Document Ref.: D1.2 Meeting the needs of the Climat e Community — EO for climate foresight

CMUG Phase 2 Deliverable

Number: D1.2:

Due date: October 2016
Submission date: January 2017
Version: 1

Climate Modelling User Group

Deliverable 1.2

Meeting the Needs of the Climate Community —
EO for climate foresight report

Centres providing input: Met Office, ECMWF, DLR

Version nr. | Date Status

0.1 15 Nov 16 First draft for partner input
0.2 16 Dec 16 Partner contributions

1.0 27 Jan 17 Submission to ESA

METEO FRANCE Max-Planck-Institut _AECMWF
Toujours un temps d’avance fur Meteorologie

Met Office Institut
Hadley Centre Pierre
Simon
Laplace DLR
g:";‘:’;,':f; s . VRIJE UNIVERSITE
Camiae UNIVERSITEIT LIBRE
Centro Nacional de Supercomputacidn BRUSSEL DE BRUXELLES




Document Ref.: D1.2 Meeting the needs of the Climat e Community — EO for climate foresight

CMUG Phase 2 Deliverable

Number: D1.2:

Due date: October 2016
Submission date: January 2017
Version: 1

CMUG Phase 2 Deliverable 1.2

Meeting the Needs of the Climate Community — EO for
climate foresight report

Table of Contents

L. SUMIMAIY .ottt et e m e oo et ettt e e e et ettt e e e eeeeta e e e eeeeenessna s aeeeensnnnaeaaeees 3
P2 (011 (0o [ Tod 1 o] o PRSP PPPTPRRRRRRTRI 3
3. CUITENT STALUS ....ceeeeiii et eeer e e e e e e e e e e e e e e e e e e e e e n e e e e e enrnnns 5
4. Recommendations for Future Data ProVISION .. «cooeieeieiiiiiiiiiiiiiieieeeeeeeeeeeseennns 9
4.1 Central web portals for climate data inform@tiQ...................oevviiiiiiiiin e 10
4.2 Data portals for accessing climate dataSetS . .....oooeeviiiiiiiiiiiiiiiiii e 10
4.2.1 Datasets for climate modelling............uuvviuuiiiiiiiiie e 11
4.2.2 Datasets for monitoring and attribution of climate change............ccccevvvvviviccinnnnnn. 13
4.2.3 Datasets for reanalysis appliCatioNS........ccoiveeeeeiiiiiieieieiie e e 14
4.2.4 Datasets for initialising seasonal/decadal forecasts.............couuvviveeiiiiiiniiieeiinnnnene. 15
4.2.5 Datasets for specialiSed NON-EXPEIt USE........ccuuururrruiiiiiiieeeeeeeeeeeeeeeeeieeneneeeeennnnn 16
4.3 Routine evaluation of ESMs with observationghwhe ESMValTool......................... 16
T O o] o (o3 [F 1] o] o 13RS RRRRPPPP 17
G S U= (=] =] [T USSP PPPPPPPI 18

2 of 19



Document Ref.: D1.2 Meeting the needs of the Climat e Community — EO for climate foresight

CMUG Phase 2 Deliverable

Number: D1.2:

Due date: October 2016
Submission date: January 2017
Version: 1

Meeting the Needs of the Climate Community —
Earth Observations for climate foresight report

1. Summary

The exploitation of satellite data for climate r@sd has expanded significantly in recent
years with space agencies around the world engagedprocessing activities to create
satellite climate data records. This report sumsearithe current status of how it is being
provided to the climate community and what mightdome to improve it from a European
perspective. There are a number of recommendati@ae on how to improve the access to
the satellite records and providing tools which ¢enused for the evaluation of climate
models. Although the focus of the report is on theeds of climate modellers other
applications are also considered here.

