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CGLS Copernicus Global Land Services

CNES /| SYGNS bldAz2ylf RQO9GdzRSA { LI GAl
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CVH cover of high vegetations

CVL cover of low vegetations
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THEIA Theia Land Data Centre
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1. Executive Summary

The Vegetation dataset of land use/land co@ed/LChand Leaf Area indeit Al)are essential for the
CONFESS peat. One of the mainargetsof this projectisimprovingthe usability otthe information
delivered across different Copdonis Servicewithin the landatmosphere coupled systentt aimsat
usingnew Earth Observations &fULC andvegetationstates andthe impact of their interannual
variability on reanalysis and seasonal forecast.

CONFESS$esthe LU/LCand LAI datdrom the Copernicus Climate Change Service (@8&)he
Copernicus Global Land Services (CfaL.8)e period from 1993 to 2019The LU/LC data jsovided
at a yearly frequency aratdapted to the BATS classificati@iosphereAtmosphere Trasfer Scheme
classificatioh as used withinthe ECMWHntegrated Forecashg System (IFSWhile the LAl data
provided every 1@lays is extended from the 1999 to 1993 with the AVHB&Seddata available
through the C3&nd interpolated to 1km spatial rekdion. The harmonisation of the LAl data from
the two data sources is assuredth a CDF matchingrocedure.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 3
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2. Introduction

2.1 Background

An essential element faissessinghe impact of the vegetation inteannual variability on reanalysis

and seasonal forecasttise availability of observed data that could constrain model simulatidhss

task will produce longerm gap free and harmonized land data sets for the peri6d 32019

related to the land cover, the vegetation status and its variability with the purpose of being used in
land reanalysis and seasonal forecast simulations. The considered data sets are the land cover (LC)
describing the type of surface (forestgassland, cropland, inlandater) and the vegetation status
expressed by the Leaf Area Index (LAI).

The interconsistency of the land dataset in uncoupled land simulations and coupled model
integrations will be facilitated by the data collected in the @88 the CGLS at a native high spatial
resolution enabling to intercompare and interpolate consistently all the fields to a target resolution.

2.2 Scope of this deliverable

2.2.1 Objectives of this deliverable

Thisdeliverable defines the vegetation dataset to beedsn theland reanalysis and seasonal forecast
simulations and describes their generation procedure.

2.2.2 Work performed in this deliverable.

The LU/LC dataastranslated to the IFS BATRssification angirocessedrom the native resolution
to the target smulation resolution for 1992019

The LAI datérom CGLSTHEIAaNnd C3Svasharmonised 6r the period 19932019at 1km resolution
then disaggregated into high and low vegetatmmponents along with an aggregation to the target
simulation resolutions.

2.2.3 Deviations and counter measures

The CGLS LAl {&EOV2@ata was found to havea temporal inconsistenchpetween the SPOT
VEGETATIQNI9992013 andPROBA/ (20132019)periods.An additional harmonization procedure
is applied between these two periods.

The C3S AVHRIRsed LAI data was found to be not gdled and is production procedure slightly
different fromthe CGL82 (GEOVRdata. An alternative source of data which has the samogluction
procedure asghe CGL$EOVs used, this data is thAVHRFRGEOV?2 provided through the THEIA
platform. The following is an acknowledgement for the use of these data:

& ¢ IGBOV2/AVHRR product was generated by CNES in the framework of the Theia land data centre,
a French national inteagency organization. The GEOV2/AVHRR algorithm was developed by CREAF
and INRA. The research leading to the current version of the produectbeived initial funding from

various European Commission Research and Technical Development programs. The product is based
2y !+l ww M]1Y RI{GF 66 bh!! 0O FYR A& RAAGNAOMzI SR
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3. Land Use/ Land cover data

3.1 Original data description

The native data usefbr LU/LC is the ES2ZCI LC data brokered through the C3S Tbhsglobal C3S
LU/LC datés provided aBOOmspatial resolutiorfor 1993to 2019andare based on th&@VHRR, SPOT
VEGETATIQNERIS anBROBA/ satellite and arenadeconsistenthroughout the whole1993-2019
period. A  detailed description of the original data is available at
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satedhiand-cover?tab=doc

3.2 Data processing

The ESACI data processing is performedtinee parts:
1. Aggregation of ESECI land cover classes from 300m to the target resolution:

All pixels at 300m are aggregated to the nearest target resolution grid pointragkmg a fractional
cover for each of the ESBCI land cover classes.

