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Executive Summary

A daily surface albedo named MDAL is generated oroperational basis since Feb-
ruary 2005 for the European region and since JO05Zor the whole Meteosat disk. Another
surface albedo product, so-called MTAL, is generdtem MDAL every 10 days, thereby
being formulated as ‘climatological’. A regular @eation of surface albedo from
AVHRR/MetOp, ETAL, is available from 2016 for thehale globe. ETAL is a 1km product
that is delivered every 10 days, in phase with MTAbe main algorithm for AL derivation
for both sensors relies first on the implementatéra knowledge of the Bi-directional Re-
flectance Distribution Function (BRDF) product,fao being internal and not distributed. The
approach herein is based on the use of a semi-eal@RDF kernel model, claiming that the
mathematical description of the reflectance anigotrproperties can be equivalent to a sum
of a limited series of angular kernels, each orseiileing a different light scattering process.

The present document reports the first and alsd neggnt results of validation that
were obtained for the LSA SAF AL products. The cangon is carried on for 3 levels of
products: satellite-based, ground truth, and oubpt™WP models. In the case of MDAL and
also MTAL and further ETAL, the a priori satellifgoduct of reference is MODIS albedo
product because it offers long-term perspectiveswéVer, some data comparisons with
POLDER sensor are shown from 2010 because thaimstrtal design of POLDER makes it
suitable for albedo estimates. Ground observatiaksn at the first LSA SAF in situ station
in Evora (Southern Portugal) and in Carpentrastfsauest of France) yield the in situ refer-
ence. In addition the BSRN station of Toravere dhist) and two stations located in western
Africa complete the independent database. Finalg, consider forecast albedo from
ECMWF. MDAL data are compared with the 16-days MGRilbedo product, MOD43B3,
for Europe and North Africa boxes over a period 6fmonths right after the onset of the pro-
duction in 2005. For both continents, results slaagood correspondence for the near infrared
and the total broadband ranges, but also at timet &in overestimation of the visible broad-
band albedo with respect to the MODIS product. Heweit is worth emphasizing that the
standard deviation relative to the mean albedoevaclearly reduced over Africa compared
to those over Europe and values of albedo are lydaeger than over Europe.

Statistical results (bias and standard deviati@tyvben the Land-SAF (MDAL) and
MODIS broadband albedos reveal that during theodedune 2005 to April 2006, the abso-
lute bias for the visible broadband albedo is adoli#o. Possible sources of discrepancies are
angular sampling, reflectance model, narrow to dibead conversion, but more likely differ-
ence in aerosol correction. Note this latter haanldarther explored with time in considering
more recently data sets for the year 2010. Duttvegeiarly era of production, results of com-
parison of MDAL against in situ observations caléet for three contrasted African sites of
AMMA (African Monsoon Multidisciplinary Analysis) m@ject are deemed dependable. In
general, Land-SAF MDAL product overestimates sliglthe albedo with respect to the
ground measurements, likely because in situ sessmmpled more vegetation. Therefore, it
still remains the question of representativenessheflocal ground measurements for the
coarse scale SEVIRI pixel footprint size. Howevarremarkable correspondence was ob-
tained for the more heterogeneous site of Niamegegi)l General conclusion from a compar-
ison with AMMA sites is the ability to MDAL to capte aerosol and rainfall events.



Ref. SAF/LAND/MF/VR_AL/1.4

& LSA SAF Issue: Version 1.4
i Date: 25 November 2016

The evaluation of MTAL was also performed righteafthe production started in
2009. A comparison of MDAL and MTAL broadband albeproducts is carried for 2009
over two confident sites located in Namibia (Goligkend Estonia (Toravere). The main con-
clusion is that MTAL offers more time steadinesgreby better answering specific require-
ments addressed by climate users community foamest

The analysis of time series of the aerosol optitiakness, that are available from the
AERONET project, sustains the existence of a cati@h between surface albedo estimates
and the aerosol optical depth (AOD). This suggtsis aerosols are responsible for a part of
the (spurious) temporal variability remaining ire thIDAL time series. These variations tend
to be smoothed out by the temporal compositionreehélowever, a potential bias remains if
the averaged AOD does not correspond to the cliogital value specified. Thus, there ex-
ists clearly a gain in generating MDAL product @mroving properly aerosol signal.

For such, an experimental MDAL product was perfainier 6 months of the year
2010 in using the AOD at 550 nm issued from the MAIC project (vww.gmes-
atmosphere.gu with the follow-on CAMS (Copernicus Atmospheiidonitoring Service).
This offers a near-real time (NRT) disseminationrajor atmospheric constituents based on
a transport model for atmospheric particles wittic&ted identification of sources and sinks.
MACC forecast of AOD the closest (within 6 hours)he slot is the value retained. Note that
a continental type is still further considered lre tproject for time being. First results are
presented in this document. The conclusion is tthate are slight differences in the results
between both approaches (aerosol correction byattilmgical data, versus use of MACC).
Although these differences are more significant e broadband correction. Hence, the
MACC-based corrected albedo for aerosol is beliesetbe useful and will supersede the
actual operational MDAL and MTAL products in theanduture. In the meantime, these
experimental products are referred as MDALMC andAUNWC for which first elements of
their validation are shown in this document.



Ref. SAF/LAND/MF/VR_AL/1.4

& LSA SAF Issue: Version 1.4
Date: 25 November 2016

Table of Contents

o [0 (o Yo [ T3 1T o 1T 8...
2  Surface AlIDEAO — SEVIRL. ...ttt iieiisiiisesessessenseasensenienss 9.
2.1 Albedo ProducCt IMaAgES. . ... i ittt iitiitiiiitieieiiiiesisieiseiessearereaaenss 9
2.2 Albedo Time Series for Selected PiXelS.....cuuiiieiieiieiiiiiiiiiiiiiennes 11.
2.3 REBUIS. ittt r e iermeesieieieiieiisieieiiaieiieiiieians 14.
2.3.1Top Of Canopy (TOC) refleCtancCe........cvueiieeiiiiiieiiiiiiieieienens. 14
RS T AN | o1=To [ W T T T PO PO T 14.
2.4 Comparison with the MODIS Albedo Product..........ccceuvve...... 17
2.4.1 Images and elements of StatiSLCS.....iiuuiiiiiiiiiiiiiiiiiieieieeaaes 17.
2.4.2 Time SeriesS Of StatiStICS ... iuuieiiiiiiiiiiiiieieiiiieieieiesiareaaaaes 37
2.4.21 Statistics for operational QUIPULS .. ....iieieiieieieieieieiiieane, 3v.
2.4.22 Dependence on NB to BB CONVEISION. .. .cuieeiieiieiiiiiiieiiiensen. 45
2.4.23 Statistics for reprocessed OURULS ... .cuuiieeiiieiiiiiiiiieieeeieenaes 48
2.4.3 Using MODIS BRDFE Model.......cooviiviiiiiiiiiiiiiiiiiieneenennen. 49
2.4.4 Dependence on Surface TYPE......oviviieiiiiiiiiiiiiiiieniieneen . 49
2.5 Comparisorof MTAL with the POLDER Albedo Product............ 50
2.6 SenSItIVILY 10 ACTOSOLS. ... uuiiiie ittt i e iieiiiiieiesierieesiessearaseaaenss 67
2.6.1  SENSIIVILY STUAY. .. iieniietiiitiiieiietiiieiresiiresssesssremsaisestiessensensenss 67
2.62 Observed Impact of aeroSOIS. .. ..o eieeaeaeieaas 67
2.7 Comparison with In-Situ Measurements.......ooceveeeiiieinnenne.. ZQ
2.8 Comparison with ECMWEF Albedo product.......c.ccoevivviiiiiniinninnes, 75.
2.9 Comparison between D01 and D10 productS.......oveviieienieiiniennen. A
3 Surface AlDEAO AVHRR. ... ottt i i s et sreiresessesesesensenses 76
3.1 Comparison With NDDIS. ... et iieiieieesiremeaieeieaseens 16
3.2 RESUILS Of StaAliSTICS. iiuuuiieuiieuiiitiietiiisiiesieeesiesiessssssessessessesensensens 86
I o] (o] [ 1T o] o YT TP 95.
I B 1S W o) M (=) (=] (=1 A o] =T TP T T PP 96
APPENAIX A = DEVE O PG ..t it ittt iiie it iiieiieiieisirentsernseentsessessesesenss 97
APPENAIX B = GlOSSANY . ettt ittt iit it iresseiresassessesesseaaeseasenss 97