2. Introduction

Over the past decade the number of satellite clindata records established has expanded
significantly through initiatives such as the EUMEAT reprocessing efforts, the dedicated
EUMETSAT Climate Monitoring Satellite ApplicatioraEility, and the ESA Climate Change
Initiative in Europe. In the U.S. there is the NASAeasures Programme and NOAA also
have several climate datasets being produced, aseddn the U.S. but with an international
remit is the Obs4MIPs programme. Other nations acikChina and Japan are also starting
activities in their satellite programmes and houneke scientists will access these data also
needs to be considered. As a result, a wide rahdatasets encompassing different levels of
data processing from Level 1b (geo-located radsnte Level 4 ((re)analyses) specifically
for the climate community and climate studies hla@eome available.

One of the motivations for climate data records besn the various global reanalyses which
have been run during the past decade (e.g. ERAMt&MERRA and JRA-55) and more
recently regional reanalysis (e.g. UERRA) which uieg consistent satellite datasets for
assimilation throughout the lifetime of the instremh record. Another motivation has been
driven by the need to confront climate model siriates with observations of the
atmosphere, ocean and land surface to assessalidity. The CMIP activities have been in
need of observations, with associated uncertajndesome of the GCOS Essential Climate

! Climate Model Intercomparison Project, see: hitmip-pcmdi.linl.gov/
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Variables (ECVsJ}o assess the model performance and there remaicis to be done here
the complexity ad thus thenumber of variables represented in thtest climatemodels
continue to increaselhe CMIP infrastructure enforces data standards camyentions fo
model output and documentation accessible the ESGE, additicnally publishing
observations (Obs4MIPsTeixeira et al. (2014), Ferraro et al. (20) and reanalyses
(ana4MIPs) for Model Intercomparison Projects usitige same data structure ¢
organization as the ESM output. This largely féaiés routine evaluation of the climi
models.

GCOS have devised the framework of ECVs in the atmesptocean and terrestrial dome
which need to be measured to monitor the statdrands of the Earth’s climate system. T
has resulted in satellite agencies focussing omymiag climate quality ctasets for those
ECVs which can be inferred from satellite data &atlle 1 shows all the ECVs which can
inferred from satellite data using existing teclogyl which is at least 3

Surface Air temperature; Precipitation, Pressure,
Surface radn budget, Wind
Atmosphere Upper Air Clouds, Wind, Earth Radn Budget
Upper air temp, water vapour, lightning
Composition | Carbon dioxide, methane & GHGs
Ozone, Aerosol properties
Surface 85T, Sea-level, Sea-ice, Ocean colour
Ocean Sea state, Salinity, CO; partial pressure,
Currents, Heat flux, Stress
Sub-surface Temperature, Salinity, Current, Nutrients,
Carbon, Ocean Tracers, Phytoplankton,
Biogeochemistry variables
Terrestrial Glaciers & Ice sheets and shelves, Land cover, LST, Fire
disturbance, FaPAR, LAI, Albedo, Biomass, Lakes, Snow cover,
Soil moisture, Water use, Ground water, River discharge,
Permafrost, Seasonally frozen ground, Soil carbon, Human use
of natural resources, GHG fluxes

Table 1. GCOSECVs. Those in blue can be measured from EO data and those in italics are
the new updated ECVs introduced in the latest GCOS Implementation Plan.

2 Earth System Grid Federation: http://esgf.lInl.(
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To produce these satellite climate data recordetiggnal algorithms to produce geophysical
products from the level 1 satellite data have beegraded with the latest scientific
methodology and made consistent throughout the sppa@ of the data record. The associated
metadata and documentation have also been inclwitbdhe data sets and version control
systems put in place.

ESA CMUG contributes to the development of the E&iystem Model Evaluation Tool
(ESMValTool, Eyring et al., 2016a) to enable theatality for climate model assessments in
the CMIP framework. The ESMValTool using CCI (anither) datasets can assess climate
model results with a variety of different perfornsarmetrics and diagnostics. This works with
all models and allows inter-comparison of modepats taking into account the observational
uncertainties. Over time, as this capability matumee expect to produce an increasingly
systematic characterization of models, which, caegbavith early phases of CMIP, will more
quickly and openly identify the strengths and wesges of the simulations (Eyring et al.,
2016b).

