is an issue whemerging data from different datasets to generatgdotimeseries. For
instance, CMUG QAR 2015 showed tl

* The global mean and spatial standard deviatione@fdf-CClI chlorophyll products ¢
marked reduction in variability is noted wheéviERIS is introduced in 2002
This seems to suggest that the differens@msnare not fully int-calibrated.

* The comparison between burned area and CCI sostarei shows that all produc
have a very similar distribution with the exceptioi the CClI MERGED product
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for which substantial burned areas are reporin regions with soil moisture
exceeding 25%.

A land-sea maskand a freshwater mask have been produced by the Caxer project an
are available on their project wsite (ttp://www.esa-landcovetei.org/?q=node/1€). These
masks were constructed fr Envisat ASAR, MERISand auxiliary datasetas pixels
containing land/water content ratio at 300m resotutird temporal extent of 2005 to 20

The full extent to which they have been taken uph®y ECV teams, which would supp
consistency, is not known.

A number ofinconsistencies betweelidifferent subproducts of variouECVs are known,
and cross-ECV worksiongoing to remedy to them. These inclt

A disagreement was seen between CCI Glacier andL@ad cover. The CCI Lan
cover class “permanent snow and ice” is larger thanglacier area derived from t
glacier outlines in CCI Glacier with >30% reive differences in places (CMUG QA
2015).

The AerosoleCl and Clou-CCl algorithms applied to the same data showedtki®
same pixels were differently identified as eithkrudy or aeros«-affected by the two
teams. Work is ogoing to converge on t data classification.

Some inconsistencies were found betwthe CClI SST and SIC datasets in me
regions close to the ice ed

The data assessment has highliglincomplete information in some cases. This will need
be included in forthcoming relees. For instance,

No temporal information is available in CCI Gladieventory (RGlIv4), assumed to
the most recent snapshot of the global glaciAt the present, &k an information
must be derigd by uses from other sources.

The CCI Land Cover dis not include the class “water bodies” in the spak
products. From a “climate quality” perspective, wiould be interesting to g
information on trends and seasonal variation in gpatial distribution of sface
water. Variation in small water bod is a relevant ECV related to permafrost melt
which is of highest interest in the Arctic regi

Limited information on hydrography is available eva rather detailed products st
as land cover, for instance there is no distincbomrmask to attriute water pixels to
river or lakes.

Error characteristicsra not provided with the SICCI ice thickness datadpct.

No Glacier thickness is provided with the Glaciarantory, although some moc
estimates can be obtained upon request to the GCler team.

Spurious values were found in the CCI Sea Ice ganatons ina number cregions,
especially in the Norwegian and Labrador Sea, Yikkeie tocloudy measurements n
filtered in the CCI algorithmSpurious data values were also found in thdded SSH
product over land grid point locations. These dgt would benefit from including
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landsea mask as an additional field that users cantaddter any spurious c
suspicious data out. Alternatively, a (-friendly data quality indicator ccd also
suffice.

3.6 System and data requirements for climate datasets in C3S

System and data requirements that climate ECVsnedld to meet to be considered in

operational service like the C3S are only partlgwn, e.g. based on information prced in

already publishedlocumentation aniTT calls, and in some cases should be expecte

evolve with time. Here, we present a number ofrdese aspects for climate datasets, con

them with the current practice within CCl and whesre possibleor needed provide
recommendations for possible improvem that shouldoe contemplated to makhem more
appealing to the C3i@ particularand climate services in general.

System Specification:

The current specification of each CClI ECV Systens Ih@en doimented and define
according to the recommendations specified inindividual ECV System Requirements
Document(SRD) The SRDs set also all requirements for additiexérnal or auxiliary dat
required for the data processing. A schematic diagof tte CClI in general and of each E(
System Specifications as it currently stands igwgin figure 4.

r
1
1

I ECV Systen Specification Validation
:I ' by CRG
I

I
External CCIECV CCl
e

I_CCI SystemSpecification b

Figure 4: Schematic of anyCl ECV SysterSpecification and its interaction wiCMUG.
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The system specification of many CCI ECVs wboth self-assessduly the CCI teanand
assessed by the CoBd-IMAX consortium using the Co-CLIMAX System Performanc
Matrix during the 2014 Cor€&LIMAX Workshop.