Ref. SAF/LAND/MF/VR_AL/1.4

& LSA SAF Issue: Version 1.4
i Date: 25 November 2016

1 Introduction

The SEVIRI-based surface albedo (MDAL/MTAL) is cemtly generated on an oper-
ational basis from SEVIRI/Meteosat and availableusers in near-real time (via EUMET-
Cast) or offline (via ftp). User requirements retjag the set of AL are summarised in Table
1; further details may be found in the most rec@msion of the Product Requirements Docu-
ment (PRD). Acronyms are as follows: MSG Daily @ad Albedo (MDAL), MSG Daily 10-
day Surface Albedo (MTAL), EPS Surface Albedo (ETAL

The strategy for AL validation relies first on amdr-comparison of LSA SAF AL
products with similar products issued from othdekliges. This allows to have a fair compar-
ison at the landscape scale. However, differerglligas have generally different time over-
passes under different atmospheric conditions, kvimay limit a fair comparison. A second
vision of the strategy is to hold an inter-compamisagainst ground-based instrumentation.
Because of the problem of footprint, the criterafrcross-comparison is the timing or season-
ality between the satellite and the ground truferemce. Finally, some meteorological mod-
els are capable to simulate the surface albedahamiay be interesting for some cases, for
snow situations in particular.

Table 1 Product Requirements for AL, in terms of area coverage, resolution and accuracy.

Product

u Resolution Accuracy
Product Name Identifier Coverage
Temporal Spatial Threshold  Target  Optimal
AL>0.15:
LSA-01 : 20%
MDAL . MSG pixel o _ o
(AL SEVIRI) MSG disk 1 day resolution 20% AL;(C)).:;LS. 7.5%
AL>0.15:
- 1 0,
MTAL LSA-02  \isgdisk  10-day MSGPixel 50 10% 5o
(AL SEVIRI) resolution AL<0.15:
0.015
- AL>0.15 AL>0.15:
LSA-03 AL>0.15: 15% 5%
. ° ° 20%
(ALI,EA-(/AI\ﬁLRR) Global 10-day 0.01°x 0.01 AL<0 15 AL<0.15:
Alb<gél5i 0.0225 0.01

Table 3 — Series of Meteosat satellites considered for product achievement.

MSG-1 MSG-2 MSG-3
Period 19/01/2004 05/10/2006 © 01/01/2013
23/09/2006 31/12/2012 -
Operated changes Calibration Calibration Calibration
Band factors Band factors Band factors
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Table 4 — Series of MetOP satellites considered for product achievement.

MetOP-A MetOP-B MetOP-C
Period 19/10/2006 17/09/2012 End of 2017
Operated changes Calibration Calibration Calibration
Band factors Band factors Band factors

©: The period in which the MSG1 took over the MSG2 as a prime satellite (after Sep/2006) were not

processed since they correspond to gaps in the Cloud Mask data record provided by CM-SAF.

2 Surface Albedo — SEVIRI

2.1 Albedo Product Images
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Figure 1: Broadband albedo product images for tlieol September 2005. Top Left: Total short-wave bi-
hemispherical. Top Right: Total shortwave direcsibhemispherical. Bottom Left: Visible directional-
hemispherical. Bottom Right: Near Infrared direntibhemispherical.
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Figure 2: Spectral (directional-hemispherical) albedo prodowges for the *Lof September 2005 op Left:
Red Channel (0.6um). Top Right: Near Infrared Cleari@.8um). Bottom Left: Short-wave Infrared Channe
(1.6pm). Bottom Right: Colour composite of the thepectral albedo images.
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Figure 3: Example for the uncertainty estimate (total broabdirectional-hemispherical) and the quality (or
processing) flag provided for the' bf September 2005. (Unprocessed lines at the nottbthe continental
windows visible for Europe in this representatioerevcaused by a problem in the utilisation of tleeid mask

software, which has been solved in the meantime.)
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The product comprises various broadband and spedbedo variants. Example im-
ages are shown in Figure 1 and Figure 2. The ptddes of the four continental zones have
been combined to generate these full disk imagesuré 3 shows an example of the uncer-
tainty estimate delivered for each of the albedoaws. The uncertainty estimate is calcu-
lated by propagating estimates for the non-comdlgtandom) part of the input data errors
through the model inversion (see the Product UsamnMl, section 2.11, p35). The figure also
shows the quality (or processing) flag includingpimation about the land/water mask, the
processed regions and potential snow cover.

2.2 Albedo Time Series for Selected Pixels

For a selection of sites Figure 4 shows time seridhe obtained spectral and broad-
band albedo estimates. Most of the sites were ahaseording to the location of ground vali-
dation stations and have been used before in thjegbdrfor illustration purposes. The loca-
tions “Lago di Garda” and “Marktoberdorf” were adde order to show results for water and
snow, respectively. A list of the site coordinategiven in the table 2 below.
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Figure 4: Time series of spectral (left) and broadband (jigliectional-hemispherical albedo estimates fer th
pixels corresponding to the location of the coroegfing sites. For spectral albedo red, orange, magenta
dots, respectively, correspond to the 0.6um, 0.8amd, 1.6um SEVIRI channels. For broadband albedo th
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colours grey, blue, and green, respectively, cpord to the total short-wave range, to the visibled to the
near infrared.The vertical bars indicate the respective uncefta@stimates. (For low values they may be
entirely covered by the dot symbol.) For broadbaltétdo until the beginning of October the plot®aigiude
MODIS estimates marked by crosses with “temporadrdoars”. A red cross on the time axis indicatest no
product file was generated by the operational syste the respective day. The blue star indicdtas the pixel
was flagged as snow covered in the quality inforomat(The snow information is reported from theutlanask

to the albedo product files.)

Table 2:List of sites considered for illustrating the albedo product time series.

Site Latitude Longitude Column Line Zone
Barrax 39.04 -2.08 250 532 Euro
Carpentras 44.083 5.059 436 414 Euro
Roissy 49.015 2.535 366 311 Euro
Evora 38.539 -8.000 085 546 Euro
Toravere 58.26 26.47 764 174 Euro
Valencia 39.57 -1.28 273 519 Euro
Lago di Garda 45.57 10.61 568 384 Eurc
Marktoberdorf 47.78 10.62 557 338 Euro

The beginning of the period shown in the figureresponds to the implementation of
the algorithm version AL2 v5.0 in the operationgbtem. During the months August and
September 2005 the temporal coherence of the rssaltceptable. However, from October
rather large variations on small time scales beconp®rtant. There are a number of reasons
for the deterioration of the product quality:

* clouds become appeared more frequent and wereffmerly enough eliminated.
(The problem has been solved since that time)

* alarge number of slots and hence observations lastréelue to instability problems in
the operational system, in particular in October

» low solar elevation constitutes a principal problemthe albedo determination over
(Northern) Europe for this time of the year, esplygi with observations from
geostationary satellites. The resulting difficidtia model inversion are quantified by
the delivered uncertainty estimates (Figure 3).