3. Current status

There are only a limited number of producers oélitg climate data records at present based
on the space agencies. Table 2 gives an overvietleoCDRs types generated by agencies
like EUMETSAT and ESA in Europe, and NASA and NOAAthe USA. A number of other
space agencies or meteorological agencies arapatéd to enter the field in the near future,
such as JMA, KMA, CMA and ISRO. The challenge isctordinate access to all these
datasets and try to ensure a common format whessilge at various different processing
levels.

Level of | Variable Spatial Temporal Application

Processing Sampling Sampling

1 FCDR Directly measured | Orbit by orbit | Continuous Assimilation, modgel
guantity (e.g. evaluation
radiance)

2 TCDR Retrieved essential | Orbit by orbit | Continuous Process studies,
climate variable assimilation, model

evaluation

3 TCDR Retrieved essential | Gridded Hourly, Daily | Model validation,

climate variable average Monthly trends, attribution
means and evaluation

Table 2. The characteristics of the different levels of the satellite data.
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ESA is funding the climate change initiative (C@ibgramme, which is addressing 13 ECVs
and has released climate data records for each H@G¥&e is proposed a follow-on CCIl+
project to add more ECVs to the ESA portfolio. Sonfighe current CCI ECVs are being
migrated into the new European Copernicus Climat@an@e Service (C3S). In order to
provide efficient access to the CCI datasets ESmehset up a data access portal at
http://cci.esa.intwith a dashboard, viewer and search engine, sgard-il. This is a good
model for providing data from a particular projexthe user community.

climate change initiative

open data portal

ome
Data e aerosol
Submitted by Cat Downy on Wed, 13/04/2016 - 23:55 r.ci

open data
portal

» About CCI
o Data

e Welcome to the CCI Open Data Portal.
somen A single point of entry to ((T data.
Open, free and easily accessible.

Search
You
Tube (CT Dashboard (T Search CCIFTP CCT Viewer
The big picture Simple & faceted. Quick & simple. View. Draw. Catch

CCI Dashboard

glaciers
| cci
antarctic

ice sheet
i

ice sheets
greenland
cci

and couer

ocean colour
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(,1 o
+ &
-+

The CCI Dashboard provides a high level view of the data sets within the CCI Open Data Portal ozone
archive, including key information for each product type, a quick link to download them via FTP, a cei
graphical representation of their temporal coverage and links te relevant documentation.

sea ice

sea level
. CCl

w
oow
-

2 CCI DASHBOARD

Climate data dashboard. The big picture
HTTP. OpenDAR. FTR:

c

Figure 1: screenshot of the ESA CCI Open Data Portal homepage (January 2017).

ESA also has a data utilisation element (DUE) paogr which enables research into
developing CDRs and produces datasets under thiex&®onames. These datasets can be
accessed from the ESA DUE web p&dig://due.esrin.esa.int/page_projects.gBpme of the
Globxxx datasets are subsequently adopted and eptgtthe CCl programme. As part of a
joint and cooperative approach in Europe aimedresgrving the EO European data from
member states’ missions, a Long-Term Data Presernvatitiative is also funded by ESA
since 2008. The main objective is to guaranteeptieservation of the data from all Earth
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Observation ESA and Third Parties (ESA managed¥ions on the long term, also ensuring
their accessibility and usability.

EUMETSAT generates climate data records from thaiellites both in their central facility
(CAF) and in their Climate Monitoring Satellite Apgation Facility (CMSAF). The CAF
provides mainly FCDRs (e.g. SEVIRI/MVIRI radiancASCAT backscatter,..) but also some
products such as reprocessed AMVs and surfacealé® CMSAF also produces a mix of
FCDRs (e.g. SSM/I) and mainly CDRs (e.g. cloud eadiation products). The datasets are
available from the EUMETSAT earth observation pora www.eumetsat.intand the
CMSAF data portalwww.cmsaf.eu Worth mentioning is that additional reprocessing
activities are also carried out by other SAFs, iftstance atmospheric composition data
records are reprocessed by the O3M SAF, and sotate and snow cover L2 data is
reprocessed by the H-SAF.

