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Analysis of how the CCI datasets will meet climate modellers needs

1. Purpose and scope of the Technical note

The purpose of this document is to comment on hiog groposed ESA climate change
initiative (CCI) programme will meet the currentdafuture needs of climate modelling and
reanalysis applications. The aim of the documenbiprovide ESA with an overview and

review of the expected use and value of the CQfgar of products by the Climate Modelling

Community (CMC).

The basis for the CCI climate datasets is the Rito8pecification Documents (PSDs) recently
issued by each of the CCI project teams defining dlatasets they plan to produce. The
versions of the PSDs available to the Climate MedelUser Group (CMUG) at the end of
May 2011 were taken as the input to this analySMUG is tasked with providing the ECV
teams with feedback on their specifications and thibeing done in a separate document by
CMUG (CMUG, 2011). The expected science valuecgrdgted here is in part conditional
upon the extent to which the ECV teams address#iues raised in that feedback. Subsequent
evolutions of the datasets may change the assetsgiean in this report.

The utility of the datasets for each of the 10 e8akclimate variables (ECVs) listed in Table 1
is first considered separately, followed by an wsial of their combined benefits. Only the 10
currently ‘active’ ECVs are included in this docum@nd only the requirements for climate
modelling, reanalyses and trend analyses for deteend attribution are addressed here. It
should be recognised there will be wider applicagifor some ECVs than climate modelling
(e.g. NWP assimilation) but these are not spedijiealdressed here.

This document attempts to answer for each ECVdhewing questions:
- Summarise applications for each ECV
- Consider what datasets are available now andjhesad by the modellers
- Comment on how the new CCI datasets for eaclabigriwill build on the existing
datasets for the various applications identified
- Document what is missing for climate modellinggpses

The aim is to provide the reader with an overvidwbat added value the CCI datasets might
bring to the climate modelling and reanalysis comities in the 2012-2018 timeframe
(commensurate with CCI Phases 1 and 2 which areethto run from 2010 to 2013 and 2013
to 2016 respectively).
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2. Introduction

The climate modelling and reanalysis communitiesiacreasingly making use of satellite data
to initialise, assimilate and validate their modeBne impetus for this is the increasing
complexity of the physical processes now represeirtehe models and also the increasing
resolution (horizontally and vertically). In a retesurvey carried out by the CMUG on the
most important ECVs for climate model validatior:aprecipitation, radiation budget, water
vapour and cloud but many others are now of inteécethe CMC.

ESA has funded 10 consortia to develop thematmatk data records (TCDR) for 10 specific
ECVs, as defined by GCOS, which are listed in Tdbkes part of the CCI programme. The
ECVs chosen are those which ESA sensors can maga aontribution to. The 10 consortia
were formed during the summer of 2010. One of it& fasks of each consortium was to
develop a user requirements (URDs) and productifsgon (PSDs) for their proposed

products. The URDs were derived in a number ofrdvavays from face to face interviews to
on-line web questionnaires, and an analysis of rdsults was carried out. The GCOS
requirements (GCOS-107) were used as the baselithehen further developed taking into
account the separate CMUG requirement analysis (GMPO010) where several different
application areas were considered in addition e0GCOS long term monitoring requirement.
A more recent evaluation of the requirements by G@@d other initiatives such as the CMIP5
model comparison exercise which will feed into thext IPCC AR-5 report were also

considered.

From the URDs products have been proposed to best the user requirements where
possible. In some cases the user requirements thenoet and a judgement has to be made
whether the TCDR will be useful for climate modedjior reanalysis applications and this is
addressed in this report. The URDs contain infolmnahot only on the parameters required
and their accuracy but also on the data formatsgssibility, metadata and documentation.
These aspects are not reviewed in detail heret sitanticipated that all the CCI datasets will
meet the requirements of the modellers in thiseeisp

ECV Science L eader
Cloud Deutsche Wetterdienst
Ozone Belgium Institute for Space Aeronomy
Aerosol DLR/Finnish Met Institute
GHGs Univ. Bremen
SST Univ. Edinburgh
Global Land Cover Université Catholique de Louvain
Sea level CLS (Collecte, Localisation, Satellites)
Ocean Colour Plymouth Marine Labs
Glaciers Univ. of Zurich
Fire Burnt Area Univ.of Alcala

Table 1. The 10 CCI ECVs and the lead institutes.
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3. Overview of climate modelling community

The principal European climate models which wilkguially benefit from the new satellite
datasets being produced by the CCI are listed bieTa. Typically the global models are now
run at a horizontal resolution of 100km with 50dbsvbut continuing to increase in spatial
sampling below 100km and number of levels up to.ID@e standard climate models are
expected to increase in resolution for the nextGPAR6 report to around 50km resolution.
Some climate groups are already using 0.5 degrdehimiher atmospheric models already in
research mode.

Lead Model name(s) Model components Model resolution
Institute

CC AT LU | Atmos. Ocean

MOHC HadGEM2-ES ° ° ° N96L38 |1°L40
HadCM3C ° ° N48L38 |1.25°L20
IPSL IPSL-M4_v2 ° N48L19 |2°L31
IPSL-CM4-LOOP | e N48L19 |2°L31
MPI MPI-ESM ° ° ° T63L47/ | TP10L40/
T159L95 | TP04L80
FUB EGMAM+ ° ° T30L39 | T42 L20
INGV ECHAMS-OPA-C |e T31L19 | 2°L31

CNRM CNRM-CM5 ° T1271.31|1°L42
NERSC BCM2 ° T63L31 |2.4°L35
BCM2-C ° ° T63L31 |2.4°L35
EC-Earth | IFS+NEMO+ ° ° T159L62|1°L31
Reanalyses
ECMWF ERA-Interim/ ECMWEF IFS model | T159L60/
ERA-40 T255L60
KNMI/ EURO4M HIRLAM/UM 25km/L70
MOHC
MyOCEAN | GLORYS NEMO/ORCA025 0.259/501
ECMWF HOPE 1.0°/29L

Table 2. European Ingtitutes and their current ocean-atmosphere coupled GCMs and Reanalyses
with additional features listed. (CC=carbon cycle component; AT=aerosol transport/chemistry
component; LU=transient land use change component; e = model component included.)

The various physical processes represented inreadel are also indicated which governs the
type of satellite data needed to validate the diffe processes. The number of processes
represented by the models is expanding all the tamnd this increases the need for
observational datasets to verify them. Many of iimdels listed in Table 2 are taking part in
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the CMIP5 comparison which is currently underway &was a range of variables which will
need to be validated by satellite data.

The CCI datasets will not be available in timeifgut to the IPCC AR-5 report but on a longer
timescale they will be useful to help assess thdREMnodel intercomparison results.

Apart from the global perspective there are alsmymather regional climate models run in

Europe covering individual nation states and thewpdfit both from the global model runs

through providing boundary conditions and a dessenpling of the satellite datasets. These
regional models typically have resolutions in tlege 10-50km and a list of them are
documented in the D1.1 report from CMUG (CMUG, 2010

There are several different applications of saéelliata for climate modelling which are listed
here:

- Climate Monitoring and Attribution

- Model Initialisation and Definition of Boundary Cditions

- Model Development and Validation

- Input to reanalyses

- Data assimilation for seasonal to decadal forecasts

- Quality control of in-situ data

Some applications are more important than othersefch ECV. An overview of the
applications applicable for each ECV is given inblEa3 with an assessment of the most
important applications and more details of the nespents for each application are in Annex B
of the CMUG URD (CMUG, 2010b).

Climate Prescribe Re- Data Model Cli.malte QIC in
_I_\/Ic_)del_ Boun_d_ary analyses| Assimilation Develo_pmgnt Mon_ltor!ng/ situ data
GCOSECV Initialisation | Conditions and Validation | Attribution
Atmospheric
Cloud properties X X X
Ozone X X X X
Greenhouse gases X X X X
Aerosols X X X X X
Oceanic
SST X X X X X X X
Sea level X X X X X X X
Sea-ice X X X X X X
Ocean colour X X X
Terrestrial
Glaciers and ice caps X X X X
Land cover (inc veg) X X X X X
Fire X X X X
Table 3. Requirements of CCl ECVs for climate research. The primary applications have the bigger
Crosses.
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The following sections give a review by the CMUGtbé proposed datasets for each of the
ECVs that were documented in the PSDs at the end/aj 2011 and their potential
contribution to the climate modelling and reanaysommunities. There is a table for each
ECV giving the proposed primary products as defimethe PSDs (highlighted in yellow) and
the corresponding user requirements from GCOS-1@¥ tae 2011 update and the more
detailed CMUG (2010b) requirements analysis. THsa&s an easy comparison of how well
the ECV products will meet the user requirementse Versions of the PSDs used are given in
Annex-A. Several comments on the proposed prodetdse to the time span covered by them
which in some cases is rather limited in phase thefCCl. It is expected that the gaps in the
time periods for some ECVs will be filled, whereté is valid satellite data, as part of phase 2
of the CCI project. For those ECVs with limited &mpans at the end of phase 1 it is unlikely
they will be of much interest to the climate mouhgjland reanalysis communities and it will
also make any assessments of products for theses Eiff\¢ult.