13



Ref. SAF/LAND/MF/VR_AL/1.4

& LSA SAF Issue: Version 1.4
Date: 25 November 2016

2.3 Results

2.3.1 Top Of Canopy (TOC) reflectance

Figure 5 displays the impact of th new algorithm dmud decontamination based on
the quality flag information from NWC-SAF. In facyen more pixels are eliminated prior to
the BRDF model inversion, provided they belong &bk before and after cloudy slots.

04.04.2006 06:45 UTC
Q.60

04,04.2006 0645 UTC
0.60

.40 0.40

.30 0.30

008 — TOC-Reflertance Pastor
008 — MOC-Reflectance Pactor

0.00
Metesaat H8/7HEVIRL

.00
Metenaat H/BHVIRL

Figure 5: Top Of Canopy reflectance (AL1 code output) usedhgyBRDF inversion algorithm, the 20060404
at 06:45UTC; Left : before the implementation of JAL6.1.3 algorithm — Right : after the implemerdatiof
AL1 v6.1.3 algorithm.

2.3.2 Albedo

Figure 6 depicts reprocessed results for the tienes shown before in Figure 4. The
temporal coherence of the time series is improslertheless the origin of the remaining
variability should be investigated more thorouglidyie to the reduced number of used obser-
vations the uncertainty estimate is increased.algerithm version AL2 v5.1 was implemen-
ted in the operational system on 14 December 286t that the elimination of observations
flagged with bad cloud mask quality is only effeetiin the re-processing from October 13
onwards, when the atmospheric correction codeenofberational system, which propagates
the cloud mask information was updated to versiat »6.1.3.

14



= LSA SAF

Ref. SAF/LAND/MF/VR_AL/1.4
Issue: Version 1.4
Date: 25 November 2016

Spectral Albedo (DH) Spectral Albedo (DH) Spectral Albedo (DH)
o

Spectral Albedo (DH)

Spectral Albedo (DH)

o
o

o
.u;

o
W

e
m

o
o

0.5
0.4F

0.3F

0.

0.1

0.0E

05

0v4

0.3

0.2 :—
0.1

0.0E

0.5

0.4

0.3

0.2

0.1

0.0

"-M""‘“‘M %ww .H‘.L'F*M

s o #h
' - *MWM

N
T

Barrax 02.08.2005 — 31.12. 2005

+MW w

E & *

August |September | October | November | December

Carpentras 02.08.2005 — 31.12.2005

\—-w-u-\— ‘“4
3 ""- «"
E\-Fh\a—-—'
E -—'.' o it +’
¢
August |September | October | November | December

Evora 02.08.2005 — 31.12.2005

= ‘.l‘q‘.;.q-o *ﬂﬂ*

é ‘ @WWW
M«’-ﬁ“ M
’ hh"‘-*ﬂw
August |Septemb:r IX October | November | December
Roissy 02.08.2005 — 31.12.2005
L
L
August |Septemb:r IX OcL:ber | November | December

Toravere 02.08.2005 — 31.12.2005

\\H| HHHHN

"l""l"""""" IIIIIIIIIIIIIIIIIl;

"l

x x
| November | December

X X
August | September | October

Broadband Albedo (DH) Broadband Albedo (DH) Broadband Albedo (DH) Broadband Albedo (DH)

Broadband Albedo (DH)

0.5F
0.4 f
0.3 E

0zf S,

0.0E

05F

0.2E

0.0E

0.1

0.0

05F

0.4 f

0.3

0.2

0.

—-

0.0E

o.§

—-
T

0.1

Barrax 02.08.2005 — 31.12.2005

X X
August | September | October | November | December

Carpentras 02.08.2005 — 31.12.2005

g:—w—ﬁv-.‘.-n e “,w
w—‘-_h’:' 'V"\:"W MWJ.*
P oo, o e

August |Septemb:r IX October | November | Dechmber

Evora 02.08.2005 — 31.12.2005

. : M+ J-M “? M‘.‘A %o*
“aa VNS, SV N oo

August |September | October | November | December

Roissy 02.08.2005 — 31.12.2005

! '||n||||||||ii§
il \'n'mmﬂﬂmﬂ il

"llludul I et

| November | December

it

X X
August | September | October

Toravere 02.08.2005 — 31.12.2005

Ité
'M % \ il

e il \HWIHWIIIW'
= e I
%‘r**"**f** -0

3
| September | October | November | December

August

15




Ref. SAF/LAND/MF/VR_AL/1.4

é LSA SAF Issue: Version 1.4
Date: 25 November 2016

Lago_di_Garda 02.08.2005 — 31.12.2005 Valencia 02.08.2005 — 31.12.2005

0.5 0.5F
o 04 ] I 0af
18 o

° E

S 0.3 T 03f b
§ 5 M“’-’ wﬁmom @
< | s g
© 02 : 5 02 !—u_—-t-..,q-
-E I|| ] é E P"" J"hs *Q‘d* ¥
2. ' i R P S . %
0 0.1 ) I||I ., .."I ”: 5 0.15— ol .‘Pé *k%

.0 B g 2RR I & T oy 1) e ; 0.0k — % %

August |September | October | November | December August | September | October | November | December
Valencia 02.08.2005 — 31.12.2005 Lago_di_Garda 02.08.2005 — 31.12.2005

05F 0.5
o 04F T 04
[S. e

E o
M

Josk I # :
L Do i 0 o9 ﬁ #o = ]
= & :ﬂw M = |
S 02F 5 02 i
5 8 i
S P o o M G h
@ oaf ™, Mﬁk & o1 |[

0.05 » X £ x x X — o i

August | September | October | November | December August |September | October | November | December

Marktoberdorf 02.08.2005 — 31.12.2005 Marktoberdorf 02.08.2005 — 31.12.2005

Spectral Albedo (DH)
Broadband Albedo (DH)

»n X £ HE A »n X £ X M S
August | September | October | November | December August | September | October | November | December

Figure 6: Time series of spectral (left) and broadband (Jiglitectional-hemispherical albedo estimates. The
information included is the same as in Figure 4tbatentire period has been reprocessed with ghgonersion
AL2 v5.1.

Figure 7 shows a comparison of the colour composite imatsined with the spec-
tral albedo results from the two algorithm versiofke graphs illustrate that the spatial co-
herence improved as well and that some obvious alaekacts in central Europe disappeared.
[Note that the albedo estimates for Scandinavthaittime of the year are based on very few
and potentially rather “old” data, which leads #&mge uncertainty estimates and thus a very
low nominal confidence in the result. A limit oretimaximal solar zenith reference angle for
delivering an albedo product should probably beoghiced.]
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Figure 7: Spectral albedo colour composite of the Europeardew obtained in the operational system with
version AL2 v5.0 (left) and reprocessed with vemsfd.2 v5.1 (right).

2.4 Comparison with the MODIS Albedo Product

In this section we present a comparison of the L3A# results with the version 4 of
the albedo product derived from observations ofMi@DIS instrument. The definition of the
spectral limits for the broadband albedo rangeddatical for the two products. In addition,
the convention for the reference illumination anigledirectional-hemispherical albedo is the
same (local solar noon). However, the spatial tggwi and projection as well as the temporal
characteristics are different and represent then nai#ficulties when comparing the two
products. In order to investigate the sources sérépancies in more detail the comparison is
then also carried out at the level of spectral@bend the BRDF-model parameter kO.