In the eventhe production aspects of a given CCl ECV was takear by the C3S the abc
System Specification will require modifications.w&ry schematic diagram of how it cot
change in that case is drawn in figur
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Figure 5 Schematic diagram chow the research and operational componenta generic
CCI ECV might interact if that was selected for the ¢ In the diagram, the possib
interaction between the C3S EQC and CMnoted in section 1.3 also drawr

Data cycles:

The current CCIPhase 2 system specification foresees a fas-around for mosi(i.e.
whenever applicableFClI ECVs with typically on-year cycle required to go from updati
the algorithmincrementally, i.e. according to received feedbado releasing validate
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datasetgspanning the considered satellite missi to users. This mig be appropriate fc
most climate applications while it is noted that s&mme, like for instance reanalysis,
requirements might be differei

Reanalysis are often updated every five years paso a full production normally can ta
between twod three years for the retrospective analysis tadmapleted. In this respes
while a oneyear reprocessing cycle might not be strictly neagsit will be important tha
for the ECVs assimilated in the operational reasialydata production will be ntinued in
time with the algorithm version that was operatiatahe time those ECV datasets were -
assimilated even after that algorithm version ipesseded by an upgraded one. 1
requirement is important to avoid jumps in the edgsis timesaies due to algorithm versic
and thus ensure lortgFm homogeneity in the resulting production. A rhoation betweel
L2 reprocessing activities and reanalysis scheshubeild also be consider

If a fast turnaround and cycles are desirable, espey to include new datasets from e.g.
Copernicus Sentinels, it is important that any geashould be traceable (eC3S_312a
Volume II'ITT).

In C3S,each data provider will need to define a set ey Performance Indicators (KF to
be included in @ervice status dashboard that will be used atrideo&each year of service
review the service readines¥he KPIs shall be used to monitor the differentviees acros:
Lots measuring a set of indicators and benchmarkivgrics quantifying the qlity,
suitability, and performance of the service agaite Target RequirementC3S_312a
Volume Il ITT).

Temporal coverage:

A dataset to be useful for climate studies neemaximise the data temporal coverag:
covera sufficiently long period ofeveral years to decades whenever possible.is
requiredto be able to monitor climate change and perfoendranalysisFor the C3S, fo
instancethe target requirement con:s of a minimum of ten years (C38Lza Volume Il
ITT).

The formulation of the CC8ystem Specification and System Requirement Doctsdoes
not contemplate a Near-ReBime (NRT) processin It is recognized than some areas and
applicationssuch as monitoring of climate hazards and extrdimeate event, it is essential
that the climate informatioprovided b' the service is madavailable within a short tim
period to be useful. Thishoulc stimulate some chges to the CClI ECV SS that mi
improve their fitness to purpos
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It is important to mention thatith the new atellite missions being launched, most CClI te
are considering extending their data availabildgfard in time applying their ste-of-the-art
algorithms to newly availabland future measurements.

A concept similar tothat applied toreanalysis pragctions could be useful here. N
reanalysis efforts are produced typically everyefiears. The temporal coverage exte
close to the present using whenever possible repsed observations. At that point in tir
the reanalysis is continued forwardplying the samedata assimilation and forecasti
systemto more recent observations ensurits availability to users typically within two 1
four weeks from data acquisitic

Data gaps:
Discussion on data gaps for each CCI ECV charaetmpart otthe CCI Phase 1 project.
would be useful if this was documented for each ECV if not yet availabl

Here, the expression “data gap” refers to perioaisnd which measurements of a giv
variable are not available at all, for instance tlue gapin EO plans. In this respect, it
noted that maximisinthe use oobservations from as many sources as po: is encouraged
and that this represents a target requirement3&(C3S_312a/olume I ITT).

Data format, data standardand metadat:

Indications on accepted data formats and the standatdsand products are required by

C3S were provided in sectis 3.1and 3.2. Based on the known information, the CCVE

are already meeting or close to meet the technécplirements, it is notedat the CClI ECVs
are currently produced with NetCDF version 4 in trezses and effort was put during Ph
1 to adhere to the CF standards, as well as thegdt include metadata informatic

Nonetheless, the following will need to be ascedd

* The CF standardssed by CCl is C-1.6 or higher.
* The metadata informati meets the 1SO19115 standards.