4. Commentson the potential contributions of datasets from each ECV team

4.1 Sea surface temperature

The sea surface temperature record is an impomaitator of climate change and the sea
surface skin temperature is something which can dasily inferred from satellite
measurements. The long term global SST recorded as one of the key indicators of climate
change. Secondly climate quality analyses suchaa8SET (Rayner et. al. 2003), which extend
back in time for more than 150 years, are usedit@lise climate model runs both free running
and forced by observed SSTs. SST analyses areisdsbfor decadal and seasonal forecasting
through assimilation in coupled ocean-atmospherdetso Finally they are also important to
define the ocean surface temperature for reana(gsgsERA-Interim).

At present the main input to SST analyses are shipsys (drifting and moored) and satellite
datasets. The latter that are currently used ag iopSST analyses are summarised here. Firstly
the NOAA/NASA Pathfinder and GHRSST AVHRR bulk S8atasets are available from
several NOAA polar orbiters at 8km resolution tigbhuhe NASA PODAAC and from the
METOP satellite at 1km resolution from the EUMETS®ECean Sea-lce SAF. They provide
good coverage in cloud free areas and go back&@a b8t are only accurate to 0.5degK. The
(A)ATSR SST ARC skin and bulk SST dataset (Merchengl., 2008) provides less coverage
in cloud free areas than AVHRR but is far more aatau(better than 0.15degK) and will be
used as the reference SST for all other datasets 991 onwards once released to the
community in 2011. A reanalysis of the OSTIA SS&teyn used in real time has been carried
out which includes all available satellite datakbtr 1985 and this complements the HadISST
climate quality analysis which is more conservativés data use (e.g. no microwave SST data
are used). For input to the IPCC AR5 report it lenped to use the new HadISST2 climate
analysis which for the first time includes both (A@ATSR and AVHRR satellite SST datasets.
HadISST2 is also being provided to ECMWEF for th&trgeeneration of reanalyses. To provide
more complete coverage SSTs from the geostatiosegflite imagers can also be used but a
consistent reanalysis of SSTs from geostationatgllgas has not been carried out to date.
Finally microwave sensors with low frequency chdsre 10GHz or lower can be used to
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provide SST measurements through cloud albeit ahbn accuracy of 0.5degK but providing
good coverage especially in persistently cloudyomgwhere there is a paucity of in-situ data.
The AMSR-E and TMI datasets have SST datasets dmaocg to 2002 and 1998 respectively
which have been reprocessed by Remote Sensingn®ystdie current baseline is that most
climate models and reanalyses use the HadISST 88lys& which is based on in-situ data
(ships, buoys) and AVHRR SSTs back to 1982.

The CCI SST team are planning to provide reprockdag¢asets from the (A)ATSR series and
the AVHRR series from 1991 to present. The methagiolis well proven as the ARC
precursor project has already managed one repingesisthe entire (A)ATSR data. The CCI
(A)ATSR dataset should be an incremental improveroear the existing ARC SST dataset in
terms of better cloud detection and treatment efetarly ATSR-1 period with stated accuracies
of 0.1K over 1000km scales and a stability of Oéifi{l The resolution of the level 2 data is
stored as 0.05deg or <10km which matches the G@Q&@rements and most of the CMUG
applications as given in Table 4. The reductionagturacy for smaller regional areas is
important to quantify for trend monitoring. For nadlthg applications the uncertainty for
individual measurements, which will be higher, e timportant parameter. The AVHRR
pathfinder SST dataset (version 5) has signifidaases especially during periods of high
aerosol loading (e.g. Saharan dust outbreaks, iaatruption) and so there is more scope
here to reduce the errors by applying the sameadetbgy as used already for the (A)ATSR
reprocessing. It is anticipated the CCI (A)ATSR &MHRR datasets will replace the ARC
and AVHRR pathfinder datasets as input to the diengguality SST analyses and for reanalyses
when they become available with consequent imprevesnin the climate model and
seasonal/decadal predictions produced. The SSTawdinhata record should also be improved
for detection and attribution of trends. It is adsticipated the GHRSST community will adopt
these new CCI datasets when they become availaltheg will be available in the L2P format.

Application reosréfgtr;(t)art]l Temporal sampling | Accuracy Stability Source

All 0.05°(~5.6 km) 1 day 0.1K 0.1 K/decade | SST CCI PSD
Target 1km 1 hour 0.1K

All Breakthrough 8 km 3 hour 0.126 K | 0.1 K/decade GCOS
Threshold 500 km 1 day 0.2K

Trend monitoring 10 km 1 month 0.1K 0.05 K/decade CMUG

Seasonal forecasting 100 km 1 day 0.1K 0.1 K/decade CMUG

Decadal forecasting 50 km 1 month 0.1K 0.1 K/decade CMUG

Climate quality analysis 50 km 1 month 0.1K 0.1 K/decade CMUG

Reanalysis 1 km 3 hour 0.2K 0.1 K/decade CMUG

Table 4. Products and Requirements for the SST ECV as stated by GCOS, CMUG-1..2 and the proposed
SST CClI project PSD.
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There are some additional climate datasets thatddmeiuseful for SST but are not included in
the CCI. For climate trend monitoring and reanadyisavould be better to start the SST dataset
in the late 70’s or early 80's when AVHRR data veasilable even though the measurement
uncertainty is higher. This period has not beemaegssed carefully yet. Also the resolution
required both temporally and spatially for region@hnalyses is higher than provided by the
CCI SST datasets. Another element could be to ingpthbe spatial coverage through use of an
improved microwave SST product from AMSR-E, TMI goaksibly the SMMR instrument to
go back to 1978. These activities would further ioye the SST analyses for climate
applications especially for the early satellitergea

4.2 Ocean Colour

The impact of climate change on marine ecosystemghe ocean carbon cycle, from global to

regional scales, can only be quantified by usimgyiterm data sets, including satellite ocean

colour. Synoptic fields of ocean colour (e.g. ded chlorophyll concentration), are used as an

index for phytoplankton biomass, which is the senglost important property of the marine

ecosystem. Ocean colour is also the basis to prierary production (C@uptake by algae)

and is currently the only source of observatiorathdffering complete global coverage. This

offers a wide scope of ocean colour applicationsckvinclude:

= Jnitialisation and verification of coupled ocearsgeochemical models and potentially
ocean-atmosphere-biogeochemical models at basinregidnal scales to improve the
representation and estimation of ocean carbon ajielgnostics, e.g. primary production,
the exchange of C{between the ocean and the atmosphere.

= data assimilation in ocean models for paramet@masibn, using data to constrain poorly
known model parameters for the purposes of impuapresentation of the carbon cycle.

Ocean colour data provide the observational lirtkvben the ocean ecosystems, the physics of
the mixed layer and the heat fluxes between tharoead the atmosphere.

The merged ocean colour dataset that is primadgduby the community at present is
GlobColour which started in 2002 and continuesh® present. This dataset has associated
error characteristics required by the modelling oamity. Single sensor datasets also exist
from the CZCS, SeaWiFS, MODIS and MERIS instrumenith the first one extending the
record back in time to 1978 although the qualitytted CZCS data may not be adequate for
climate applications. Recently new ocean coloussenhave been launched by China on FY-3
and by Korea on a geostationary satellite, COM$|ths too early to assess their suitability for
climate purposes. Assimilation of ocean colour datacean biochemical models is still in its
infancy but work has started using SeaWiFS data (Matvik and Evensen, 2003; Hemmirgys
al., 2008). Ocean colour data has not been usedlifoate model runs to date and so its
exploitation for climate modelling is still to bewkloped.

The proposed CCI dataset from the ocean colour tedirbuild on the GlobColour dataset by
using a better quality input dataset of level 2 MERvater leaving radiances{3eprocessing)

which has improved atmospheric correction and obegrefits. A consistent dataset will then
be derived at least back to the launch of SeaWhF®97 using MERIS, MODIS and SeaWiFS
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data. It is not clear yet whether CZCS data willatse to provide data from 1978 to 1986 as
the data quality is marginal.

Table 5 compares the overall requirements for dployll alpha concentration from GCOS, the
CMUG synthesis and what will be provided by theasceolour CCI team and in general the
proposed dataset meets the requirement for assonila to models which is the most critical
requirement. The issue of applicability for Casarfd Case 2 waters will need attention as
ideally users will want to use the dataset for bcakes. Quantification of derived chlorophyll
in the optically more complex Case 2 waters isficdit task due to the presence of non-algal
particles and dissolved coloured material that significantly contribute to the colour of the
water. We believe it will be challenging for the C€am to achieve the accuracies stated in
Table 5 as to date accuracies no greater than 3&&lheen achieved for both Case 1 and Case
2 waters combined so the utility of the actual setst may be compromised if the level of
accuracy is not achieved.

In addition to chlorophyll alpha concentration thermalised water leaving radiance is the
main geophysical measurement from which the chlylb@lpha concentration is inferred and
it can be anticipated that an observation openaiibin the future make it possible to compute
water leaving radiance from the model’s ocean setfdhe modelling community will then be

able to use the water leaving radiance as the pyimaasurement variable.