2.4.1 Images and elements of statistics

For the validation purposes we re-projected thehdrigresolution MODIS albedo
product to the MSG/SEVIRI grid. For each originaDRIS pixel the “closest” SEVIRI pixel
was determined and afterwards the albedo estinfatesll MODIS pixels assigned to the
same SEVIRI pixel were averaged. For the diffetaotadband albedo variants the resulting
MODIS images in SEVIRI projection are depicted fréigure 8 to Figure 11 over Europe,
and Figure 13 over Africa. The same procedure Wwss applied to the MODIS quality flag.
Since no broadband albedo quality information waslable, the flag for the spectral channel
with the largest weight in the narrow- to broadbaondversion was used and included in the
figures. High values of the quality flag correspaadow confidence in the MODIS product.

We show MODIS results corresponding to the 16-dayop from June 10 to June 25
for Europe and from July 12 to July 27 for Afrida.order to reproduce the temporal charac-
teristics as closely as possible with the MSG daajnternal TOC-reflectance files provided
by the operational system were reprocessed (atdviét@nce) to generate daily albedo estim-
ates (without iteration), which were then averageer the relevant MODIS period. [In order
to formally validate also the albedo files actuajgnerated and distributed by the operational
system, the comparison has also been performednf@xample case based on the product
generated on the last day of the respective MOBI&&nce period containing an iterative ac-
cumulation of the information of the previous day$ie conclusions are qualitatively the
same and small differences can be observed inuimdars for the validation statistics.]
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Based on a visual inspection, albedo products dérfrom MSG and MODIS instru-
ments show a very good agreement. Absolute antiveeldifference maps reported in the fig-
ures support such conclusion. Generally speakargest differences are noticed in regions
for which the level of confidence on the produetséd on quality flag, is low for either one or
both products. As for broadband visible albedo, M&Bmates show systematically a posit-

ive bias by comparison to MODIS values.

This is aekable over Europe, even amplified

over Africa with the occurrence of bright soilsn& the level of magnitude of visible signal
is weak, this entails large relative differencesadtldition, we show on Figure 4 time series of
MSG and MODIS albedos for a representative seleafd-uropean sites. The agreement can

generally be deemed satisfactory.
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We display a quantitative analysis of the resuitEigure 14 and Figure 15 for European and
African continents, respectively. This includes teraplots — or rather joint probability
density plots — between the Land-SAF and MODIS dgbestimates. The respective graphs
also include numerical values for the bias, i.e. @lherage of the difference between the two
estimates, and the standard deviation (of thaewtffce). Only pixels with MODIS quality
flag equal to zero (the best value) and Land-SAgettainty estimate smaller than 0.1 were
considered in the analysis. The obtained valuesther statistical quantities confirm the
gualitative conclusions reported above, i.e. a goodespondence is found for the near
infrared and the total broadband ranges where thests an evident overestimation of the
visible broadband albedo for Land SAF product witspect to the MODIS product.
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Figure 14: Scatter plots over Europe between the Land-SAFMOMDIS broadband albedo products for the
period June 10 to June 25 (161 MODIS period). Tefi:LTotal broadband bi-hemispherical. Top Righotal
broadband directional-hemispherical. Bottom LefisiMe broadband directional-hemispherical. BottRight:
Near Infrared broadband directional-hemispherical.
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Latest obtained results concern Northern Africar &iod the 16-days MODIS periods
from July 12 to September 13 of 2006. Nonethelesly, the 193 MODIS period is presented
here as to be supposedly representative. Sameusartd than for Europe are stressed, i.e.
there exists a good correspondence for the nearéaf and the total broadband ranges, and
an overestimation of the visible broadband albedb vespect to the MODIS product. How-
ever, it is worth emphasizing that the standardal®n relative to the mean albedo value is
clearly reduced in comparison to those over Eummpe values of albedo are usually larger
than over Europe (0.27 of mean value for MSG VIS-Blbedo over North Africa against
0.08 over Europe and the 161 MODIS period).
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Figure 15: Scatter plots over Africa between the Land-SAF M@DIS broadband albedo products for the
period July 12 to July 27 2006. Top Left: Total &dband bi-hemispherical. Top Right: Total broadband
directional-hemispherical. Bottom Left: Visible ladband directional-hemispherical. Bottom Right: Nea
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For a deeper analysis of the cause of the bidseivisible broadband albedo, we per-
formed the same kind of analysis for the spectia¢do estimates. The MODIS channels
whose spectral properties are approximately eqgemtalith the MSG channels were chosen
for this comparison. The results are given in Fegli7 for the bi-hemispherical and direc-
tional-hemispherical albedo variants. For the diogal-hemispherical albedo the biases in
the 0.6pum and 1.6pum channels are negligible, whettea 0.8um albedo is underestimated
with respect to MODIS. On the other hand, Land-S#hemispherical albedo values are
overestimated with respect to MODIS in all threamtels. This stresses differences in angu-
lar integration either due to the use of differ&RDF models or to a different angular
sampling. Owing to some compensation in the splebtraemispherical albedo, the corres-
ponding total short-wave broadband quantity showsal match with the MODIS result for
both albedo variants (cf. top plots of Figures BJ-1In Land-SAF algorithm the same nar-
row-to-broadband conversion coefficients are usedtie bi-hemispherical and directional-
hemispherical albedo, whereas different relatigrsiiave been applied for MODIS. Figure
16 shows scatter plots between the Land-SAF and NO8sults for the BRDF model para-
meter kO, which matches with TOC reflectance foillmination at zenith and an observa-
tion at nadir. Some discrepancies appear in thectahce values measured by the two instru-
ments due to differences in spectral sensitivitythad respective channels. Figure 17 also
shows results obtained after the spectral projeatiothe MODIS channels in SEVIRI spec-
tral bands. The linear transformation is the resfilthe best fit between the MODIS and
SEVIRI channels based on numerical experimentsafiad transfer code simulations and
spectral library). The impact on the obtained valfge the validation statistics is however rel-
atively small. As for the directional-hemispherisplectral albedo there is an underestimation
of the 0.8um normalised reflectances whereas tred & 0.6pum and 1.6um reflectance val-
ues are consistent with MODIS.

25



Ref. SAF/LAND/MF/VR_AL/1.4
= | ¢ LSA SAF Issue: Version 1.4

Date: 25 November 2016

Channel 06 Channel 06
0.5{ bias= = 0.00019882658 0.5 bias= = -0.0029180774
stdev= 0.033807295 stdev= 0.030842314
msg mean= 0.118700 msg mean= 0.115706
0.4} 1 0.4 ]
o 0.3} . o 0.3} .
(%] w 1
= =
o o 1
¥ 0.2+ E ¥ 0.2} E
/- A1
0.1} & ] 0.1} : -
0 L 1 1 L 0 1 1 L 1
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
KO MODIS KO MODIS
Channel 08 Channel 08
0.5] bias= -0.014145229 0.5] bigs= -0.0069635203
stdev= 0.044855694 stdev= 0.043865180
msg mean= 0.319592 msg mean= 0.323534 -
0.4} N - 0.4} \ 4
© 0.3} . . o 0.3} .
w [74]
= =
o (=] 1
¥ 0.2+ E ¥ 0.2} E
0.1F ] 0.1} ]
0 1 1 1 1 0 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
KO MODIS KO MODIS
Channel 16 Channel 16
0.5{ bias=  0.0022435325 0.5] bias=  0.0035065035
stdev= 0.037160777 stdev= 0.037460498
msg mean= 0.270430 msg mean= 0.269068 1
0.4} - 0.4} ol
3 0.3F ' - o 0.3} c .
(%] w
= ; = f
¥ 0.2+ - E ¥ 0.2} g . E
0.1} ] 0.1} ]
0 L 1 1 L 0 1 1 L 1
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
KO MODIS KO MODIS