The European Union is now setting up the CopernClimate Change Service (C3S) co-
ordinated by ECMWF which will ‘operationalise’ soroéthe satellite CDR production from
the ESA and EUMETSAT datasets. This is in the pgea# being set up.

In the U.S. NOAA is producing CDRs from their gedginary and polar satellites. NOAA's
National Centers for Environmental Information (NTEs responsible for preserving,
monitoring, assessing, and providing public acdesthe US climate data of all kinds but
including satellite data. It can be accessed fiioair archivehttps://www.ncdc.noaa.gov/data-
access/satellite-data/satellite-data-access-datas®el one notable climate dataset is the
ISCCP data record used by modellers for many yé&d@AA STAR also produce satellite
climate datasets but access to them is providezlgiir the NOAA Comprehensive Large
Array data Stewardship System (CLASS) web bitp://class.ncdc.noaa.go@ther NOAA
centres such as CIMSS in Madison, Wisconsin proveggocessed AMVs from the GOES
satellites which have been valuable for global afmes. NASA have the MEaSUREs
(Making Earth System Data Records for Use in ReseBnvironments) program focussing
on generating CDRs from their satellites and thayeha list of CDRs which are available at
https://earthdata.nasa.gov/community/community-@gtiem-programs/measures-projects
Finally another NASA initiative at the NASA Spacei&ce Data Co-ordinated Archive
(NSSDCA), which has been extremely valuable, igascue various old NASA satellite
datasets from missions flown in the 1970s. The databeing stored on old magnetic tapes
and there has been a programme to transfer thdrdatanagnetic tapes to on-line access.

Another international initiative which is relevastthe Obs4MIPs project illustrated in Figure
2. This grew out of the WCRP CMIP where many ddférclimate model projections are
compared and there was a need to provide satdHii@sets which have a great potential to
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provide a representation of the actual state ofvdr&able being predicted. To facilitate this
the Obs4MIPs project was devised to provide refttedasatellite datasets in a form that
made it easy for climate modellers to compare wighr outputs. Datasets have to go through
a formal approval process before being made addessi an agreed NetCDF-CF format
which climate modellers use. The data typically sisihof monthly means on a regular
latitude-longitude grid (e.g. 1x1 degree) that bandirectly compared with the model fields.
Approved datasets are provided on the Earth Sy&dch (ESGF) shown in Figure 3 which
facilitates easy and fast access to large datageltsas model fields and observations.

There are various national initiatives to archivel aeprocess satellite climate datasets to
numerous to mention here but these datasets dtie fmethora datasets which are potentially
useful for climate research.

CMIP6
- —— I

January

ARG

Figure 2. Concept of the ObsAMIPs project to exploit underutilised satellite observations for
climate modelling.
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‘ Gateways ’

’ Data Nodes ’
@ Delivered Data

BADC Gateway

T Replicate Data To

A
T Publish Data To

BMR
Q‘ § % MPI
2 PCMDI
Japan Gateway [€ Eteviay > WDCC Gateway
MIROC é é
A 4

GISS
ANU Gateway

Figure 3. The current structure of the Earth System Grid Federation for model data.