Parameter Application RHe(z)srioZI(L)th]i?rI] Obé;e(r:\l/éng Precision Accuracy Stability Source
Derived
chlorophyll | Al 1km 1 day 10-25% | 25-30% 19 | O
a
GCOS Not
monitoring 1 km 1 day 5-25 % specified 3% GCOS
Trend o o o
Derived monitoring 4 km 1month 30 % 30 % 2 %/decade| CMUG
chlorophyll
a E)fgg:;'ing 50 km 1 month 30 % 30 % 2 %/decade| CMUG
Assimilation 4 km 1 day 30 % 30 % Not applicable] CMUG

Table 5. Products (in yellow) and Requirements for the ocean colour ECV as stated by GCOS,
CMUG-1.2 and the proposed ocean colour CCI project PSD.

There are other more tentative parameters alsmpeapby the Ocean Colour CCI team which
are not part of the GCOS requirements list butliated here. The climate community do not
have clear requirements for these yet and the extewhich these are best computed within
the model itself having used the standard oceavucq@roducts needs to be assessed. They are:

» Diffuse spectral attenuation coefficient (Kd) lik® water turbidity

* Inherent optical properties IOP (i.e. absorptiaattering and back scattering)

* Absorption by coloured dissolved organic matter, GMD which are degraded

planktons and contribute to the carbon cycle.
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* Suspended particulate matter, SPM

» Phytoplankton functional types, PFTs

» Particle size distribution PSD.

* Photosynthetically Available Radiation, PAR

For ocean colour the main limitation at presenthis lack of sufficiently accurate satellite
products which is linked to the sparse in situ oliag network as there are only a few buoys
capable of measuring ocean colour and hence abldittate the global satellite datasets. If the
ocean colour CCIl team achieves its accuracy/pretisbjectives this will be a real step
forward. The other limitation is the short timeissr(only from late 90’s) assuming CZCS is
not used.

4.3 Sea Surface Height

The diagnostic of sea level change from coupled o&here-Ocean General Circulation
Models (AOGCMSs) has only recently been considerethe Coupled Model Intercomparison
Project (CMIP). The results of projected sea lewger this century from multi-model
ensembles were published in the scientific liteatabout 10 years ago and the analysis of a
sub-ensemble of AOGCMs was included in recent IP€ports. Before that, IPCC scenarios of
sea level change concerned only global mean sedded were calculated by means of single
column models. Even if single climate models remairy useful to evaluate sea level change
under a very wide range of emission scenariosgdugraphical changes in sea level change
provided by the AOGCMs is an added value allowiegional estimates. Regional estimates
remain challenging due to the limited consistendytlte projections between different
AOGCMs. Progress is also limited by the fact th&@CMs for which the oceanic component
is a rigid-lid model, cannot provide this part bétsea level that is due to mass changes linked
to precipitation and evaporation at the ocean sarfand mass redistribution associated to sea
level pressure and ocean dynamics. This impliesviith these kinds of models, we have only
access to the steric components of sea level cheaitiger associated to temperature change
(thermosteric) or to salinity change (halosterig) bnder a constant mass hypothesis.

New developments are expected from the analyst®dMIP5 results that will be included in
the next IPCC AR5. Global averages and geograplfiielals of sea level change, steric sea
level change, and thermosteric sea level changpateof the recommended outputs from the
models giving access to a wider range of diagn®gtiem the AOGCMs. In addition, more
models including a free-surface oceanic compondhpvovide regional estimates of the mass
change component due to the water flux at the omeaface and to dynamical effects.
However, the contribution of ice-sheets and glacmeelting to sea level change are not directly
provided by the AOGCMs and will have to be estirdatelependently.

The increasing interest of the CMC for these diagios is because sea level change is a key
issue for climate change impacts and also becdueseamparison with sea level inferred from
observations could become a new common way of medaluation. In spite of the above
limitations concerning the meaning of the diagrasstirom models, the comparison of
simulated sea level change with observations froenlast two decades could indeed provide
some constraint on the simulation of internal ctenaariability or even on the predictability at
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the decadal scale that will be studied in the cdarat€ CMIP5. The analysis could be performed

at the global scale through the analysis of mearieseel, but also at the regional scale since it
has been shown that the steric component is thendmtpart of geographical variability of sea

level at the interannual and decadal scales.

Long time series of homogenized observations ase akeded to perform the long term
monitoring of sea level, to test for the detectodra signal of change that cannot be explained
by internal variability of the climate system amdattribute those possible detected changes to
natural or anthropogenic forcing. Datasets frone gduges allow a reconstruction of sea level
over more than a century. However these datasets $everal limitations due to their poor
coverage since they are mainly located in coastdsaof the Northern Hemisphere, only a
fraction of the tide-gauge stations have been wgrkover several decades and the
measurements need to have filtered out effects fiidm variability and land movement.
Satellite-derived sea level are unaffected by thesiations providing valuable observations
over the last two decades. These observations lsarba used to reconstruct retrospectively
sea level changes from tide-gauges for the préltatgeriods using the information on spatio-
temporal variability inferred from the satelliterymal.

Precursor satellite datasets already exist ovepéned 1992-2011 and can be accessed though th8@yortal
(http://www.aviso.oceanobs.com/en/home/index.htRecently, multiple ensemble climate simulations
have been produced for the Fourth Assessment Repdhe IPCC (Leuliette et. al. 2006). Nearly twozédn
coupled ocean-atmosphere models produced modelitotlitat can be compared to the long record of eeeal |
provided by altimetry. Generally, the output frohese runs is used to initialize simulations of fatalimate
scenarios.

Parameter Application Honzontal Observing Accuracy Stability Source
resolution cycle
Global mean sea . L Not SL CCI
level Climate applications Applicable 10 days 0.2-0.4cm| <3 mm/decade PSD
Target 25 km 1 day lcm
All Breakthrough 50 km 3 days 1.5cm Not specified GCOS
Ocean dynamic Threshold 250 km 30 days 5cm
topography
Model develop_ment and 50 km 1 month lcm 2 mm/decade CMUG
Evaluation
Long term momtorlng and 25 km 2 days 1cm 2 mm/decade CMUG
attribution
Regional sea level Climate applications 25 - 50 km 1 week lcm <1 cm/decade SL CClI
Target 25 km 1 day lcm
All Breakthrough 100 km 2 days 2cm Not specified GCOS
Threshold 1000 km 10 days 10 cm
Coastal sea level
change
g Model develop_ment and 25 km 10 days lcm 2 mm/decade CMUG
Evaluation
Long term momtorlng and 2 5km 2 days lcm 2 mm/decade CMUG
attribution

Table 6. Products (in yellow) and Requirements for the Sea Level ECV as stated by GCOS, CMUG-1.2
and the proposed S CCl project PSD.
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The added value of the CCI Sea level ECV is to jpl@@ higher quality dataset in particular in
terms of temporal homogeneity and reduction ofrerrdhis will not have a big impact on the
issue of coupled climate model evaluation due éopibor performance of these models and due
to the need to estimate independently the contabutf mass change due to continental ice
melting. However, this could have an impact on acgdamate model evaluation in particular at
the regional scale when those models are constrauité observations (e.g. a Mediterranean
Sea model forced by downscaled atmospheric reaslys

Another anticipated positive impact concerns thenibooing and detection/attribution studies
for which temporal homogeneity of observed data istringent requirement. In addition a
better accuracy and stability is important for ocelata assimilation. The impact of the new
CCI product on ocean assimilation is part of theveag of the CCI project science team and
will be tested within this context. Potential impements could also come from improved
ocean initial conditions for climate predictionleast at the seasonal scale.

The description of the precise requirements for $isa Level ECV is given in the URD
produced by the CCI project team. They are comparetable 6 with those that have been
proposed by GCOS and by CMUG (2010b).

Even if it is incomplete for some applications @eereanalysis, ocean model initialization),
this table gives a general view of the agreemetwdxn the proposed specifications and the
requirements identified by CMUG. The requirements & particular similar in term of
resolution and accuracy. The CMUG requirementseompbral sampling are more consistent
with a merged product combining satellite obseoratnd tide gauge data and thus can be
accommodated with the CCI team proposal for thellgatderived product. The same remark
also applies for the CMUG requirement on stabiifyh also the fact that the more stringent
value of CMUG also applies for multidecadal tremdther than the CCI team proposal that
applied to decadal ones. Some disagreements vt @OS target requirements are discussed
in the URD document. However it appears that ibktlerough requirement are also considered
the gap is not so wide with the CCI team proposhe GCOS requirements are also in a
revision phase to meet the constraints of satebteervation.