2. Conversiorto the IFS vegetation types:

The output of thetarget resolution aggregated dafeom previous step is thetoaded anda cross
walking tablgTablel) isappliedtransforming the fraction cover of each of ES&I land cover classes
into fraction cover othe IFSBATS/egetation types.

0.40

0.20

0.05

-0.10

-0.30

-0.50

Figurel: Bareground cover difference between €@ maps with the adopted cresslking table- the first version cross
walking table based on the 2015 maps.

The choice of the crossalking table i<rucialfor a correct PFT classificatioss no unique solution is
availableand it would strongly drive the PFT distribution ghdrefore the energy, water and carbon
cycles In this case a first version guided thye United Nations Land Cover Classification System
(UNLCCS) is performed. This first version is then evaluatedh&itand surface mode&utput which
pointed to an overestimation of the bamground cover(Figurel) . Based on these results, a revised
version of the crossvalking table (Tabl&) is adopted aftefurther guidance from member ahe CCl

LC expert team.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 5
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3. Consistencyvith the land sea mads

Forthe targetresolution final producta consistency with the land sea mask is ensured by seiting
points where the inputand sea masindicates waterlém <=0.5to 0.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 6
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Tablel: Cross walking table used to convert the £5A typeghttp://maps.elie.ucl.ac.be/CCl/viewer/download/CIGT_Maps_Legend.pyinto the BATS vegetations types.

L b [} ©
- - 2 X x 3 g3
s S = e | 8¢ = £ z s
IFS
INDEX | 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 19 20
IFS
HILO L L H H H H L NA L L L NA L NA NA L L H H L
0 100
10 90 10
11 90 10
12 30 70
20 90 10
30 60 15 5 5 10 5
40 20 30 75 75 20 15
50 90 5 5
60 30 50 20
61 15 70 15
62 45 30 0 25
70 15 70 10 5
71 15 70 10 5
72 45 30 0 25 0
80 30 50 5 15
81 15 70 5 10
82 45 30 0 0 25
90 25 20 10 30 0 10 5
100 40 5 5 20 10 10 10
110 60 5 10 5 10 10
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120 30 20 50
121 30 70

122 30 70
130 100 0

140 100

150 30 5 5 0 50 5 5

151 30 10 10 50

152 30 50 10 10
153 50 50

160 25 375 375

170 75 25

180 10 80 5 5

190 20 2.5 2.5 75

200 100

201 100

202 100

210 100

220 100

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index
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3.3 Processed LU/Ldatafilesdescription

The LU/L@roducts are generated at the reduced gaussiatahedralgrids To319 (36km) Tm199
(64km)and thereduced gaussialneargrid TL25%80km)resolutiorsfor the period 1993; 2019 with
a yearly frequency

For each year and each resolution 4 grib files are generated:
TVL, TVHontainthe types of low and high vegetationsspectively.
And CVL, CVIdontain thecover fractionof low and high vegetationgspectively.