User support:

To facilitate user gxoitation of the C3S data the CDS web portal @&iio provide state ¢
the art tools and softwardo‘ generate tr relevant set of climate variables, indicators ¢
indices required to analyse, monitor and prediat fhatterns of both the climate drivers ¢
impacts”(C3S_23a ITT)

While this is understood, it would be wise for dameoviders to engage the C3S te
developing the CDS toolbox to ensure a correct jmetation of the original data is mas
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This should be considered by CCI teams in the eaewntof their products will be selected
be included in C3S.

Another function is to help service usersh any problem or issue they may encounter
timely manner. For the C3S, a minimum of 50% of rgseare expected to be answe
within 5 working days (C331za Volume Il ITT).

System monitoring

Any data provider to the C3S is expecte monitor routhely the performance of the syst
through a series of benchmarking metrics, coverbaih the quality of the data (e.
validation), the performance of the system, andijtnity of the service. In particular, for tl
C3S, the successful tenderer shiake account of the feedback of the EQC to imp
iteratively itsproducts and processing ch. (C3S_312a Volume Il ITT).

4. Tools, architecture and supporting information for CDRs

4.1 Rationale

It is vital that the CCI data users are able talgasgest the datasets into their worki
environment and analyse theWithin the C3S, a state-of-thet toolbox will be mad
available to users to facilitathem with the C3S product handling, and manipufatihe
same might not always be true for other cte services and data repositories where the
data might be or become availa

Also auser perspective is providenereon tools, architecture and supporting informa
that, while not generallyequired b users, might still be useful. Thisespeially important
when the applicatioof a particular dataset may req\, for examplean ir-depth knowledge
of the characteristics of thusedinstrument(s) as they could affect the product &at
interpretation.For instance, Soil Moisture product isrived from instruments that ai
sensitive to the soil skin layer (typically no mdahan 2 cm in depth) while the top layer
modelled SM often refers to a much deeper layeth®Vit such an understanding, conclusi
drawn from simple comparisoican be misleading.

4.2 Data Ingest tools

It is vital that users of C3S data are able tolgdspgest the datasets into their worki
environment and analyse them. The format shouliindiar to users and plug in modules
ingest the data formats sholbe provided in commonly used software environméetg.
Fortran, IDL, Python, Perl, ..All users will need the install softwareunless the format is
really standard gridded dataset and so it is atitio make this part of any tool box w
documentd and easy to use. The final result is to popudat@riable array within the use
particular application.
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To make reading the datasets as easy as posstnealh software package consisting
source code, documentation, build scripts, andallasion tests (sample input data &
expected output from test programs in order tofyarrect installation) is envisaged as
effective solution by climate modelle

Note that with all the tools developed there isantenance cost implied as differ software
operating systems change and so the associatedneet to maintain compatibility with t
latest version and a few of the previous versio

4.3 Access to metadata

There are various metadata required to be mad&ablaiwith the satelle CDR: which need
to be clearlydocumented. Examplé¢hat should be available with thiata as it is needed |
usersinclude a timeline of both satellite and instrumesiated anomalies, documentation
version of level 1 processing, what ancillary dets have been used in the level 2 proce,

and processing algorithm versions at all le

4.4 User feedback

Among others, a potentisddvantag of CCI data being made available throthigh visibility
services like the C3%ould be in llowing users to comment on thexperience wit the data
and passing these comments back to the data pma. Such usefeedbac can be about the
strengths of the datdincludin¢c links to journal papers, technical notes, validatis
provenance, application, urrtainty information, andnotes about external eve), or
maturity information. Equallyuser feedback omweaknesses in the data such gaps,
previously unknown bias or errors also needs toctweveyed to the producers, usu:
through the service provider.

Any dataset server that is complemented by a wssiblack or annotation system would
welcome by users and providers, e.g. CHARMe system developed to allow climate de
sets to be annotated with such commentary infoom).

4.5 Data Analysis

Once the climate dat@nd product have been ingested into the local software sysusers
will probably have the tools they need to procémsdatasets but nevertheless the optic
tools to provide some simple data process«could be provided. The are already sevet
software packages available such as GRAhttp://www.iges.org/grads/developed for th
modelling community, U-CDAT (http://uvcdat.linl.goy and the NASA Panog
(http://www.giss.nasa.gov/tools/panoj) software which already pgerm many function:
and so any tool developeduld usefull add capabilities to these existing packa
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Climate Data Operators (CDO) are widely used byctimeate modelling community becau
of their ease of processing, and a good test flatasets to see whether CDOs can work w
it (as well as working with visualisation too

It might be envisaged if the tools are in an easgidvelop form then the users could actu
contribute to the tools themselves and make theaiadle to the toolbc which would be
maintained.