4.4 Aerosol

Atmospheric aerosols (both tropospheric and stphieisc) are of great importance because of
their impacts on human health, atmospheric visjhitontinental and maritime ecosystems, the
stratospheric ozone layer and the Earth’s climAg.a result dedicated monitoring of their

concentrations and properties on global scalesdslired. There is a need to understand
regional to intercontinental transport of aeroswisorder to design efficient policies for

monitoring of aerosols and their precursors andssiomn abatement strategies. The impact of
aerosols on climate is often cited as one of thestmumcertain factors governing climate

change. Aerosols have offset part of the warmingeeted from anthropogenic emissions of
greenhouse gases. It is important to decreasenttertainties on the aerosol radiative forcing
terms (direct and indirect) because this will cimtre to better constrain the climate sensitivity
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from current observational climate records. Fomeple, it has been shown that the error in the
top of the atmosphere outgoing longwave earth tadisbudget in the Met Office climate
model over dusty areas of the Sahara desert was gfeater magnitude than the error
associated with both convective and stratiform dfou'he current aerosol climatologies within
global models are extremely basic and often cown$isie-invariant two-dimensional fields

Aerosol data from satellite remote sensing has dolimited use in climate modelling until
now. This is in part related to large uncertaint@sretrievals for aerosol amount (i.e. aerosol
optical depth AOD). These uncertainties are intoedlu by an insufficiently defined
background signal (especially over land) and arp@gsumptions for aerosol composition,
which often do not apply. Currently, there are dbdudifferent AOD data-sets available, with
different strength and weaknesses by regions aasose These datasets include also more
recent pre-cursor AOD data of GlobAerosol (199570MODIS deep blue (2003-present),
MISR (2000-present) and MODIS (2000-present). Tthadard MODIS retrieval, in its current
version (collection 5) is probably the most mataerosol satellite product with potential
information for the morning (am) and afternoon (pah)each location. Assimilation of these
MODIS pre-cursor aerosol data for amount (aerosmical depth) and size (Angstrom
parameter) is being undertaken with the MACC syss#nrECMWF. With limitations to the
accuracy and the coverage over land the use dfitgateerosol datasets in modelling is still in
its infancy. The AATSR aerosol optical depth pradhas also been investigated within the
MACC assimilation system and found to be less uslfe to poorer temporal coverage and a
less mature algorithm. In addition, AATSR AOD datee not available in real time. An
important constraint for climate models is the cirénk between aerosol and clouds, as
interactions between aerosol and clouds are highlertain and as a consequence poorly
parameterized in modelling. Relating individual sl retrievals to properties of near-by
clouds spatially (e.g. AATSR or MERIS) or both splly and temporally (e.g. MSG-SEVIRI)
would provide useful observational constraints twdeiling.

The aerosol CCI team has documented the satebitesal products required for climate
applications in its URD. For climate model procegsglies potentially all the parameters might
be of interest. For trend analysis aerosol amowm @erosol optical depth), aerosol
composition (via aerosol absorption optical depii) aerosol size (via the spectral dependence
of the aerosol optical depth preferably yielding anstratification of size contributions by
aerosol larger and smaller thapnl in diameter) are required. Table 7 compares énesal
requirements GCOS, CMUG and the proposed CCI datzsen from the PSD.

It should be noted that given the key role of aglra@s the climate system and the growing
maturity of aerosol applications, user requiremesnts likely to develop rapidly over the
coming years. This presents significant opportesitor the CCl Aerosol products to make a
big impact on climate science but also a challdngeeep up with the user needs. The aerosol
products proposed by the CCI team will be the firae such a large number of diverse sensors
are used to derive a range of aerosol products. pfbposed two years of data should be
enough for comprehensive algorithm evaluationsassist in detailed model process studies
involving aerosol and other atmospheric properteeg. clouds or ozone) related retrieval of
complementary data from the same sensor or attleasiame platform for these proposed two

14 of 33



Ref.: D2.4: Analysis of how CCI datasets will meet climate modellers needs

CMUG Deliverable

Number: D2.4: Analysis of how the CCI datasets will meet climate modellers needs
Due date: August 2011

Submission date: 6 October 2011

Version: 1.2

years are needed. These associations could beystranth geo-stationary data (e.g. MSG-
SEVIRI) as spatial associations id complementetehyporal association. At this stage the use
of geostationary data is covered neither in thes@+CClI nor in the cloud-CClI.

Parameter Application Horlzon'tal Observing Precision | Accuracy Stability | Source
Resolution cycle
Aerosol optical
depth at SpSOnm and | Not specified 10 km 1 day Not Not Not A(E:rcc):slOI
specified specified specified PSD
other wavelengths
Aerosol optical Trend Not 0.01
. 5-10km 4 hours - 0.03 ’ GCOS
depth at 550nm monitoring specified /decade
Model 1 km 1 hour 0.02 0.02 Not | cmuc
development applicable
. . S oilat 1 hour
Total extinction Assimilation 5-20km | (for500—1000|  0.02 0.02 . 'I\:S;ble CMUG
optical depth (e.9. MACC) points) PP
(at4 VIS + IR Decadal
wavelengths) : 50 km 1 month 0.02 0.02 0.0L 1 cmuc
forecasting /decade
Trend 0.01
o 25 km 6 hours 0.02 0.02 ' CMUG
monitoring /decade

Table 7. Products (in yellow) and requirements for the aerosol ECV as stated by GCOS, CMUG-1.2
and the aerosol CCI project PSD for aerosol optical depth.

The take-up of CCl aerosol products in applicatibased on data assimilation (e.g. reanalysis
of atmospheric composition in the frame of actestsuch as MACC), will depend on a number
of product characteristics, some of which are nett gvailable. If suitably developed, the
single-sensor AOD Level-2 products (orbit-/swatlsdml instantaneous retrievals) could be
candidates to become input to the MACC assimilatigstem, but acceptance as input would
depend,nter alia, on expert judgement regarding the quality of iee/ products in terms of
their random and systematic errors and their staleic. The CCI product specifications do not
currently indicate provisional quantitative expéictas for such characteristics. These
judgements typically take into account validatiati\aties and other science applications that
provide insight into the quality of the new prodyjdboth in absolute terms and in comparison
to other products (e.g. from MODIS), emphasizing kiey role of product assessment by the
aerosol-related climate research community. Itukhdoe noted that during the User
Requirements exercise, MACC participants expresseateshold temporal extent of 1-3 years
from the “MODIS era” (target 1982-present), andhaeshold temporal sampling of 500
observed locations per hour. (target 1000 locatipes hour). Instantaneous temporal
resolution was requested for the Level-2 produantsl, data covering both day and night are of
interest. In the timeframe of CCl Phases 1 ande®y merosol datasets from the CALIPSO
mission are expected to provide valuable infornmataond together with MODIS aerosol
products arguably provide a benchmark for CCIl adnpsoducts.

Although hourly aerosol products from geostationarggers are available, useful data-quality

products over land have been only demonstrateM&6-SEVIRI (by Y.Govaerts), which will
not provide global coverage. The coverage of ex¢ra@rosol events by the CCI products is
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limited to the years to be processed of 2008-20@%ich do not include any major volcanic
eruptions, which are often used to test the modetler anomalous conditions. Finally, the
proposed aerosol dataset will not provide long texaords for trend analysis.

45 Cloud

In recent years there has been a recognition bygltimate modelling community that if real

progress is to made in reducing uncertainty dueldad feedbacks — which have consistently
been identified as a major contributor to uncettesin climate predictions by successive
IPCC reports, including AR4 — then major effortsedeto be focused on improving the
representation of the physical processes assoaiatedlouds in climate models. A key aspect
of this activity is wider and improved use of skitel observations to (a) evaluate model
performance and (b) inform and contribute to theettgoment of better models. In practice, the
latter involves providing information that can bsetully employed in the development and

testing of improved physical parameterizations.

- Horizontal | Observing -
Parameter | Application Resolution Cycle Accuracy Stability Source
Not ® .- CClI Clouds
specified 10 km 1 day 8-15% Not specified PSD
Cloud Trend 50 km 3hours | 5-10% 0.3-3 GCOS
amount monitoring %l/decade
Model 10 km 1 hour 10 % 1 %lyear CMUG
development
Not Not L CCI Clouds
specified oLl e specified NEE ST PSD
Cloud top Trend 3-15
pressure/ monitoring 50 km 3 hours 15 - 50 hPa hPa/decade GCOSs
height
Model 10 km 1 hour 10hPa | 10 hPalyear CMUG
development
Not L CCI Clouds
specified 10 km 1 day 2-5K Not specified PSD
Cloud top Trend 0.2-1.0
temp monitoring 50 km 8 hours 1-5K K/decade GCOS
Model 10 km 1 hour 025K | Not specified CMUG
development
Not 2 .- CClI Clouds
specified 10 km 1 day 15-30% | Not specified PSD
Cloud Trend 50 km 3 hours 25% | 5%/decade GCOS
water path monitoring
Model 10 km 1 hour th. Not specified CMUG
development specified
Cloud
) Not Not L CCI Clouds
effec_t|ve specified oLl e specified N S PSD
radius
Trend 1-2
monitoring 50 km 3 hours 5-10% o%/decade GCOS
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Model 10 km 1 hour 1um 1um CMUG
development
Not Not - CCI Clouds
specified 1 i 12y specified et EEEER PSD
Cloud Trend
optical i 50 km 3 hours 10 % 2 %l/decade GCOS
monltorlng
depth
Model 10 km 1 hour th. Not specified CMUG
development specified

Table 8. Products (in yellow) and requirements for the cloud ECV parameters as stated by
GCOS, CMUG-1.2 and the cloud CCI project PSD.