For illustrative purposeand to show theime evolution of the LU/LCFigure2 shows the maps the
vegetation types for year2000 and 2019 The differences in term of types axery minorand
localised However,in Figure3, the vegetation cover differencdsetween 2000 and 2019 showsore
clear signals especially tlehange from forest to low vegetation coveuch asn the eastern part of
the Amazorand the eastern Siberiamgiors.

a) ESA-CCI 2000; High vegatation type; Tco199 b) ESA-CCI 2019; High vegetation type; Tco199

<)

d) ESA-CCI2019; Low vegetation type; Tco199

Eoes: lwess Bl Ewows oo s Evonesn B e rne [ o imo

Figure2: Vegetation types for 200 (left) and 2019 (right), high vegetation types arapperpanels andow vegetation types
are in lowerpanels.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 9
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ESA-CCI 2000-2019; High vegetation cover difference; Teol 99 mean:0; max0.4

Figure3: Vegetationcover differencebetween2000minus2019 (righy forlow vegetationand (left) for highvegetation

coves.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index
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4. Leaf Area Index data

4.1 OriginalLAl data description

The original LAl dates from the Copernicus global land servis€dGLEglobal LAl Version2 data
(GEOV2hereafter named as CGLS GEOWs Version 2 products generatedat 1km spatial
resolutionfrom Collection 3 of SPOT/VEGETATION data,f8@®2014, fromCollection 0 of PROBA

V data 6r 2014 to 2016 and from Collection 1 of PROBdatafor 2017 to 2019Additionally for the
backperiod from1993 to 1999, LAl data based the AVHRR sensor brokered through @apernicus
climate serviceC33named aC3SAVHRR isxplored AVHRR LAI data based on the same processing
chain asthe CGLS GEO\4hd brokered through TEIALand Data Centrat 0.05 degreespatial
resolution isalso used, named hereafter AVHBEOV?2

Detailed descriptios of the original datds available at:
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-lai-fapar?tab=doc ;

https://land.copernicus.eu/global/sites/cqls.vito.be/files/products/CGLOPS1 PUM LAI1km-
V2 11.33.pdf and

https://theia.sedoo.fr/wp-content-theia/uploads/sites/2/2020/11/THEIA-MU-44-0369-CNES-
GEOV2-AVHRR-Product-User-Manual-V2.pdf

4.2 Harmonisation of th&Aldata

In order to getthe full timeseriesof the LAl dataat high resolutiondifferent products are used. The
chosen reference prodt for CONFESS is the CGLS LEIGREEOV2) data whidh provided globally
at 1km resolution and spans the period from 1999 to 2019. fittiductis alscof interest because its
follow-up data that uses the same processing algoritisqprovided operationally imearreaktime.

The last period of the CGGEOY data (204-2019) corresponds todifferent sensor (PROB®than
the first period (19922013 which was acquired by the SPUEGETATION sens@rsystematic shift
(bias)is discovered between these two periodsd a correctionis appliedto ensure a temporal
consistency between themA cumulative distribution function matchingorrection method CDF
matching that conserveghe mean and the variance of the dachoseras the shift is systematic
and uniform across the periggrigured) although the timeseries is not extensive.

lai =alai +
PROBAV __ PROBAV@ .ﬁ Where,

-
Ot gy | F= 101 spor— @10l ppiygy

r—=

lat, Olai being theLAImean andstandarddeviation.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 11
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Global mean Leaf Area Index from CGLS v2 (GEOV2)
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Figured. Leaf Area Index global mean from CGE®Y time series (1992019) A shift is detged from thebeginning of
2014 corresponding to the change of the sensor to PRO@#een line) and the corrected data with CDF matchitogtéd
red)

As stated in section 4.1, the back period from 1993 to 1999 is provided from the AFHBR2 data
globally at 0.08egree resolution.

A conservative interpolation is firstly applied to this data to coniteat similar resolution as th€GLS
GEOV2 datdkm),this will ensureabenefit from thehighresolutiondetails when harmorsing itwith
the CGL&EOV2 data

A CDF matchingnethod is then appliedon the 1km AVHRIGEOV?2 interpolated data to ensuitee

consistency of the LAI data over of the full 198B19 (actually 1982019) periodbetween CGLS
GEOVand AVHRISEOV2atawithout affecting the trend or the inteannual variability

Global mean Leaf Area Index from AVHRR and GEQOV2

CGLS-GEOV?2 e CGLE-GEOV2 Corrected C35-AVHRR_1km

e AVHRR-GEOW2 1km AVHRR-GEOV2-CDF 1km

Mean LAl (m2/m2)