4.6 Co-location software and data

For most of the CDRs they should be accompaniecblpcation software with datasets o-
situ measurements (e.g. buoys for , ozone sondes for ozone, fire radiative powebfont
area)to assist a wide range of usersaccessing the full range of observation data fat
ECV. Tools for the spatial interpolation of the data dllow for a resampling of tt
observational datas well as visualisatiowould be useful.

4.7 Climate Monitoring Facility

Although it can be expected that usmight not need software and tools to display the
data, it is worth mentioning that a Climate Moningr Facility (CMF) iscurrently under
development.

The CMF is a interactive interface to visuze and facilitate mod-observation
confrontation for L3 products with a focus on mr-annualvariability of statistical average
(monthly/regional means) based on-calculated mean statistics.

The CMF webinterface relies on a database (CMFDb) pcated with pre-calculated
statistical averages ofin excess of 1( distinct variables defined ove32 different
geographical regions, 18 layers (if applicable),and several data streams (varic
reanalyses and several CCl datas

This tool could be seful to understand the l-frequency variability of the CCI ECV, ar
contrast it to that of equivalent ECV products,edetine the lon-term homogeneity of th
various datasets in terms of regional monthly meamd perform a consisten@analysis
between different CDRddowever, caution should be used when drawing cemahs from
these comparisons, as differences may occur iddtecoverage of different data sets use
produce those averages.
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5. Institutional links and interactions

The purpose of this sectiaa to note th links between CCI (specifically CMUG, but al
within the CCI ECV projects and the Data Portaljgct that would be useful to developi
the C3S, either as:

e a supporting feeth type activity that includes several E€search projects (e.g.
CLIPC, ERACLIM2, EUCLEIA, QA4ECV, UERRA, ECLISE, $ZTS, EUPORIAS
CLIM-RUN, GAIACLIM, FIDUCEOQ), and other international activities (e.g. SPA
Reanalysis Intercomparison Projec-RIP).

» links with groups that are developing Climate Sess(e.g. JPI WG1, Climat
Services Partnership, GFC

» links to users and user groups (EEA, Climate Suppacility)

* international perspective/coordinating organisa (GCOS, WMO, E(, IPCC)

» National coordinating bodies that would providesdtron and sugort for climate
services (e.g. research councils, adaptation bo@i@smpacts, disaster reductic
regional government and agen)

e Business (insurance, energy, agriculture, heal#terytranspor

* Relief and Emergency bodies (health, disaster rese)

Links with nearly all these organisations and istis alreadyexist with CMUG partners
such as the Met Offic&eCMWF and Météo France, and can be used to the bendli3 61

Consideration should also be given to the usefslioés C3Sstakeholde / user group who
could provide independemiput and feedback on the effectiveness of C3S utsitpcros:
systems and sectors. This would include reviewsvibéther the C3S services are be
exploited to the full benefit of useiincluding the applicatiorof the outreach and us
engagement activities of C3S.
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6. Acronyms

ATBD Algorithm Theoretical Baseline Docum:
CMF Climate Monitoring Faty

CMIP Coupled Model Inte-comparison Project
EC European Commissit

EEA European Environment Acy
ESMValTool Earth System Model eValuation Tt
GCOS Global Climate Observing Syst:

IPCC Intergovernmental Panel orlimate Change
ORA-54 ECMWEF Ocean Reanal- System 4
PSD Product Specification Docume