Following on from IPCC AR4 the modelling communhgs given a considerable amount of
thought to how this might be achieved, leadinght® development of CFMIP (Cloud Feedback
Model Intercomparison Projechttp://cfmip.metoffice.con)/ and, in Europe, the EU-funded
EUCLIPSE project lttp://www.euclipse.e)/ There is great emphasis in CFMIP on bringing
together the global modelling and process modelimgmunities (through the GEWEX cloud
systems study — GCSS) in order to make progresmdarstanding cloud feedbacks, and it is
clearly recognized that these cannot be separététias if this aim is to be realized. CFMIP is
thus the essential starting point for understandivegcurrent and future requirements of the
climate modelling community regarding the provisafrsatellite cloud observations to achieve
aims (a) and (b) described above.

Indeed, CFMIP has already given a great deal ofsidemation to the observational
requirements of the modelling community (skgp://climserv.ipsl.polytechnique.fr/cfmip-
obs.htm), including developing data sets specifically dasd for this purpose
(http://climserv.ipsl.polytechnique.fr/fr/cfmip-obs@ations-3.htm). These respond to the
increasing requirement for observations which amsistent with model outputs. Furthermore,
this has been the main driver for the developmémhadel simulators, and in particular the
COSP (CFMIP observational simulator packdmdgp://cfmip.metoffice.com/COSP.htjnithe
primary aim of which is to facilitate more reliableomparisons between models and
observations.

This ‘process-oriented’ approach to using satelibservations began around a decade ago
when modellers began to make increased use offdatathe International Satellite Cloud
Climatology Project (ISCCP). This included, and was fact largely driven by, the
development of the ISCCP simulatottf://cfmip.metoffice.com/ISCCP.htinithe precursor to
COSP. This effort has increased substantially ama mcludes using data from CloudSat,
CALIPSO, MODIS and MISR, simulators for all of whiare now included in COSP which is
the current baseline for use of cloud productslbgate modellers. The CMUG requirements
for model development in Table 8 reflect this altbb the CCI products offered are not exactly
what the modelling community have asked for.

Turning now to the CCI clouds project, we can mahke following observations: (i) the
proposed data sets have not been formulated wathetiuirements of the modelling community
as a priority; (ii) as such, they largely do notatnthe current and near-future requirements, of
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climate modellers as outlined above; (i) in whicdse, it will be difficult to generate interest
in these data sets within the community (CFMIP, EURSE, etc), meaning that take-up and
use of the data by climate modellers is likely #lbw. Interest would increase if retrieved
aerosol products from clouds could be related pads and time) associated aerosol properties
from the same sensors (through a collaboration thgghaerosol-CCl).

The specific issue from the modelling perspectieacerns the nature of the defined CCI
products. The quantities proposed (total cloud armhomean cloud top height, etc) are now
considered of only limited use for model evaluataod development. These products can be
compared to similar model quantities but the comspas are very much first, or even zeroth,
order and are not very informative for either idigimg model errors or indicating possible
ways to improve parameterizations.

For example, these high-level products do not wiligdefine the radiative impact of cloud,
which is the key to understanding cloud feedbadcgsses. This was one of the main reasons
for using ISCCP data, as it does provide a diredt between clouds and their radiative
impacts. Similarly, the widespread use of new diatan CloudSat and CALIPSO results from
the requirement for more-detailed observationshef\tertical distribution of clouds: again, the
CCI products will provide only very limited inforrtian on this. It follows from this that the
CCI clouds products cannot be said to fill a gampared to what is currently available nor
will they build on existing data sets currently dis®/ the modelling community. The PSD very
briefly refers to the possibility of performing mess studies with the data, although no specific
examples are given. In any case, it is difficulinn@gine how these data could improve on what
is currently being used and planned for the ne&uréuin this respect (from a modelling
perspective). Finally, a further concern is witle theneration of merged products from quite
different sensors. Such products are difficult tahbinterpret and use: indeed, the rationale
behind the simulator approach is precisely to awaidh difficulties by generating model
equivalents of single-sensor products. It is tholikaly that such products will be attractive to
modellers. In another document (ESA, 2011), itlasnced that Level-2 products from the CCI
Cloud project “should in principle address manyta model developers’ needs”, but the PSD
does not give details of such products and theiicipated quality so it is not possible at
present to form a view on the probable outcomes.

The CCI clouds project is essentially defined by @COS requirements and is to a large extent
formulated within the framework of the GEWEX cloadsessment, the primary objectives of
which are not oriented towards climate modellingtfie sense of corresponding to the goals of
CFMIP and EUCLIPSE). In this context, if the prdjeés able to demonstrate that the final
products provide reliable descriptions of long-terariability and trends then this may be of
interest to modellers for evaluation studies. Hosvewt should also be noted that the PSD
suggests that trend detection will not be attamaldased on current estimates of the
requirements for stability and accuracy. CCI clowdé provide input to other CCI projects
(e.g. SST, aerosol, etc) and may thus benefit theéethng community indirectly through these
interactions.
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4.6 Land cover

Global Dynamic Vegetation Models (DGVM) simulates tivater, energy and matter fluxes as
function of the land surface state. Informationlamd cover and its dynamics is an important
variable for global and regional climate modellioger many timescales. It is used for the
initialization as well as a boundary condition iG®Ms. The land cover information is hereby
translated into surface parameters (e.g. albedd, fr#ctional vegetation cover) which provide
the lower boundary condition for GCMs. On the oth@nd, detailed regional land cover
information provides very valuable information famocess studies like e.g. the assessment of
the impact of fires.

Thus, even though land cover data provides esseqigdial patterns of different land cover
types, the land cover classes need to be transiattednodel relevant surface parameters or
plant functional types (PFT) to be used in the nedEhe mapping of land cover information
into model parameters is performed using literatata (Hagemann, 2002; Poulter et. al. 2011)
or remote sensing based climatologies like e.g. EOMIAP (Champeaux et al., 2005).

Currently existing land cover products as derivexinf the GlobCover project or MODIS data
provide land cover information with high spatialtale(< 1 km) compared to typical model
resolution of current global (> 100 km) and regiof¥al0 km) models. The sub-scale spatial
heterogeneity of the land surface is representetidjractions for each of the land cover types
within each model grid cell (tiling). Next genemti global climate models will resolve the
spatial heterogeneity of the land surface with mmcine detail (~ 10 km).

Remote sensing based land cover data is widely ursddGVMs. In most cases, a single
realization of a land cover map is used which amdtated into model relevant parameters by
either prescribing the surface conditions by a atwfogy of surface variables or by specifying
the spatial distribution of PFT’s through a land/@omap. Major obstacles are hereby the
different definitions of PFT’s and land cover typ€airrently existing land cover data sets are
limited to specific years. No long-term consistghibal land cover data set exists yet which
could be used as a boundary condition in modealeeddal timescales.

Due to the large discrepancies in scale, curren/ & can not make full use of the high
spatial resolutions of land cover information pd®d from remote sensing data. However, a
higher resolved dataset is definitively requirecestimate the sub grid fractions of each PFT.
The combining of high resolution land cover datshvaincillary remote sensing information of
the land surface state (albedo, vegetation charstits, and fire) allows for a detailed
description of PFT parameters and allows for mogtited studies of the impact of fire.
Combining land cover data with ancillary state &akes (LAI etc) is only useful if they are
consistent with one another and with the land cpveduct used for their application.

The CCI landcover project will provide a new higésolution land cover data set with well
characterized uncertainties. The product specifinatare in agreement with the overall needs
of the climate modelling community as shown in Ea®l The landcover product will comprise
a land cover classification which is more compliaith currently used PFTs and should thus
reduce the uncertainties in the translation fromd¢mver classes to PFTs. Further, the data
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product will include ancillary information aboutetHand surface state as derived in other
projects. This additional information is expectede of high value for prescribing land surface
states in GCMs if the different surface variables @onsistent with each other as well as with
the landcover classification. Additional benefit flecadal climate analysis is expected if the
CCI landcover project would deliver a long termrhanized multi-decadal landcover data
record beyond the SPOT/MERIS era. There is a streggirement to go back to 1995 if

possible with AVHRR 1km data to extend the timescahd test models over a longer time
period.

. . Horizontal . S

Parameter Application resolution Temporal sampling Accuracy Stability Source

.- Best stable map and 2 ® CCl Land
Land cover Not specified 300 m S R 90 -95% > 85 % By
Land cover Not specified Not specified Not specified Not specified Not specified el o
Change cover PSD
Land cover Model 300 - 1000 m 2 -5years 5-10% <10 % CMUG

development

Land cover Trend monitoring | 300 - 1000 m 2 - 5 years 5-10% <10% CMUG
change

Table 9. Characteristics of proposed CCI land cover products (in yellow) from the CCI land cover PSD
and CMUG user requirements.