4. Recommendations for Future Data Provision

In November 2016 there was a workshop at ECMWF Ayppfications of Satellite Climat
Data Records in Numerical odeling” which provided weful input for future dta provision
of satellite CDRs and during the discussion at thatting the requirements of modell
were addressed. One factiiai remains uncertain within Europe is exactly how @@&S
service will emerge to cover climate diprovision. Here it is assumed it will cover some
not all ECVs and be one player in severethe climatedataset productiorThere are several
aspects to meeting the needs of the climate contynand each will be addressed in sepa
sections.
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4.1 Central web portals for climate data information

The first requirement of climate research sciestista regularly updated website with the
latest information on climate data records. There several good examples already in
existence but they are not globally representakoe.example:

» Thereanalysis.org web site is a good example for reanalyses

 The UCAR climate data guidgimatedataguide.ucar.edu is another very good site which
is also linked with social media through a twitteed to get more traction with potential
users of climate datasets.

« The Copernicus Climate Change Service has recetdiynched a web site
https://climate.copernicus.eu/ to cover climate datasets for the public. Howeveloesn'’t
appear to address the needs of climate modelldigsais more for ‘downstream’ users of
the data.

* The Integrated Climate Data Centre distributeslacten of quality-controlled satellite
data, reanalyses and in-situ ddttp://icdc.cen.uni-hamburg.de/1.html

All these sites include in-situ as well as sateltiatasets which is a requirement of modellers
as they are interested in different kinds of obaeownal datasets. The more satellite specific
web portals are given above in section 3. Themdss of course the CCI data portal, which

serves only CCI data, but includes uncertainty rimftion, and tools for data search and

viewing.

Recommendation 1: A European funded site similar to the UCAR site should be setup
for climate datasets (both satellite and in situ) which is regularly updated and includes
a social media feed. Data suitable for obs4MIPs should additionally be contributed to
this international archive that facilitates the use of model output and observations.

4.2 Data portals for accessing climate datasets

The overall framework for accessing satellite ciendatasets is shown in Figure 4 where a
climate gateway services the needs of all climaiensists. The requirements for climate
modellers and those doing more detailed studiessaraewhat different and they are
described separately in the sections below.
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EUMETSAT
o
NSSDCA,
Obs4 MIPS

MEaSURE

NOAA
Climate

NCEI
STAR —> <| Gateway

News

EESMValTool CMIP_@°
Figure 4. Data distribution for climate datasets.

4.2.1 Datasets for climate modelling

The Obs4MIPs programmequiressubmitted datasetse be accompanied by a technical n
which includes, for example, discussion of uncettas and guidance as to aspects of the
product that are particularly relevant to modelleation. Similar documentation efforts f
observations specificalljneant for use in model evaluation can be foundhatNationa
Center for Atmospheric Research (NCAR) climate dgiae’. Ideally, standard technic
documentation as defined kObs4MIPs will be adopted broadly by the internatic

3 https://climatedataguide.ucar.¢
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observational community and will be hosted alonggior integrated with) the CMIP model
and simulation standard documentation (ES-DOC).itkaidhlly, there are proposals being
considered to include non-gridded data in Obs4M&?g., data collected by ground stations
or during aircraft campaigns), and the possibilitsgt auxiliary data such as land-sea masks,
averaging kernels, and additional uncertainty daight also be provided. Whatever datasets
are used for model evaluation, it will be importemtletermine the size of observational error
relative to the errors in the models. One apprdmshg developed is to provide ensembles of
observational estimates, all based on a singleoseamsproduct and generated by making
many different choices of retrieval algorithms argmeters, all considered to be reasonable.
The goal is that Obs4MIPs can be extended to betmacterize observational uncertainty.

Recommendation 2: To enhance the Obs4MIPs site as outlined in this report. We
encourage ESA and other data providers to contribute observations for model
evaluation to the Obs4MIPs archives alongside with a technical note and observational
uncertainty estimates.