PUG Product User Gt

RCA Rossby Centre Regional Climate mc

30 of 36



Document Ref.: D7.1
CMUG Phase 2 Deliverable

Number: D7.1: Interface of CCl data to climate services
Due date: November 2016

Submission date: January 2017

Version: 2

7. References

Bakker, D. C. E., Pfeil, B., Smith, K., Hankin, 8lsen, A., Alin, S. R., Cosca, C., Harasa
S., Kozyr, A., Nojiri, Y., O'Brien, K. M., SchustetJ., Telszewski, M., Tilbrook, B
Wada, C., Akl, J., Barbero, L., Bates, N. R., Boudl., Bozec, Y Cai, W-J., Castle, R.
D., Chavez, F. P., Chen, L., Chierici, M., Curfe, De Baar, H. J. W., Evans, W., Fee
R. A., Fransson, A., Gao, Z., Hales, B., Hard-Mountford, N. J., Hoppema, V
Huang, W.J., Hunt, C. W., Huss, B., Ichikawa, T., Johanen, T., Jones, E. M., Jont
S., Jutterstrgm, S., Kitidis, V., Kortzinger, Aamhdschitzer, P., Lauvset, S. K., Lefé
N., Manke, A. B., Mathis, J. T., Merlivat, L., Mé&taN., Murata, A., Newberger, T
Omar, A. M., Ono, T., Park, -H., Paterson, K.Rierrot, D., Rios, A. F., Sabine, C.
Saito, S., Salisbury, J., Sarma, V. V. S. S., &#lj R., Sieger, R., Skjelvan,
Steinhoff, T., Sullivan, K. F., Sun, H., Sutton, &, Suzuki, T., Sweeney, C., Takaha
T., Tjiputra, J., Tsurushima, N., 'n Heuven, S. M. A. C., Vandemark, D., Vlahos,
Wallace, D. W. R., Wanninkhof, R. and Watson, A2014. An update to the Surfa
Ocean CO2 Atlas (SOCAT version 2). Earth Syst. Bata, 6: 6-90.

C3S_312a Volume Il ITTProduction of Essential Clire Variable Datasets based on E:
Observations, February 201

C3S ITT C3S_23&aSoftware Infrastructure for the Climate Data S{@®S), August 2015.

Cavalieri, D. J., P. Gloersen, and W. J. Camphi&i84: Determination of sea ice parame
with the NIMBUS 7 SMMR. Journal of Geophysical Research: és$pheres (19¢
2012) 89 (D4), 535%369

CCI SoW, 2009Statement of Work of CClI projects. Phase I, FSEP/SOW/003-09/S.

CCl SoWw, 2012Statement of Work of CCI projects. Phase Il, -PRGNV-EOPS-SW-12-
0012.

CMUG D3.1v_1d, 2013Technical note ¢ Demonstration of CMF functionality for t
assessment @zone, aerosol and s moisture.

CMUG URD 2015 http://ensemb-
eu.metoffice.com/cmug/CMUG_PHASE_2 D1.1_Requiresierl.6.pd

CMUG QAR 2015nttp://ensemble-eu.metoffice.com/cmug/CMUG_D3.1 QAR _vO0.5.

CMUG QAR 2016:http://lensemble-eu.metoffice.com/cmug/results/

CMUG SoW, 2002Statement of Work of CMUG project. Phase I.,P-DTEX-EOPS-SW-
09-0002.

31 of 36



Document Ref.: D7.1
CMUG Phase 2 Deliverable

Number: D7.1: Interface of CCl data to climate services
Due date: November 2016

Submission date: January 2017

Version: 2

CMUG SoW, 2014 Statement of Work of CMUG project. PhaseCCI-PRGM-EOPS-SW-
13-0043

Comiso, J. C., 1995: SSM/I sea ice concentrati@nsguthe Bootstrap algorithm, Vol. 13¢
National Aeronautics and Space Administration, Grd Space Flight Centt

Desroziers, G., Berre, L., Chapnik, B. and Poli, (P005), Diagnosis of observatic
background and analysgror statistics in observation space. Q.J.R. Mete8oc., 131
3385-3396. doi: 10.1256/qj.05.1(

GCOS, 2006: Systeatic Observation Requirements for Sate-based Products for Climal
Supplemental Details to the sate-based component of the Implementation Plan fo
Global Observing System for Climate in support &k tUNFCCC, GCO-107,
(WMO/TD No0.1338).

GCOS 2011: Systematic Observation Requirements foel8a-based Products for Climal
Supplemental Details to the sate-based component of the Implementation Plan fo
Global Observing System for Climate in support &k tUNF(CC, GCOS-154,
(WMO/TD No0.1338).