4.7 FireBurned Area

Fire is an integral Earth System process, whidorgrolled by climate and at the same time
impacts climate in multiple ways. Burned area (BAinbined with information on fuel load
and combustion efficiency allows an estimate &f @mitted trace gases and aerosols. These
emission estimates can be applied in climate — @tgmmodels to asses their climate impact.
In addition, fire is an important disturbance fadtr vegetation dynamics. Global vegetation
models that simulate the vegetation dynamicallyapeaterise fire occurrence. Alternatively,
observed BAs can be prescribed as boundary consitio

The Fire CCIl User Requirements Document (URD, verdi.1 issued 09/02/2011) described

user requirements for burned area products defroaad a questionnaire completed by actual or
potential burned area product users. Analysis efgnestionnaire revealed that the most useful
product types are burned pixels, followed by burpatches and gridded products. For the
gridded product higher resolution (0.1 x 0.1 degreeekly) was preferred over coarser

resolution (0.5 x 0.5 degree, monthly). In all cattee preferred projection was regular lat/long
grid. Requirements for accuracy and stability &ted in Table 10. These requirements are in
line with the CMUG UR, but less stringent than B€O0S requirements. The URD noted that
the GCOS requirements cannot be met by presentbgesystems.

The requirements were translated by the Fire C@mntento product specifications (PSD,
version 1.5 24/02/2011). The BA product will cataf a pixel based and a gridded (0.1 x 0.1
degree) product. The gridded product will be maiolly interest for climate modelling.

However, the products should be consistent to b&ulr the science community as a whole.
Both products should be available for the singlasees applied and as a single merged
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product. To estimate biomass burning emissions fBAnproducts additional information on
the vegetation type that burned is needed. Thishaile to be included in the metadata section
of the BA gridded product as fraction of vegetatigpe per burned area and not as fraction of
dominant vegetation cover per grid area as propwstte PSD. If possible the vegetation type
information should be consistent with the land ¢d@€1 product.

Both the Fire URD and the PSD did not specificalfijgress the time series length required for
useful applications of burned area products indifferent fields. However, the URD noted that
users preferred products that cover long time spags GFEDv3 1997 -2009). The time series
length will be key for the application of the BAqgaluct in climate models. BA can be only
used as boundary condition in a DGVM as a globadipct that covers a multiyear time span as
fires have a high interannual variability and thdividual fire seasons in fuel limited regions
are not independent but correlated. The proposedsy&999, 2000, 2002, 2003 and 2005
(DARD) will not allow the usage of the BA produat boundary condition within a DGVM nor
will it allow an evaluation of global fire parametation included in DGVMs.

The interest in the fire CCI product from a climatedelling perspective will depend on the
quality of the product compared to already existamgl widely applied products such as the
MODIS based GFEDv3 product which is currently tlesddine for fire emission inventories

and global vegetation model applications.

Additional metadata information on burn intensitprh fire radiative power (FRP) could
improve biomass burning emission estimates asoivala better representation of combustion
completeness. Although, FRP will be not the tangetduct of the fire CCI it should be
considered as possible metadata information.

Horizontal . -
Parameter Resolution * Temporal sampling Accuracy Stability Source
Target 2.3 days 5% 5%
. FIRE CCI
Burned Area | Gridded 0.1x0.1 degrees | Breakthrough | 6.1 days 15 % 15 % PSD
Threshold 8.8 days 25 % 25 %
Target 0.25 km 1 day 10 %
Burned Area | Breakthrough 1 km 1.5 days 20 % 5% CMUG
Threshold 5km 3 days 30 %

Table 10. Products (in yellow) and requirements for the Fire ECV from the Fire CCl PSD. * The Fire
PSD does not specifically comment on the horizontal resolution, but rather analysed the useful ness of
different product types. Burned pixels were rated as most useful, followed by burned patches and
gridded productsin 0.1 x 0.1 degree resol ution.

4.8 Greenhouse Gases (GHG)

To comment on the relevance of proposed CCl GH@ymts, it was necessary to supplement
the PSD (Version 1 Draft 3, {4ebruary 2011) with the current GHG URD (Versioi$'d
February 2011) which specifies the quantitativgets for key quality characteristics (random
and systematic errors etc).
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The primary application for the proposed GHG pradwegould appear to be determining the
distribution of greenhouse gases, such as & CH, to sufficient quality in order to estimate
regional sources and sinks. The need for prodacteted at such applications is recognized
by the description of GCOS Product A.9 (Distribatiof greenhouse gases, such as @
CHa, of sufficient quality to estimate regional sow@nd sinks) and the CCI GHG project is
explicit about their focus on this application. Nghthere are certainly climate-related
applications that would need different GHG produdigrther discussion of those applications
is beyond the scope of this document. It is ofrsewconceivable that other climate-research
applications will develop ways to benefit from thpposed GHG products but it would be
disproportionate to explore those possibilitieshis document. The current baseline for use of
GHG datasets in models is the assimilation of k@eheasurements of G@nd CH inferred
from AIRS, GOSAT, IASI and SCIAMACHY within the MAC reanalysis. In some cases
these are from radiances and in other cases froeh 2eproducts.

For the application under consideration, i.e. estiom of regional sources and sinks, the URD
is comprehensive in specifying targets for randerorgsystematic error and stability. It also

specifies important ancillary requirements, e.ge theed for information to construct

observation operators. Cross-cutting requiremastslescribed by CMUG, e.g. the need for
routines and documentation to easily ingest EC\dpcts, are also acknowledged.

The requirements set by the CClI GHG team givenabld 11, if achieved, would represent a
major step towards fulfilling GCOS requirements. hey are broadly in line with the
requirements gathered by CMUG. As such, theréasprospect that the proposed products
will find a use in assimilation-based applicatioamshe frame of activities such as MACC, but a
number of challenges remain. In particular, agtah the GHG URD, the ability to achieve
systematic error (“accuracy”) targets is challeggiand so acceptance by the user community
will depend on a successful research effort tobdistaeffective strategies and algorithms. Such
acceptance is typically based on expert judgemaistake into account validation activities
and other science applications that provide insigiat the quality of the new products, both in
absolute terms and in comparison to other sourt€3HE information In this context, it is
relevant to consider a number of existing datasstsdbenchmarks: first and foremost the
ground-based networks of surface observations, lwisimuld be expected to find use in
validation, and secondly existing satellite-basddG5products from Envisat/'SCIAMACHY
and GOSAT/TANSO and from AIRS/IASI. The GHG teame damiliar with the existing
products, making them well-placed to address thetufes, especially those concerning
systematic errors that detract from climate-quaiitythe datasets. The amount of progress
made on these issues, as evidenced by thorougtiatrah and error characterization, will
determine the level of uptake by applications sashtMACC. It should be noted that users
such as MACC typically give weight not only to teeidence supplied by the data providers
but also to the assessments and expert judgemeathef users with related applications
emphasizing the key role of product assessment hey GHG-related climate research
community.
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Parameter Application Horizontal Observing Precision Accuracy Stability Source
Resolution Cycle
) Satellite Ta 9 3 1 ppblyr
Total Regional (2000 km)? e as
column | source/sink “single Monthly B 17 5 5 ppb/yr PSD
CH, determination Instrument
pixel” Th 34 11 10 ppb/yr
. 0p -
Total Regional Ta 10 km 3 hours 20 ppb 0.5% -5 ppb 5 ppblyr
column | source/sink B 50 km 4 hours 40 ppb 0.7% -7 ppb 7 ppblyr CMUG
CH, determination [ 1" To50km | 6 hours 100 ppb 1%-10ppb | 10 ppblyr
) Satellite Ta 0.3 0.2 0.2 ppm/yr
CO, Regional (1000 km)> GHG CCl
total source/sink ~ “single Monthly B 1 0.3 0.3 ppmlyr PSD
Column | determination et
pixel Th 1.3 0.5 0.5 ppm/yr
Total Regional Ta 50 km 3 hours 3 ppm 0.5 ppm 0.5 ppm/yr
column | source/sink B | 100km | 4 hours 4 ppm 0.7 ppm 0.7 ppm/yr CMUG
CO, determination Th 500 km 6 hours 6 ppm 1 ppm 1 ppm/yr

Table 11. Products (in yellow) and user requirements from CMUG and proposed CCl product
specifications for GHG. Target, breakthrough and threshold and values, marked as Ta, B and Th
respectively, are given for the requirements.

The current proposal is only for one year of GH@doicts in 2010 which does not allow a
good comparison with other ECVs such as fire, laoeer and aerosols. The CCI team should
be encouraged to provide datasets for a “goldeaf gng with these other ECVs.

One aspect that arguably warrants more attentiogezas the reporting in the GHG products
of numerical quantities related to correction o$teynatic errors. These aspects of product
generation are, as noted by the GHG team, sombeoimbst challenging from the scientific
perspective, and thus deserving of scientific seyuand validation in their own right. Thus,
the reporting at pixel level of parameters derideding the computation of systematic error
corrections is considered advisable by CMUG. T#ia cross-cutting issue relevant to several
ECVs and CMUG advises all ECV teams to consideewasion of their product formats to
facilitate comprehensive validation of their erchiaracterization.

In conclusion, even if GHG products are already poted for other projects like MACC (the

current products are the precursors on which assa® can already be performed) , the
ambition of the CCI project to get higher precisiand accuracy is justified to be able to
provide more accurate evaluation of the sinks/sumdistribution needed to improve the
models and for climate monitoring.