A key need of climate scientists is to have a ‘st shop’ for accessing all observational
climate datasets including satellite, ground basemhote sensing and in-situ including
documentation of the data. Here, search functidlosviag to restrict the search results to
given dataset properties (e.g. variable name, tagia, temporal resolution, time range,
geographical region, etc.) and a possibility fotoawated (script-based) downloads becomes
more important as the available datasets are isierg@n number and volume. For the climate
modelling community the closest example of goodcficea would be the Obs4MIPs site
where currently 78 satellite datasets from variousasurement platforms are available in
NetCDF-CF format which allows easy comparison witledel data. The data are made
available via the ESGF to facilitate easy accessemeral continents. The Obs4MIPs site is
now managed by the WCRP Data Advisory Council (WDAO it has an international
oversight. The challenge is to bring together ladl different datasets from around the globe,
review them and add them to the site. From a Ewamopgerspective there needs to be
resources to assist the dataset providers to subenitdatasets to the Obs4MIPs site.

There are improvements which could be made to thel®IPs site however and these could
be recommended through the WDAC:

* The current layout of the datasets needs to beawepr as all are on the one page at
present. Suggest separating out into the diffedembains at least and within each
domain have a separate sub-domain for each saielitrument.

» In addition to monthly mean values and their asgedi uncertainties the mean diurnal
variation or other variability could also be caghifor some parameters.
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Consider a more ‘Amazon-like’ user interface focessing the datasets. Current users
are probably happy with the existing interface e scientists to the field will gain
familiarisation more quickly with commonly used arflaces elsewhere on the web.
This could also accommodate reviews and access dtadata (e.g. using the
CHARMe button).

‘Taster’ datasets which provide the user with ackilook at the particular data being
considered could be beneficial. These could be réided using social media feeds
and should be quick to download (i.e. <20MB).

The ability to select specific time periods, ge@imaal regions, etc. before
downloading the data, but with the option of usmmg able to get quick look plots in
advance of downloading.

Different levels of quality should be indicated &jty-controlled long-term record,
near real-time operational data without quality tooln experimental data sets with
possible shortcomings etc.). All such data sets ldvdee helpful for different
applications of climate researchers and it'd bey\ezipful if this can be reflected by
the data base

Along the same line: a detailed search engine besomore and more important,
similar to what we have for CMIP5 data. It shoulgmssible to find data records by
time period, spatial coverage, temporal resolutmmysical parameter, quality level,
satellite processing level, etc.

One important factor for some ECVs is the availgbibf an observation simulator and this

should
accura

be clearly identified as part of the metad#¥¥ithout this modellers may be unable to
tely compare their model data with the stgdloducts.

Recommendation 3: To ensure European datasets are efficiently submitted to the
Obs4MIPs site for climate modelling applications a dedicated resource needs to be
provided. ESA, EUMETSAT and potentially C3S datasets all should be considered.

4.2.2 Datasets for monitoring and attribution of climate change

Climate scientists more focussed on detailed mongaand attribution will often need more
detailed datasets than 1 deg monthly means. Fee tteses the archives of the data providers
(i.e. space agencies) will be a more appropriatation to get the full dataset from. As with
Obs4MIPs the suggestions given above apply eqtmliigese websites and in an ideal world
a similar interface for all agencies would be pratiée to reduce the learning curve the user

has to

endure for each site. There are severardift options to provide satellite datasets to

users as listed in Table 2 and different applicetiwill require different options. The length
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of the record is often a key factor for these aggtions but observation simulators (see above)
can also be important.

Recommendation 4: All agencies to strive to provide a common interface for accessing
satellite climate data records.

4.2.3 Datasets for reanalysis applications

Reanalysis productions are normally performed atndlical Weather Prediction (NWP)
Centres. These are well connected to most spaceiagein particular, and data producers, in
general. This direct and open dialogue facilitéiesdata distribution to the reanalysis centres
while being often instrumental to drive upgraded anprovements to the satellite retrieval
algorithms.