Figure 16: Scatter plots over Europe between the Land-SAF M@DIS results for thek, BRDF-model
parameter for the period June 10 to June 25. Tagd Rhannel (0.6um). Middle: Near Infrared Channel
(0.8um). Bottom: Short-wave Infrared Channel (1.§uleft: Without correction. Right: After correctrfor the
spectral sensitivity differences of the SEVIRI ai@DIS channels.
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Figure 17: Scatter plots over Europe between the Land-SAFMODIS spectral albedo results for the period
June 10 to June 25. Top: Red Channel (0.6um). Middear Infrared Channel (0.8um). Bottom: Short-evav
Infrared Channel (1.6um). Left: bi-hemisphericatR: directional-hemispherical.
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A short-term projection of evolution of MDAL produwill be to perform an aerosol
correction using the MACC-II aerosol produgiww.gmes-atmosphere eun this regard,
some evaluation was carried on for the year 201@d®mn AL-VI-DH and AL-BB-DH (-BH)
and the corresponding MODIS albedo products. Ssdecesults of inter-comparison are
reported hereafter between the operational MDAL )(@Rd the experimental MDALMC
(MACC) product. Since the threshold in terms ofc#fpeation was assessed to 0.15 for the
albedo value, two comparisons (below and above) ha%e been performed. This explains
for instance large number of missing values ovaircAfand middle East (see Figure 20) in
the present analysis for case of reference MDALSOdr both visible and broadband
albedos. Note that snow pixels were discarded fileenanalysis because different strategies
were adopted between MODIS and LSA SAF projectsicdealbedo values typically beyond
0.35 for the visible band were not considered hethe analysis exercise for MDAL>0.15.
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Figure 18: Comparison between MDAL (AL-VI-DH) aMiODIS products on April 15, 2010.

Figure 18 shows for Europe maps of operational Mp&hduct below 0.15 on 2010-04-15 in
the visible broadband, then these values less @IS, and finally MDAL based on
MACC correction less than MODIS. The results angitkd to the set of albedo values below
the threshold of 0.15. Therefore, rmse is an alsajuantity in this case. A flag NA (Non
Attributed) has been assigned to pixels that weseadded from the statistical numbers
because of cloud contamination, snow occurrenceeflactance values beyond 0.15.

The 10-day albedo product so-called MTAL derivemirirMDAL is also disseminated by the
ground segment since 2009. lllustration of comparisetween MTAL and MODIS also on
April 15, 2010, is shows hereafter. Note that MTAbm MDAL corrected from MACC
aerosol is not available yet. However, it is wonibticing that the accuracy assessment is
improved as it could be expected for a climatolalmased product.
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Figure 19: Comparison between MTAL (AL-VI-DH) aMODIS products on April 15, 2010.

Interestingly, Figure 20 enhances the positiveceftd aerosol removal caused by the fire
events that occurred in August 2010 in Russia.
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Figure 20: Same as Figure 14 on August 21, 2010.




Ref. SAF/LAND/MF/VR_AL/1.4

& LSA SAF Issue: Version 1.4

Land Surlace Anabpls

Date: 25 November 2016

NA

NA -0

AL-VI-DH
20100815

Reflectance

iz G oy iz ois

OP less MODIS

bias = -0.00061
rimse = 0.01726

Reflectance

N @
frxcon LR

L] s LX)

ne o -n03 -pe2 -0l .02
OP Euro
a5 T T T T 7
bias = -0.00061 20100815 ,-‘7
rimse = 0.01726 //.
04 mean = 0.05846 »~ g
rd
s
T ]
‘l
0.3 P -
= "
3 -
< ~ 1
= 4
& ka
= 02 7 3
‘I
-
- ]
&
0.1 - % data 3
] '
' EE
B ' Too 75 5l 25 ]
(A1 I ! ! I I
. i1 02 0.3 4 5

BSA VIS (MOINS)

Figure 21: Same as Figure 19 on August 15, 2010.
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Over North Africa (Figure 22) and for AL<0.15, & shown that the reflectance of aerosols is
removed using MACC product on the edge of the Z&wenalia) since the optical pathway is
therefore enhanced. The effect of the MACC coroecis to reduce the value of MDAL by a
few percent in absolute unit. A gain is therefooticeable.
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Figure 22: Comparison between MDAL (AL-VI-DH) aMiODIS products on September 22, 2010.
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Figure 23: Comparison between MTAL (AL-VI-DH) aMODIS products on September 25, 2010.

Considering now high MDAL values, desert and segseit targets are evidenced. In this
case, it is believed MODIS would be a poor refeeechecause it is known to fail removing
properly the aerosol over bight targets. This mgylan the dispersion between the two data
sets is increased after MACC correction.
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Figure 24: Same as Figure 21 for AL-VI-DH aboves.

It is generally observed overestimates of albedib waspect to MODIS, patrticularly
for latest results of comparison (Figures 18 to. Z4)e explanation for discrepancy with
MODIS is not clear although some mis-calibratiofM®DIS could explain such fact for the
version 5 [ittp://mcst.gsfc.nasa.gov/index.php?sectign=7

Note the the bias increases with the value of apedhich is physically sound. In the
visible, the albedo of aerosol dominates and esmbves, it can be observed a decrease of the
surface albedo. In the infrared, the masking efflechinates and the surface albedo increases
because it is normalized by the transmittance odsads, which is less than 1. The more the
aerosol optical depth, the less the transmittaabgev As a consequence, decontamination of
aerosol during a large episode will give raisenminfrared albedo. Statistical results of com-
parison are slightly improved with MTAL comparedMiibAL.
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2.4.2 Time Series of Statistics

2.4.2.1 Statistics for operational outputs

Land-SAF output products from the operational eemtr Lisbon are considered for
statistical analysis. To be noticed that a locpteeessing has been achieved for cases of the
operational system was not functioning.

Statistical results (bias and standard deviatiogrevealculated between the Land-SAF
and MODIS broadband albedo estimates for a sefiddQDIS periods ranging from June
2005 to October 2006. Results in absolute unitshosvn in Figure 25.

Except for the winter season, the biases of tdtatterave and near infrared broad-
band albedo are below 0.01 in absolute (5% inivelaitnits over the whole time series). The
standard deviation of the difference is in the omfe0.02 to 0.03. These biases increase for
the last periods of 2005, especially for near meftabroadband albedo. Possible scenarios are:
i) an increased cloud influence since some cloudglp were not efficiently eliminated by
the relevant algorithm version (AL v5.0); ii) pr@seng issues in the Land-SAF system, which
led to the loss of a large number of observatiorslable for the AL2 algorithm. The AL2
v5.1 version algorithm, which discards primarilydetected cloudy scenes, was implemented
in the operational system on 20051214. For neaanedl broadband albedo, statistical results
are better during the following periods than befiie date 20051214.

The bias for the visible broadband albedo exhiblisolute values up to 0.015, or
about 20% in relative units. A For the time belA@QT is constant all along the year, being
solely dependent on the latitude. The maximum a$ lbor the visible broadband albedo dur-
ing the two summer months (July-August 2006) seenssipport the role of the aerosols. The
geometrical configuration is favourable in thissma thus there is no reason for having a
more important bias in July than in June.