4.9 Ozone

Ozone, total or partial columns and profiles areimportant variable to monitor for climate
include in climate models. Ozone is the third latggreenhouse gas as stratospheric ozone
absorbs the ultraviolet sunlight that heats thatssphere. Ultraviolet radiation, when not
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absorbed by ozone contributes to a reduction ohamgt. As a result stratospheric ozone exerts
a negative forcing globally. Tropospheric ozone,iclwhabsorbs infrared radiation, has a
positive forcing on surface and tropospheric terapge. Ozone distribution is affected by
dynamical and chemical processes. Its presendeisttatosphere results from dissociation

by photons (photolysis) but is strongly perturbegduip-lifted reactive components (e.g. NO
bromine, chlorine, etc.) and anthropogenic emissidArocesses determining ozone 4D-
distributions are important to understand to be ablpredict ozone hole evolution not only for
long range forecasts but also at regional scald$arshorter ranges.

Ozone total column has been measured from thecgudimce 1930 (Dobson technique). The
distribution of ozone is easy to quantify from #age observations. The most well known

technique is UV spectrometry (TOMS on Nimbus 7 8id®78). Thermal infrared absorption

has also been used with HIRS on NOAA since 1978ibuhe thermal IR the measured

radiance is more sensitive to high troposphereoar $tratosphere, and is also affected by
temperature. However, advanced infrared soundkesIASI on Metop give more accurate

measurements of temperature profiles and a mom@sprestimate of the ozone at the UTLS
(upper troposphere, lower stratosphere) where amiative effect can be important to

understand dynamical processes and radiative fpreimb sounders working in the UV (solar

occultation), IR (Thermal emission) or in the Mistave domain (MLS) deliver accurate

profiles with a very good vertical resolution butacse spatial resolution. They also contribute
to an improved process description for the modeie. ground based information (lidars), or in
situ (SAOZ, ozone sondes) are sparse but are veejulufor long term trends and also

validation of models.

Chemical transport models (CTM) have been develag&dh include a full description of the
chemistry and make use of NWP fields to descrilee diinamics. They are well suited to
analyse specific events in detail. There are calplé/P + CTM models used for short range
to seasonal forecasts where satellite observatiomsised to initialize or are assimilated. They
are used for confrontation with the model evaluatis well. Reanalyses are performed with
these models where satellite data have been usenre point. The CCM (Chemistry-Climate
models),which include a fully interactive represdian of stratospheric ozone (and very rarely
tropospheric ozone) are key tools for attribution aprojection of stratospheric ozone changes
arising from the combined effects of increase & @HGs and reduction of ozone depleting
substances (ODS). They are evaluated by satellite th the framework of the CCMVal2
exercise.

Long series of total ozone columns have widely besed to monitor the trends. NIWA has
already built up a climatology based on TOMS SBW\ &BUV/2 data from 1979 to 2000
which has been widely used to validate the CCM<(DMs). A multi sensor reanalysis of data
from 1978 to 2008 is also now available (Van deetAal., 2010). Ozone data are also being
assimilated in reanalyses (e.g. MACC) using daaenfSBUV, OMI, GOME and Sciamachy.
Finally there is also an interest to validate ibgasses are represented in the models through
analysis of regional events at the poles (ozone Hepletion) or stratospheric ozone descent in
the troposphere. The satellite total columns, lmdmsurement or nadir profiles are then used,
with their errors. Short time series of satellitequcts (level 3 or assimilated fields) can then
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be used to be compared with the CCM outputs (@fiéalization with current conditions).
Finally, models with very good observations cam &ls used for attribution to climate change.

The ozone CCI team has documented the satellitlupts required for all climate applications
in its URD. The proposed products remain mostly$ad on the stratospheric ozone. The CCI
team does not mention the ACCMIP project whichhwsbme ozone hindcast experiments,

addresses thguantification of the impact of tropospheric ozdoe

- changes in emissions of ozone precursors (NOx,ig@rocarbons)
- changes in methane
- changes in ozone in the lower stratosphere
- dynamical variability including STE, ENSO, NAO/AO

Horizontal Vertical Observing Accurac Stabilit
Parameter Application Resolution Resolution Cycle %) Y (%) y
(km) (km) (h)
Ozone profile
Higher Model
stratosphere Development and 500 3 48 15 3 %/decade CMUG
& Evaluation
mesosphere | Reanalysis and 0
(HS & M) Data Assimilation 100 1 6 5 1 %/decade CMUG
Middle Nadir viewing Not specified 1-6days |Not specified | Not specified Ozone
atmosphere | | imb Viewing 240 - 500 km 1-6days [Not specified | Not specified | CClI PSD
Lower . _— 1-3 Ozone
stratosphere Limb viewing 240 - 500 1-3 1- 6 days 8-15 o%/decade CCl PSD
Model
L Development and 100 2 72 15 3 %/decade CMUG
ower Evaluation
stratosphere
LS i
LS) Reanalysis and 75 1 6 5 1%/decade | CMUG
Data Assimilation
o L Ozone
UTLS 100 - 200 5-8 1- 6days [Not specified | Not specified cCl PSD
Model
Higher Development and 100 2 72 20 3 %/decade CMUG
troposphere Evaluation
(HD) Reanalysis and 20 1 6 5 1%/decade | CMUG
Data Assimilation
Troposphere (1°X 19 5-8 1-6days |Not specified | Not specified Qi
CCI PSD
Model
Lower Development and 50 2 72 20 3 %/decade CMUG
troposphere Evaluation
S Reanalysis and 10 1 3 10 1%/decade | CMUG
Data Assimilation
Tropospheric - Not - - Ozone
el Not Specified specified Not specified | Not specified CCl PSD
Model
I;‘I’pos phere | bevelopment and 50 72 15 5 %/decade | CMUG
umn -
Evaluation
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Reighalysis and 10 3 5 3 %/decade | CMUG
Data Assimilation
20 - 100 km - - Ozone
Total column (1°X 19 1-6days |Not specified | Not specified CCl PSD
Model
Development and 50 72 15 5 %l/decade CMUG
Total column Evaluation
Reanalysis and 10 6 5 3%/decade | CMUG
Data Assimilation

Table 12. Proposed products (in yellow) from the Ozone CCl PSD and requirements for satellite
observations of ozone.

The product specifications differ slightly from tihequirements given by the CMUG (Table
12). The discrepancies are mostly the horizontal @ertical resolution in the troposphere
(coarser for product). There is no difference betwaccuracy and precision so only the latter
is included in the table. The expected accuraoydse stringent and the stability as well.

The main products that the Ozone CCI project waliveer are described in the latest version of
the PSD. These products do not meet the requirensenhbut in the URDSs. For the total ozone,
the CCI project will provide data from 1995-2003daR007-2008 measured with GOME,
GOME-2 and Schiamachy. It is expected that theesexill be homogenized and that the total
accuracy is improved compared to the existing @atadowever a longer continuous time
series back to 1978 with the first TOMS data amtagdy more useful for trend analysis. So,
despite the greater uncertainty most of the graupsld still continue to use datasets such as
the one provided by NIWA or from KNMI. Regardingetprofiles, for nadir viewing data, the
dataset will be based on the same set of senas<QNII. The time range is from 1995 to 2011
which makes it attractive for trend analysis. Utidoately, it is important to note that it has not
been planned to include IASI data which startedd@7 but will certainly remain available for
several decades. IASI data have demonstrated aeduopospheric profiles of ozone with a
higher accuracy than the UV/VIS profiles. Concegnlimb profiles, the processing of MIPAS
and GOMOS is certainly valuable. However the absesfcMLS is regretted as MLS is the
cornerstone for the assimilation of satellite ozohservations.

4.10 Glaciers and I ce Caps

Glaciers and ice caps are affected by changesinmatd through changes in mean surface
temperature and precipitation, and their temponal spatial dynamics in a changing climate
will affect other components of the climate systis@a level, albedo, and hydrology). Changes
in glaciers and ice caps over time will also prevalimate researchers with information about
trends and attribution.

The simulation of glaciers and ice caps in climatedels is currently through land surface
models (JULES, EC-EARTH, HIGHNOON) and a singleioegl climate model (REMO).
This will likely change in future as climate modeisrease in spatial resolution and the number
of components they incorporate.
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A Horizontal Observing - -
Parameter Application Resolution Cycle Precision | Accuracy | Stability | Source
Not Glaciers
- 15-30m = - - -
specified CCI PSD
Glacier o 3
Initialisation 30m 1 year 0.01 km <5% -
Area y CMUG
0.01
trenq . 30m 5 years 0.01 km? <5% km?/ CMUG
monitoring decade
Not 2= e d\:eizzjse_s - 5o i - Glaciers
_ specified 100 - 10,000 m| 3 - 35 days - 0.2-0.5m - el
Glacier
Topography Initialisation <100 m 1 year 1m 5m - CMUG
trend <100 m 5-10 1m 5m tm CMUG
monitoring years /decade
Daily — .
Not . 25-100m weekly — = Sn;llro = (C;;(I;?C;}S"SD
specified yearly y
Velocity Initialisation 30m 1-12 imiyr | 10miyr : CMUG
months Y Y
trenq . 30 m 1 year 1 m/yr 10 m/yr im CMUG
monitoring /decade
Not i i i ) i Glaciers
specified CCI PSD
Snowline Initialisation 30m 1 year 30m 100 m - CMUG
trend 30m 1 week - 30m 100 m 30m 1 cmuc
monitoring 1 year /decade

Table 13. Characteristics of proposed CCl Glacier products (in yellow) from the project PSD, and
CMUG user requirements.