[ I s e e e S o O B e m e e m s m e e S S e A B m e e s e e e e e S S
K R I K I I N I I K S

date

Figure5: Leaf Area Index global mean from CGIX8/2ime seriesgolid red) CGLS GEOUDFcorrected (dashed red;3S
AVHRR (solid blue), AVHRR GHG@&%hed green) and AVHRR GEOV2cGibécted $olid grey).
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Thedata harmonizatiorbasedsubsequentlyon conservative interpolation and CDF matching results
in a consistentong timeseriesthat covers the period 1982 to 201%igure 5) The datashows its
ability to monitor and deteceanomalousyears such us the 2018 drought over Eur@gedepicted in
Figure6 wherethe 2017 LAtan be larger than the018LAI by4 [m?/m?].

LAl difference July 2017-2018

m2/m2

Figure6: Leaf Area Index globdifference(2017 minu2018 showing the drought related anomatyer Europe (green)

4.3 Processing andshggregation of the LAl data

The 1km harmonised LAI datpanning the period between 199819is availablgo be used byhe
project patnersaccording to their model need

For the ECMWH-S model the LAI daitadisaggregated into low and high vegetatioomponens and
the processing is done thmainsteps:

1. The 1 km LAl is aggregated to the target grid along with a disaggregation into low and high
vegetation.

Each 1km pixel of the harmonized LAl) is aggregated to the target grid total LA&i() andlai_Iv
andlai_hvare derived considering the low vegetation fracti@vl{ , high vegetation fractioncy¢h)
and land sea magksm). cvl, cvhandIsmare derived from aggregated 300m ESEI land oger data
(section 3). The aggregatéal, lai_Iv, lai_hvfor a particular target grid cell considers all 1km pixels
falling inside that grid ce(i=1, n pixels wheredlsm > 0.5. Each 1km pixel is assigned to high or low
vegetation depending onvh, cvland aweighted average orcvhor cvl is taken to derive the low and
high vegetatioriai:

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 13



CONFESS 2D2

l mn
— s
lai - ;_llm r

R . N~ Aevly evl; > cvh;
lai v = L—V;wz x lathr; W= ;wuwi = { 0 evl; < coh;

. I ¢ . = ) cvh; cvh; > cvl;
lai_hv = V_V;wi x laihr; W= ;wz,wi = { 0 coh, < ol

2. The disaggregated low and high LAl is further proatfseconsistency with the land cover map
and to conserve totabriginal LAI product.

The low and high vegetatiolai for each vegetation type are scaled to guaranteasistency in terms
of the annual maximum. For each vegetation type the maximum araua computedaiyy maxand
the median of the distribution is taken as representative for that vegetation tfpg max med A New
lai is computed by scaling the maximuai in each griecell with thelaivy max medveighted by the
vegetation fractioncv, which iscvl or cvhdepending on the type of vegetation):
lai vty maz = max(laivty)

lai'vty_ma:r_med = median(laiviy_maz)
Eaiwty,maw,med
—)))

a = min(5, max(0.2, =
vty_max

laiyy = (1 — cv) X a X latyy, + cv X laiy,

Finally, the updatedai_Iv andlai_hvfor eachdate are scaled to conserve the totai:

4.4 LAl datdilesdescription

The LAI products are generated at the reduced gaussian octahedral grids Tco319 (36km), Tcol199
(64km) and the reduced gaussian linear grid TL255 (80km) resolutions for the periog 2@BBwith
a monthly frequency.

For each year and each resoluti2grib files are generated:

month_lail: catains low vegetation LAI global fields for the 12 months of the year.

month_laih: contains highiegetation LAI global fields for the 12 months of the year.
Additionally,36 netcdf filegyear ofthe harmonised 19920191km total LAl data is providddr each
10-daily periodof the yearwith mid-period timestamp orthe 5th, 15th and 2% of each month.

D1.1 Vegetation dataset of Land Use/Land Cover and Leaf Area Index 14