Bias and standard deviation for LSA-SAF and MODI®ddband albedo are also
shown over North Africa for a series of MODIS pelsabetween June 12 and September 13
of 2006. The results expressed in absolute ungsegported in Table 3. Statistical numbers
are rather stationary during such periods. A kB8astill present for VIS-DH (about 20% in rel-
ative units). For other albedos, very good agree¢snesmn be noticed (usually less than 10%),
with a maximum bias of 0.033 and a maximum RMSBE.@8 for black-sky short-wave al-
bedo (BB-DH). Jin et al. (2003) compared MODIS ditbéo commonly used surface albedo
data sets derived from the historical AVHRR and ER&bservations and estimated RMSE
values of 0.025 and 0.047, and bias of 0.016 andi340respectively for global black-sky al-
bedo in September. Largest discrepancies were fdondelative bright surfaces such as
Central Asia and Northern Africa. Therefore, sorapatusions can be addressed to LSA-SAF
surface shortwave albedos over Northern Africa eamsidering their consistency whith
MODIS albedo.
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Figure 25: Temporal evolution (20050601-20060930he bias and standard deviation between Land-&#d
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TABLE 3: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN LAND-SAF AND MODIS
BROADBAND ALBEDO RESULTSFOR 16 DAY PERIODSFROM JULY 12TO SEPTEMBER13OF
20060VER NORTH AFRICA.

Albed Period 193 209 225 241
edo (ul. 12-Jul. 27) | (Jul. 28-Aug. 12) | (Aug.13-Aug. 28)| (Aug. 29-Sept. 13)

Bias 0,047 0,046 0,044 0,043
VIS-DH RMS 0,026 0,026 0,027 0,027

E

Bias 0,027 0,026 0,024 0,020
NIR-DH RMS 0,023 0,024 0,026 0,028

E

Bias 0,033 0,032 0,031 0,028
BB-DH RMS 0,021 0,021 0,023 0,023

E

Bias 0,042 0,039 0,039 0,034
BB-BH RMS 0,026 0,026 0,026 0,026

E
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Next figures show time series of statistical reswdbming from the comparison of MDAL
with MODIS in order to assess the impact of th@selrcorrection from MACC.
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Figure 26: Times series of statistical resultsrdlie Europe area between SEVIRI (OP or MACC) ar@dNS
for AL-VI-DH below 0.15 From top to bottom: bias, rmse, and mean.
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Figure 27: Same as Figure 26 for AL-VI-DH abov&s.
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Figure 28: Times series of statistical resultsrdlie N-Africa area between SEVIRI (OP or MACC) and
MODIS for AL-VI-DH below 0.15 From top to bottom: bias, rmse, and mean.
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Figure 29: Same as Figure 28 for AL-VI-DH aboves.
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Numerical values are reported in Table 4 (AL-VI-dlow 0.15) and Table 5 (AL-VI-DH

above 0.15). It comes out that the users requiresreae satisfied in average with a low bias

noticed.

TABLE 4: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN MDAL AND MODIS
BROADBAND ALBEDO RESULTSFOR THE PERIOD FROM APRIL TO SEPTEMBER2010.

AL-VI-DH < 0.15

OPEuro | MACC Euro OP NAfr MACC NAfr

AL Bias 0.00534 0.00885 0.01610 0.01051

VIS-DH  pvise 0.02117 0.02182 0.02496 0.01963
ALpp. Bias - 0.0057 0.00907 0.00637 0.01133
DH  rvsE 0.02053 0.02565 0.01965 0.02235

ALpp. Bias 0.00122 0.00299 0.01855 0.00819
BH  rmse 0.02067 0.02330 0.02957 0.02640

TABLE 5: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN MDAL AND MODIS
BROADBAND ALBEDO RESULTSFOR THE PERIOD FROM APRIL TO SEPTEMBER2010.

AL-VI-DH > 0.15

OP Euro MACC Euro OP NAfr MACC NAfr
. Bias 0.00116 0.05940 0.04211 0.07203
VISSDH pyvse | 8.38205% | 16.1212 % 9.39496 % 13.9658 %
ALpp. Bies - 0.0003 0.07535 0.02589 0.06192
DH  eMmsSE | 567585% | 15.2634 % 5.03967 % 9.01232 %
ALpp. Bies 0.01067 0.04518 0.03671 0.06396
BH  pwmse | 5.17971% | 9.82527 % 6.13816 % 9.02268 %
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TABLE 6: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN MTAL AND MODIS
BROADBAND ALBEDO RESULTSFOR THE PERIOD FROM APRIL TO SEPTEMBER2010.

AL-VI-DH < 0.15

OP Euro OPNAfr

AL Bias -0.0019 0.01675

VIS-DH pvise 0.01864 0.02110
ALpBp. Bias -0.0103 0.00347
DH  pvse 0.02174 0.01352

ALpBp. Bias 0.0036 0.01385
BH  pvse 0.02017 0.02268

TABLE 7: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN MTAL AND MODIS
BROADBAND ALBEDO RESULTSFOR THE PERIOD FROM APRIL TO SEPTEMBER2010.

AL-VI-DH > 0.15

OP Euro OP NAfr
A Bias 0.00854 0.04031
VIS-DH pvse | 990156 % | 9.03892 %
ALpp. Bies - 0.00617 0.02488
DH  pMSE | 7.48352% | 4.85913 %
ALpp. Bies 0.01545 0.03670
BH  pMSE | 6.89206 % | 6.00649 %
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2.4.2.2 Dependence on NB to BB conversion
a./ Snow-free pixels

The conversion coefficients @an Leeuwen and Roujean (20@2¥ the operational narrow-
to-broadband coefficients for snow-free pixels:

AL_BB-DH = 0.0047 + 0.5370 *C1 + 0.2805 *C2 + 9/ *C3
AL_VI-DH = 0.0093 + 0.9606 *C1 + 0.0497 *C2 -1245 *C3
AL_NI-DH =-0.0004 +0.1170 *C1 + 0.5100 *C2 43971 *C3
where

AL_BB-DH: Total shortwave directional-hemispheriedibedo,
AL_VI-DH: Visible directional-hemispherical albedo,
AL_NI-DH: Near Infrared directional-hemisphericdbeado,

C1: 0.6um spectral albedo,

C2: 0.8um spectral albedo,

C3: 1.6um spectral albedo.

A statistical method (see Samain et al., IEEE, 2008s reviewed to test new narrow-to-
broadband albedo conversion coefficients as a fumatf surface cover:

AL_BB-DH = 0.0049 + 0.3600 *C1 + 0.3536 *C2 + 09p4*C3
AL_VI-DH =-0.0094 + 0.8264 *C1 + 0.0753 *C2 - 868 *C3
AL_NI-DH = 0.0171 - 0.0030 *C1 + 0.5777 *C2 43615 *C3

There are these new statistics (bias and standsidtibn between the Land-SAF and
MODIS broadband albedo) that are used for NB/BBveosion coefficients between June
2005 and April 2006 (Figure 30). The bias for tigble broadband albedo still exhibits large
values. But it turned to negative instead of bgogitive. Note that an absolute bias around
1% is present for the two conversion sets (Figéje [2is comparable with the offset value of
the linear regression (0.0093 according to van weguand —0.0094 for testing case). Thus, it
exists potentially a gain of bias reduction in atlapa method constraining the offset value to
be null.
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Figure 30: Temporal evolution (20050601-20060401) of the kaasl standard deviation

between Land-SAF and MODIS broadband albedo resats Europe. The Land-SAF

broadband albedos are calculated using new caaitifor NB/BB conversion. The one-

sided length of the vertical bars indicates thadadad deviation. Rhombus: Total shortwave
bi-hemispherical. Triangle: Total shortwave diren@l-hemispherical. Cross: Near Infrared
directional-hemispherical. Circle: Visible direatal-hemispherical.

b./ Snow-covered pixels

For snow pixels, the last version V6.1 of the code/ uses a specific NB/BB conversion. The
spectral properties of snow differ of spectral @mties of the soil and vegetation covers, in
particular because channel 1.6 of MSG is a strdmprmtion band for snow. Conversion
coefficients for the snow pixels are:

AL_BB-DH = 0.0175+0.3890*C1+0.3989*C2-0.0141*C3
AL_VI-DH = 0.0155+0.7536*C1+0.2596*C2-0.5349*C3
AL_NI-DH = 0.0189+0.0942*C1+0.5090*C2+0.4413*C3.