Two aspects are particularly important for reanesgys
= The data homogeneity and consistency; and
= The characterization of the observation uncertainty

Regarding thelata homogeneity and consistency, a number of activities have been launched
over the past decade or so that represent a gewtihgt point, although often limited to
specific data types and not always with the clingatd reanalysis communities in mind, for
example:
= The Global Space-Based Inter-Calibration System (GSICS, http://gsics.wmo.int/) is
an international collaborative effort initiated #8005 by WMO and the CGMS to
monitor, improve and harmonize the quality of olkagons from operational weather
and environmental satellites of the Global Obsen@ystem (GOS). Although the
focus is primarily on operational weather forecastdenefit for climate reanalysis
applications can also be envisaged. Agencies iedlvare EUMETSAT,
NOAA/NESDIS, JMA, KMA, and CMA/NSMC.
= The NASA and NOAA agencies have produced a 40-yeag record of ozone
retrievals from the SBUV/SBUV-2 instruments usinfixad algorithm.
= The CCI community is looking at both aspects armmfrdifferent perspectives,
especially for what concerns data consistency (mgsistency between data records
from similar instrument types, from different ingtnent types measuring the same
parameter, and across ECVSs).
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Recommendation 5: All agencies to define best practices towards data
homogeneity and consistency, to share findings from current efforts and to
promote more systematic and wider international collaborations on data
homogeneity than currently exists.

The uncertainty characterization has also recebagde attention in the last few years. This is
a crucial aspect for any study, but it is of paramtamportance for applications that rely on
data assimilation, as the impact an observationdegends inversely on its uncertainty. A
recently launched Horizon 2020 projeEtdelity and uncertainty in climate data records from
Earth Observations: FIDUCEC') aims to create new FCDRs that include state-efati
information about observational uncertainty. Thejguet will define best practice to follow,
how to define and propagate through different pseirg) levels the observational uncertainty.
This will be applied to four key instrument types:

= Meteosat Visible and Infra-Red Imager (MVIRI), 193216

= Advanced Very High Resolution Radiometer (AVHRR)82-2016

= High-resolution Infra-Red Sounder (HIRS), 1982-2016

= Microwave humidity sounder series (SSM/T2, AMSUNE;IS), 1992-2016

FIDUCEO represents an initial effort that can pdwe way to additional activities covering
the vast majority of available and used instruments

Recommendation 6: Agencies and data retrieval experts to promote efforts such as
that of FIDUCEO in terms of best practice, and knowledge on providing information
on uncertainties to extend that work to other data records.

4.2.4 Datasets for initialising seasonal/decadal forecasts

The recent development of starting to issue seasondecadal forecasts at various centres
has resulted in a need for observations to irsgathem such as sea surface temperature and
height, snow and ice cover, soil moisture, oceatutation, stratospheric state, solar spectral
irradiance, etc. Such fields are required for of@nal production and so are needed in near
real time and therefore cannot use the climate @stards. Hence in some cases these fields
are taken from operational NWP model analysesHeratmosphere but for the ocean good
observational datasets on ocean circulation areortapt. There are also runs in hindcast
mode when climate data records can be used taliséithe model runs which may be better
than using a near real time product from modelyaesl or observations. For evaluation of the

* http://www.fiduceo.eu
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seasonal to decadal forecasts then a whole rangjeraite data records are valuable to assess
how well the forecasts perform.

4.2.5 Datasets for specialised non-expert use

With greater access to, and ever increasing volwhebmate data, there exists outside of the
mainstream climate research community a small sesers who are interested in working
with climate data in a non-research and non-comialesetting. Such users are typically
schools, local environmental groups, volunteer oiggions or charities which have
environmental interactions (e.g beekeepers, bircheas) and outdoor or sporting
associations (e.g. skiing groups). There data neeelssmall scale but specific and their
specific knowledge (often with a local focus) camegtimes provide valuable information in
a research context. These users can only work opn data, especially if it has been
processed at source to take it closer to theirireopents. Frequently this group is classed as
citizen science, and as such in some countriesvecacknowledgement and support.