There will also be a demand for information abdw& €énvironmental and resource impacts of
climate change on glaciers and ice caps (e.qg. iihgoaind water resources). Table 13 shows the
difference between the CCI products, as describéldd Glaciers PSD, and those described by
the CMUG. Metrics for observation measurementhe Glaciers PSD is frequently given as

conforming to existing glacier measurement datadzteds (e.g. GLIMS), and not expressed in

the terms used by climate modellers.

The main datasets for glaciers and icecaps arertiyrin global glacier inventories (GLIMS,
WGMS) which describe areal extent, with other setsering elevation and velocity. A
spatially averaged version of the glacier area pecbdhould be incorporated into the CCI land
cover datasets for initialising climate models. Phi@rity expressed by the Glacier CClI project
in its PSD is to fill the spatial and temporal gdpsthese existing inventories. Thus the
processing and data formats will be compliant whigse existing data sets and not specified for
direct application in climate models.
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5. Overall perspective of CCI contributionsto climate modelling

The ESA CCI programme is the first attempt in Eerép provide significant resources for the
reprocessing of satellite datasets to make thefarfjpurpose for monitoring climate trends and
improving the accuracy of climate predictions. TBection considers the potential overall
benefits to the climate modelling and reanalysisitwinities. It is important to bear in mind
that as models improve and simulate more variahkesange of applications for which satellite
datasets are required will increase and the reapainés on their accuracy will increase. This
document is an evaluation aifrrent and short term future modelling needs.

At the lowest level the ECV projects are provideryimpetus to improve the homogenization
of level-1 data (e.g. ATSR and MERIS reprocessarg) this will feed into some applications

like reanalysis that may use the level productseatlly. There will also be more attention to

consistent use of any ancillary datasets for thvell® to 1 processing. ESA will define the

definitive level 1 datasets that are to be usedHerCClI projects and this endorsement will be
useful for the community.

For many of the ECVs an input to the data procegssiii be model fields and in most cases
the ERA-Interim fields will be used to ensure cstaicy between ECV datasets. This is an
attractive feature of the CCI datasets that thdlyuwse a common model input set of variables
which as they are derived from a reanalysis wilirtternally consistent.

For the higher level datasets if there is consstdretween some of the climate datasets (e.qg.
aerosol and cloud, SST and sea-ice, GHG and ozbie)will increase the interest of the
modelling community. The zeroth order requiremegriehis for the different ECV datasets to
overlap in time and currently this overlap is sulopl as Fire and Aerosol do not overlap and
GHG do not overlap with Clouds and Aerosol. The G&ktrongly recommend that a ‘Golden
Year’ at least is identified where all the ECV tesapmovide climate data records to allow cross
consistency to be checked.

The characterisation of the specified errors fartheaf the CCIl datasets will be an important
activity for the ECV teams to undertake. These rerrare crucial to modellers for several
applications including assimilation in reanalysassessing model processes and interpreting
long term trends in parameters. An ensemble ofiplessolutions for a retrieved ECV dataset
is one way to assess the uncertainty.

For some of the 10 ECVs, the time spans of theymisdproposed in the current PSDs are too
short to be of interest to climate modellers. Qgzokerosols and Fire are all in this category.
Understandably, the climate modelling community egaity expects dataset reprocessing
activities to cover the full period of instrumentdhata available. Interest from the user
community would be enhanced if the PSDs indicaterwinsers can expect to receive long-time
span products. Delays in generating such produtitslelay their uptake in climate modelling
(and by implication IPCC) and reanalysis studies.

The Cloud Feedback Model Intercomparison Proje&M®) project is a good example of an
initiative from the climate modelling community bgiset up to confront climate models with
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observations which in this case is primarily cloagsl water vapour datasets. A meeting of the
group was recently held (seetp://cfmip.metoffice.com/meetings.htnfor more details) and
reaffirmed the need to compare with satellite cloadasets (i.e. ISCCP and CloudSAT). To
facilitate comparisons between the satellite anthsa cloud observations and climate models
a list of points has been defined (currently 11%hwhe aim of better understanding the
processes in the models. The model parametersugvatdor every time step of the model and
on model levels at these locations in order to valldetailed comparisons with the
measurements. Not all points correspond to surftes but are chosen in areas where
important atmospheric and/or surface phenomenardeog. El Nino). The points are defined
on the CFMIP web site and updated periodically (sge//cfmip.metoffice.com/CMIP5.htrl

In the second phase of processing some CCI datzmetse reprocessed using the CCI datasets
created in the first phase (e.g. ocean colour 8835 aerosols use fire and SST uses sea ice). A
complete table of cross linkages is given in Tabdebelow which were compiled by the
CMUG. Some examples of using datasets from difteEe@Vs to investigate consistency,
correlations, feedbacks etc are:
- Aerosols and Ocean Colour and SST to see if ocelurcis affected by deposited
desert dust and water temperature
- Aerosols and Fire to check smoke is detected fices fn the aerosol dataset
- Aerosols and Cloud to investigate how cloud prapsrare modified by high aerosol
concentrations
- Ozone and GHG to investigate the relationship betwsezone and other gases
- Glaciers and Land cover to check consistency
Many more inter-ECV relationships will emerge fréime CCI project activities.

Access to a subset of the CCI datasets, which eaabily compared with climate models, will
be through a common portal on the Earth System @&tid//www.earthsystemarid.org¢hich

is the commonly used portal for climate modellé@rbis ensures the climate modellers will
have visibility of and easy access to the CCI ddatashen they are released in the common
NetCDF format and was a strong requirement fromQaNEC. This is a significant step forward
compared to previous satellite CDRs which were nmadglable to the community on a more
adhoc basis.

It is a fact that to date the use of satellite dataclimate model applications has been rather
limited with mainly Earth Radiation Budget and ISE@ata being the main datasets in use.
However with increasing complexity of climate ma@ow is the time to start to consider
other satellite datasets to be used for model &adid (e.g. aerosols is an obvious example).
For some of the CCI datasets they will provide naducts not previously available to the
climate modelling and reanalysis communities fdneos they will be improvements (e.g.
addition of error estimates) and extensions oftegsdatasets. The provision of observation
simulator tools for most of these datasets willabé@tal component as was shown with ISSCP
data and this development has to be undertakenclatie interactions between the modellers
and data providers. It took 15 years to convineerttodelling community to use ISCCP data
for their model validation and the challenge igeduce this time span to months rather than
years for the new CCI satellite datasets.
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Ocean
SST Sea level Clouds Seaice colour Aerosol GHG L andcover Fire Ozone Glaciers
SST X X X X X X
Sea level X X
Clouds X X X X X X X X
Seaice X X X X X X
Ocean colour X X X X
Aerosol X X X X X
GHG X X X X
L andcover X X X X
Fire X X X X X
Ozone X X X
Glaciers X X

Table 14. An analysis of cross linkages between ECVs indicating where comparisons need to be made to ensure consistency. The left hand
column is the project with the identified need; the top horizontal row isthe provider. The larger crosses indicate where the CDRs generated by
that ECV project would potentially be of use in theretrieval of the ECV listed on the left side.
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7. Acronyms/Glossary

ACCMIP
AOD
ARC
AVISO
BA
CALIPSO
CMIP5
CzCs
DGVM
EU
EUMETSAT
GHG
GOME
HadISST
IASI
programme)
KNMI
MACC
MetOp
NASA
NIWA
OSTIA
PFT

Atmospheric Chemistry and Climate Model hetemparison Project

Aerosol optical depth

(A)ATSR Reprocessing for Climate

Archiving, Validation and Interpretation 8fatellite Oceanographic data

Burnt Area

Cloud-Aerosol Lidar and Infrared Pathfin@atellite Observation (NASA mission)
Cloud Feedback Model Intercomparison Project

Coastal Zone Colour Scanner

Global Dynamic Vegetation Models

European Union

European Organisation for the Exploitat@friMeteorological Satellites
Greenhouse Gases

Global Ozone Monitoring Experiment

Hadley Centre Sea Ice and Sea Surface Tatupedata set

Infrared Atmospheric Sounding Interferomefi@strument on EUMETSAT MetOp

Koninklijk Nederlands Meteorologisch Instittiu

Monitoring Atmopsheric Composition and CliredEU project)

Series of polar orbiting meteorological 8aés operated by EUMETSAT
National Aeronautics and Space Administration

National Institute of Water and Atmospheriesearch Ltd

Operational Sea Surface Temperature andcgeanalysis
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Annex A: Versions of Product Specification Documents used

The versions of the documents on which this refu@5) is based is given in the table below.
These documents are continually evolving.

ECV Version of URD Version of DARD Version of PSD
SST v2 vD vE
Ocean Colour v1.9 vl.4 vli.4
Sea Level issue 1.1 v1.0 v1.0
Clouds vl v1.0 v1.0
Ozone v2.0 vl v2.0
Greenhouse Gases | vl vl vl
Aerosol vl.4 v3.4 vl.l
Glaciers and ice capsVv0.8 Not available v0.5
Land cover v2.2 vl.4 v1.2
Fire v2.0 vl.5 vl.5
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