Figure 31 illustrates the monthly albedo for Jagu206 on Alpine Arc area. Figure
32 describes the impact of this new set of coeffits for the different kinds of albedos on this
area. Albedos were usually underestimated with,@vewy an opposite trend for low values of
visible directional-hemispherical albedo. This ielgably an artefact caused by the high offset
value 0.0155 (according to this new conversion fadehts) compared to 0.0093 (for the
NB/BB visible conversion).

The occurrence of a snow pixels is indicated byag {Bit 5), which is inherited from the
snow covered flag provided in the NWC-CMa produdtre information can be found in
PUM document (section 3.4).
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Figure 31: Broadband monthly albedo product images for Jagn2@06 on Alpine Arc area. Top Left:
Total short-wave bi-hemispherical. Top Right: Tothlortwave directional-hemispherical. Bottom
Left: Visible directional-hemispherical. Bottom Rig Near Infrared directional-hemispherical.
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Figure 32: Scatter plots between broadband monthly albedayusia usual NB/BB conversion and
broadband monthly albedo using a specific NB/BBveosion for snow pixels — for January 2006.
Top Left: Total short-wave bi-hemispherical. TopgRt Total shortwave directional-hemispherical.
Bottom Left: Visible directional-hemispherical. Batn Right: Near Infrared directional-

hemispherical.
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2.4.2.3 Statistics for reprocessed outputs

Land-SAF products considered now are outputs frolmcal reprocessing using the
last version of the code (version 6.1.4 of AL1 cadwl version 6.0 of AL2 code). Con-
sequently, the statistics are calculated from hanegus set of data. This last version of the
code contains improvements like the residual cldedontamination or a specific NB/BB
conversion for snow-flagged pixels (cf. section.2.2).

As in section 1.4.3.1, the bias and standard dewidbetween the Land-SAF and
MODIS broadband albedo estimates have been cadufar a series of MODIS periods
between June 2005 and October 2006. The resuétbsolute units are shown in Figure 33.
Differences between MODIS and Land-SAF albedosl@ser than in Figure 25, especially
during wintertime. The reason seems then an impnewe of the residual cloud decontamina-
tion (ref section 1.4.2).
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Figure 33: Temporal evolution (20050601-20060930) of the kaasl standard deviation
between Land-SAF reprocessed and MODIS broadb#&edi@lresults over Europe. The one-
sided length of the vertical bars indicates theddad deviation. Top Left (rhombus): Total
shortwave bi-hemispherical. Top Right (triangle@tdl shortwave directional-hemispherical.
Bottom Left (cross): Near Infrared directional-hepterical. Bottom Right (circle): Visible
directional-hemispherical.
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2.4.3 Using MODIS BRDF model

In this section, Land-SAF albedo is calculated with BRDF model of LiRoss, the
one for MODIS. Deviations are slightly reduced betw SEVIRI and MODIS (Figure 34).
Hence, it is likely that previously annotated degzancies between the two albedo products
could be attributed to the use of different BRDFdels. Nonetheless, no conclusion can be
raised about the respective model performances.
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Figure 34: Temporal evolution (20050601-20060930) of the lriad standard deviation between Land-SAF
reprocessed with Li-Ross BRDF model and MODIS bbaad albedo results over Europe. The one-sidedHeng
of the vertical bars indicates the standard demiatiop Left (rhombus): Total shortwave bi-hemigyited. Top
Right (triangle): Total shortwave directional-heptfisrical. Bottom Left (cross): Near Infrared difentl-
hemispherical. Bottom Right (circle): Visible ditemal-hemispherical

2.4.4 Dependence on Surface Type

The statistical quantities were also investigated &unction of the surface type based
on a re-projected on the SEVIRI grid of the GLC20&@@d cover classification. As a remind,
the generation of the albedo product itself redie8rely on the satellite observations and no a
priori database is used. In order to avoid hetererg and geo-location problems, only those
pixels are considered whose neighbours belongaaéime class and which respect a certain
purity criterion. Figure 35 shows the results atedi for four land cover classes based on the
data period from June 10 to June 25.
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Figure 35: Scatter plots between the Land-SAF and MODIS braadtalbedo results for different land cover
classes. Top Left: Herbaceous Cover. Top Right.rsgpderbaceous or sparse shrub cover. Bottom Left:
Cultivated and managed areas. Bottom Right: Barasar

2.5 Comparison of MTAL with the POLDER Albedo Product

As for MODIS, an exercise of inter-comparison hagrbperformed with POLDER for the
same period of time, that is between April and Seyter 2010. The specific design of
POLDER makes suitable to sample the BRDF andssdlass sensor for delivering an albedo
product. This product is disseminated on days Sarib 25 of each month and the procedure
is quite similar to MTAL. Therefore, the comparisaa limited here to MTAL.
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Figure 36: Comparison between MTAL (AL-VI-DH) and POLDER VIS on April 15, 2010.
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Figure 37: Comparison between MTAL (AL-VI-DH) and POLDER VIS on June 15, 2010.
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Figure 38: Comparison between MTAL (AL-VI-DH) and POLDER VIS on August 15, 2010.
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Figure 39: Comparison between MTAL (AL-VI-DH < 0.15) and POLDER VIS on April 15, 2010.
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Figure 40: Comparison between MTAL (AL-VI-DH > 0.15) and POLDER VIS on April 15, 2010.
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Figure 41: Comparison between MTAL (AL-VI-DH < 0.15) and POLDER VIS on June 15, 2010.
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Figure 42: Comparison between MTAL (AL-VI-DH > 0.15) and POLDER VIS on June 15, 2010.
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Figure 43: Comparison between MTAL (AL-VI-DH < 0.15) and POLDER VIS on August 15, 2010.
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Figure 44: Comparison between MTAL (AL-VI-DH >0.15) and POLDER VIS on August 15, 2010.
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Figure 45: Times series of statistical results over the Europe area between MTAL and POLDER for
AL-VI-DH < 0.15. From top to bottom: bias, rmse, and mean.
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Figure 46: Times series of statistical results over the Europe area between MTAL and POLDER for
AL-BB-DH < 0.15. From top to bottom: bias, rmse, and mean.
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Figure 47:Times series of statistical results over the NAfr area between MTAL and POLDER for AL-
VI-DH < 0.15. From top to bottom: bias, rmse, and mean.
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Figure 48: Times series of statistical results over the NAfr area between MTAL and POLDER for AL-
BB-DH < 0.15. From top to bottom: bias, rmse, and mean.
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Figure 49: Times series of statistical results over the NAfr area between MTAL and POLDER for AL-
VI-DH > 0.15. From top to bottom: bias, rmse, and mean.