GCOS, 2016: The Global Observing System for Climiatglementation needs. Dr:

Merchant, C. J., O. Embury, N. A. Rayner, D. I.§eG. Corlett, K. Lean, K. L. Veal, E. (
Kent, D. Llewellyndones, J. J. Remedios, and R. Sounders (2012). enty-year
independent record of sea surface temperaturelifoate from Along Track Scannir
Radiometers, J. Geophys. Res., 117, C12013, dd0206/2012JC0084C

32 of 36



Document Ref.: D7.1

CMUG Phase 2 Deliverable
D7.1: Interface of CCl data to climate services
November 2016

Number:
Due date:

Submission date:

Version:

2

January 2017

Annex 1 Details of current (January 2017) CCIl ECVs

Obs Cycle
ECV Domain | Acronym Products Time Span Coverage Resolution Sampling
Ocean Colour Ocean OC  |Chlorophyll-a Conc. 1997-2013 Global with mag 4 lam daily
Water Leaving Radiance 1997-2013 Global with may 4lm daily
Sea-ice Ocean SIE Sea-ice Extent 1992-2011 10-15 km weekly
SIT Sea-ice Thickness 1993-2012 Arctic 100 km Monthly (Oct-Apr)
SIC  |Sea-ice Concentration 1978-2008 Arctic & Antar 25 km Daily
Sea-Level Ocean SSH  |Regional Sea Level 1993-2015 Global Y4 degree Monthly
Global Mean Sea Level 1993-2015 Global Scalar 10 days
Sea Surface Temperatu{Ocean SST  [Sea Surface Temperature 1991-2012 Global ~5(0.05%) Daily (day and night
Sea Surface Temperature 1991-2012 Global 4-25 km
Carbon Dioxide Atmosphere | XCO2 2002-2014 Global 10-60 kem 6 days
Methane Atmosphere | XCH4 2002-2014 Global 10-60 kem 6 days
Ozone Atmosphere NP Nadir Profile 1997, 2007, 2008 Global 200 km 1-6 days
Lp Limb Profile 2007-2008 Global 250-500km  |1-6 days
TO(L2) |Total Cohmmn 1996-2013 Global 40-320kam (L2) |1-6 days
TO(L3) |Total Cohmn 1996-2013 Global 100km (L3) |1 month
Aecrosol Atmosphere AOD  |Aerosol Optical Depth 1978-2015 Global 10, 1° 1-6 days
AAT  |Absorbing Aerosol Index 2005, 2008 Global 13x24kem  |Near-daily
AE Stratospheric Extinction Profile  |2008 Global 2.5 g 107 Monthly
Cloud Properties Atmosphere (o Cloud Cover 2007-2009 Global 50 km 10/day
CTP  |Cloud Top Pressure 2007-2009 Global 50 kem 10/day
CTH  |Cloud Top Height 2007-2008 Global 50 km 10/day
CTT |Cloud Top Temperature 2007-2009 Global 50 lam S/day
COT _ |Cloud Optical Thickness 2007-2008 Global 50 kam 5/day
LWP  |Liguid Water Path 2007-2009 Global 50 kam 5/day
WP  |Ice Water Path 2007-2009 Global 50 kam 3/day
REF  |Cloud Effective Radius 2007-2009 Global 50 km 3/day
Ice Sheets Land Surface Elevation Change 1991-2016 Greenland 5 lom dlyear
Ice Velocity Covering 1991-2008 pgGreenland 500 m Snapshot or time se
Calving Front Location - Greenland 250m Alyear
Grounding Line Location - Greenland 250m 1 year
Glaciers & Ice Caps  |Land Area 1984-2011 (data availaf Global 30m Multi-year composi
Elevation Change (DEM) 1960s-2008 Global 1-100 m 1 week (SRTM), §
Elevation Change (Altimetry) 2001-2011 Key Regions 170 m 1 day
Velocity 1991-2011 Key Regions 10-30m monthly to annual
Fire Fire Burned Area 2005-2011 Global 03-1km 1-5 days
1995-2010 Study sites
Land Cover Land Land Cover State Map 1998-2012 Global, excepty 300m or lkm |3 5-vear intervals
Global Land Cover Condition 1998-2012 Global, except § 300m, 500m, lkm|15 vears
Soil Moisture Surface Volmetric Soil Moisture 1978-2014 Global 50 kem 1 day (for some lats

Table 4: Temporal and spatiaoverage of the CCl ECVs provided in terms of theal
products available.
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CCI ECV Used (core) instrument Potential / Considered
instruments