4.3 Routine evaluation of ESMs with observations with the ESMValTool

CMIP is now moving into its 6 phase (Eyring et al., 2016¢). Given the diversityd
complexity of Earth system models (ESMs), we arina¢ the CMIP community has reached
a critical juncture at which many baseline aspettsodel evaluation need to be performed
much more efficiently to enable a systematic ammidr@erformance assessment of the large
number of models participating in CMIP. To suppatitine evaluation in CMIP and at
individual modeling centers, community tools sushlee Earth system model evaluation tool
(ESMValTooP, Eyring et al., 2016a) are developed that allowdomparison of single or
multiple models, either against predecessor vessi@m against observations. The
ESMValTool has been developed in such a way thditiadal diagnostics and performance
metrics can be easily added. The priority of thiorefso far has been to target specific
scientific themes focusing on selected Essentiah&k Variables and a range of known
systematic biases. The tool also integrates otlaekgpes, such as the NCAR Climate
Variability Diagnostics Package or the cloud regiener metric, and can reproduce most of
the analysis of the IPCC AR5 evaluation chaptere HSMValTool together with other
efforts such as the PCMDI metrics package (PMPcKide et al., 2016) can be used to
broadly and comprehensively characterize the pmdoce of the wide variety of models and
model versions that will contribute to CMIP&rror! Hyperlink reference not
valid.Ultimately, we envisage running these tools aloigshe Earth System Grid Federation
as soon as the CMIP model output is submittedzirtdi observations available in standard

® http://www.esmvaltool.org/
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formats (obs4MIPs) or provided by the user (Eyen@l., 2016b). The ESA CCI is exploiting
a large number of satellite observations to crealbest long-term global records of selected
ECVs from numerous satellites and instruments.

In the second phase of ESA CMUG, a subset of tha EEI Phase 2 ECVs has been
implemented into the ESMValTool. ESA CCIl data smtplemented so far include sea
surface temperature, sea ice, cloud, soil moistarg cover, aerosol, ozone, and greenhouse
gases (Lauer et al., 2017). These ESA CCI datanoanbe fully exploited for the evaluation
of new CMIP simulations in a much more effectivenmer than this was previously possible.
It is envisaged to include additional ESA CCI dasethe project moves on.

Recommendation 7: The ESMValTool facilitates routine evaluation of the CMIP models
with observations. A subset of the ESA CCl data has already been integrated. To
enhance this capability for CMIP, we encourage experts to develop new diagnostics that
fully exploit additional ESA CClI and other data while considering observational
uncertainty.

5. Conclusions

An analysis has been made as to how the climatemeonty can be better served with
satellite climate datasets in the future. As altesumumber of recommendations were made
which are given here as a summary and should beidened by the space agencies for
possible implementation.

A European funded site similar to the UCAR sitewdtidoe setup for climate datasets (both
satellite and in situ) which is regularly updated ancludes a social media feed. Data suitable
for Obs4MIPs should additionally be contributedthes international archive that facilitates
the use of model output and observations.

To enhance the Obs4MIPs site as outlined in thpsrte We encourage ESA and other data
providers to contribute observations for model eatbn to the Obs4MIPs archives alongside
with a technical note and observational uncerta@stymates.

To ensure European datasets are efficiently subthitb the Obs4MIPs site for climate

modelling applications a dedicated resource needsetprovided. ESA, EUMETSAT and
potentially C3S datasets all should be considered.
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All agencies to strive to provide a common integfdor accessing satellite climate data
records.

All agencies to define best practices towards detaogeneity and consistency, to share
findings from current efforts and to promote mongstematic and wider international
collaborations on data homogeneity than currentigts.

Agencies and data retrieval experts to promotertsfieuch as that of FIDUCEO in terms of
best practice, and knowledge on providing infororan uncertainties to extend that work to
other data records.

The ESMValTool facilitates routine evaluation oetiEtMIP models with observations. A
subset of the ESA CCI data has already been irtejr&o enhance this capability for CMIP,
we encourage experts to develop new diagnostidsfulia exploit additional ESA CCI and
other data while considering observational uncetyai

It is believed that if these recommendations wetedaupon then climate scientists in Europe
would be better served with climate quality sateltlata records.
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