03 GOME, GOME2, OMI, SCIAMACHY, Sentinel-5F(S-5P), S-4, S-5
MIPAS, GOMO¢
GHG SCIAMACHY, GOSAT OCO-2
Aerosols | ATSR-2, AATSR,OMI, MERIS, GOMOS,
Modis
Clouds | AATSR, MODIS, AVHRR, MERI¢
SST ATSR, AVHR
SSH ERS-1, 2, ENVISAT, TOPEX/Poseidor Cryosat, S3, Jaso-3
Jason-1,2 Altimeters
oC MERIS, MODIS, Seawil
S-l SSM/I (F10, F11, F13, F1415), AMSR-E,
ERS-1, 2, and EnvisaAltimeters, AMSR2,
Cryosat-2 SMOS
Fire MERIS
LC MERIS, SPOT Landsat8, Sentinels, ALO-
2, PROBAYV
Glaciers | Landsat, SPOT
I-S Ers-1, -2 lcesat, ASTEF ENVISAT Radar Cryosat, 8-
Altimeters
SM ERS-1/2 SCATMETOF ASCAT, SMMR, SMOS, SAR, RA-2
SSM/I, TMI, AMSR-E, Windsat

Table 5: List of coreinstruments already used kthe CCI teamsand possible (or
contemplated) sensotisat coulc be added in the futurd.is noted that in addition to the co
instruments, anumber of additional instruments were also alreawtuded in the CCI EC'
Climate Data Packages. These are not reported tbut are described in CMUG URD 20
and also on the CCI ECptoject website and documentation therein.
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Resolution (Days/hou; km) Accuracy (Unit) Stability (Unit / year)

GCOS URD Achievec GCOS URD Achievec GCOS URD AchieV(_ec

XCO2 <1 <0.E 0.4-0.9" <0.2 <0.E <<0.t
(ppm) T:4h O Any Day
XCH4 H: 5-10 10 km <1C <10 3-8% <2 <10 <4
(ppb)
TCO3 (%) T:3D 3 days 3d / better 2 <3 <2 <0.1 0.1-0.2 <0.1
H: 20-50 | 20-300 km 40km
SST(MK) T: 4h (*) Day <10% 1% © 0.1
H: 10 km 10 km 20%©
ocC 1-3day 1 day Day 5-8.5-25% 30% 1%/decade 2%/decade
1-5 km 4 km 4 km
SSH 1 day 2 day 10 day 1-2cmr lcm 2mm / decad:
25 km 25 km
Sl 1-7 days 1 day 7 day 5-10% 5% 5% 5% / decad¢ | 1-5% / decads
12-100 km 5 km 10-15 km
Clouds 36h 1h 5 day 10-20% 5% 1% / decadk
0.1-100 km| 5-30 km 50 km
Aerosol 1-7 day 1-6h 1-6 days 0.0040.0z 0.0z 0.005/decad 0.01/decad
1-10 km 1-25 km 13-24 km
Glaciers 1-5 years 3 months Day-m 5-10% 5% 5% 0.01kn?/decads
30-100m 30m 30-100m 10-100cm 10cm
LC 1 year 2-5 years 5 year: 15% 5-10% <15% <10%
0.25-1km | 0.3—-1km 0.3-1km
Fire 1-3 days 1-3 day: 1-5 days 5-10% 1C-30% 5% 5%
0.25-1 km | 0.25-1 km 0.3-1 km
SM 1 day 1 day 0.04n°/ m® 1% 0.5%
<1-25 km 50 km
IS (elev <5kml/yr 1-4 yeal 0.1m/yeal <0.1m/ decad
0.255 km
IS (veloc 0.5mlyr

Table 6: Comparison between GCOS and user requimsmes. achievednes for resolution, accuracy and stabil [Sources include GCOS
2011, 2016CCI project documents (CRDP, PSD, CAR, UCR) and GMe&ports (URI, tech Note on Product Assessn).]
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Legend for table 6:

™) Depending on the instrument

“) No existing or plannethission meets this requirem

® Trends do not account for suddemps, but only long term dfrit

® Derived trends not or mostly not significant

L Over land

© Over ocean. Here there is a problem with the paarbrer of observatiol part of the validating dataset
© Global value

R Regional value

™) Vertical resolution

(®V) bepending on the considered vertical region, sofileeorequirements may be actually
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