64




) Ref. SAF/LAND/MF/VR_AL/1.4
" é LSA SAF Issue: Version 1.4

Date: 25 November 2016

NAfr
I T
0.05 - -
% I ]
% I — ]
Y e —
- F J
ﬂ " 4
=] i . 1
£ _posk mean(bias_OP) =0.02663 ]
=L : ) .
fon 130 2061 250
Julian day {2010)
NAfr
200 T
= 15 mean(rmse_OP) = 5.40906 % .
% I 1
w 101 ]
- L ]
}I__ L 4
g 5 '_—'—'"'""""*——-._._.o-‘-....___._._._‘
[/ ; . :
1o 150 2061 250
Julian day (2010)
NAfr
05 — — 3
0.4 3
% Pl = ‘—i—l-—u—u—-l-u—l
= E 3
= 1‘135 3
~ : :
T o0zE 3
N S
= E E
0.1 3 meani(mean_0OFP) = 0.36168 3
OOE
1on 150 2061 250

Julian day (2010)

Figure 50: Times series of statistical results over the NAfr area between MTAL and POLDER for AL-
BB-DH > 0.15. From top to bottom: bias, rmse, and mean.
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TABLE 8: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN MTAL AND POLDER
BROADBAND ALBEDO RESULTSFOR THE PERIOD FROM APRIL TO SEPTEMBER2010.

AL-VI-DH < 0.15

OP Euro OP NAfr

AL Bias -0.0256 -0.0187

VIS-DH pvise 0.03417 0.02920
ALpBp. Bias -0.0448 -0.0364
DH  rmsE 0.04960 0.04298

ALpBp. Bias -0.0428 -0.0367
BH  pmse 0.04872 0.04895

TABLE 9: BIAS AND STANDARD DEVIATION (RMSE)BETWEEN MTAL AND POLDER
BROADBAND ALBEDO RESULTSFOR THE PERIOD FROM APRIL TO SEPTEMBER2010.

AL-VI-DH > 0.15

OP Euro OP NAfr
A Bias -0.0304 -0.0100
VISDH pyvse | 11.8026 % | 5.32302 %
ALpp. Bies -0.0056 0.02663
DH  pMSE | 8.05389% | 5.40886 %
ALpp. Bies 0.00078 0.02869
BH  pMSE | 7.60139% | 5.48015 %
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2.6 Sensitivity to Aerosols

For the atmospheric correction of the observe@cédince factor values the concentra-
tion of aerosols represents the most important tifyaAlthough aerosols are highly variable
in space and time, they are described for the bieieg with a very simple dependence on lat-
itude. The aerosol information is provided to thgoathm in the form of input files contain-
ing estimates of the aerosol optical thickness5@nk for each image pixel. The aerosol in-
formation can therefore easily be updated by repdathese files when improved climatolo-
gies or preferably when a dynamic aerosol prodsibecoming available.

2.6.1 Sensitivity study

This study quantifies the impact of aerosols onghality of the albedo product. Two
configurations were tested for August 30 2005 wébpectively zero and 0.5 of aerosol op-
tical thickness values at 550nm. Figures 51 to He@lwsthe consequences of aerosol optical
thickness uncertainties on the albedo variantscdd be expected, the impact depends on
the wavelength ; it is critical for 0.6um chanrggnificant for 0.8um channel and low for
1.6pm channel.

Albedo SP—-BH Albedo SP—-BH Albedo SP—-BH

0.57 bigs=  0.0654140 0.57 bigs= -0.0103156 0.5 pigs= -0.0159341
stdey=  0.0223779 stdey=  0.0111337 -
AL(0) mean=  0.0941880 = 0.

0.4 AL(0:5) mean= 0.0287743

0 01 02 03 04 05 0 01 02 03 04 05 0 01 02 03 04 05
AL(0.5) AL(0.5) AL(0.5)

Figure 51: Comparison between spectral (bi-hemispherich@dd products for the 3@f August 2005 with

respectively zero and 0.5 of aerosol optical thidses at 550nm. Left: Red Channel (0.6pum). Midtlear
Infrared Channel (0.8um). Right: Short-wave Infch@&hannel (1.6um).
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Figure 52: Comparison between spectral (directional-hemisparalbedo products for the 36f August 2005
with respectively 0. and 0.5 of aerosol opticatkhiesses at 550nm. Left; Red Channel (0.6um). Midtlear
Infrared Channel (0.8um). Right: Short-wave Infch@hannel (1.6um).
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Figure 53: Comparison between broadband (directional-hemrsdd albedo products for the 36f August
2005 with respectively 0. and 0.5 of aerosol opticicknesses at 550nm. Left: BB-DH. Middle : NI-DRight:

VI-DH.
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Figure 54: Comparison between broadband (bi-hemispherich8dal products for the 3@f August 2005 with
respectively 0. and 0.5 of aerosol optical thiclsessat 550nm.
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2.6.2 Observed impact of aerosols

Figure 55 shows albedo time series for two sitesmoich ground measurements of
the aerosol optical thickness are available from AERONET project. A correlation of the
obtained surface albedo estimates with the optitekness can be perceived, which suggests
that aerosols are responsible for a part of theri@ps) temporal variability remaining in the
time series. These variations tend to be smootldy the temporal composition scheme.
However, a potential bias remains if the averagatcal thickness does not correspond to the
climatologic value specified.

Evora 01.06.2005 - 30.06.2005 Evora 01.06.2005 — 30.06.2005
0.5F ] 05T T T T T T T T T
o 04F I 04F 3
a E S E
a o E
‘803' 303:— =
g é 2 Tk ° ° oo °°°°°°°°°°°§
Z E = E ©0o00®000000°0o0 3
= =1 — -
E 02f 30~25+ c0000®60°0]
I3 E o E E
- g E
n 0.1F s 0.1F -
E o TR E
0.0E 00F v v v v v vy
1 3 65§ 7 9 11 13 15 17 19 21 23 256 27 29 1 3 656 7 9 11 13 156 17 19 21 23 25 27 29
Day Day
Evora 01.06.2005 - 30.06.2005 Evora 01.06.2005 — 30.06.2005
0.5F ] 05T T T T T T T T 3
o 04 T 0af 3
a ~ E 3
=~ <]
2 3
T 0.3 3
2 E =
= E °
] E g
go.eé 3
- H
' 0.1F &
0.0 A Qo Q.
1 3 8 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 256 27 29
Day Day
Carpentras 01.07.2005 — 31.07.2005 Carpentras 01.07.2005 — 31.07.2005
] L e i e e B 3 Y I e B 3
o 04F E T 0af 3
a E ~ E E|
=~ E -] E E
o E g E E
T 03F = £0.3:— E
2 F®00©006,0000000000900000900000©0°0 o] = E E
< Eoooo co00oc0000000ho00000000 0o o] o Feooo©ooo00000000000000000000°0°%20o07
F 02f 3 § oz2f 3
g fg Eooofocoo00000e0/e\dooosnonofeedeeles
VJO.I;... -.-""".....°""....'. _é 504?'.0‘,.....-.'""'-o.'o"".."_;
00FE. v v v v 00E. v v v v vy
1 3 5 7 9 11 13 156 17 19 21 23 25 27 29 31 1 3 65§ 7 9 11 13 15 17 19 21 23 25 27 29 31
Day Day
Carpentras 01.07.2005 — 31.07.2005 Carpentras 01.07.2005 — 31.07.2005
] L o e S S S S 3 Y I o B 3
o 04F E T 0af 3
a E = E E
=~ [} E 3
[] ° E E
§ 03F E 5 03F 3
2 °©0 o0 ? fo ?o % 0062%7900°% 40 = E ° s E
S Eloteesldy +::::+ 3.2¢¢}+..- ie 3 feeet ot S00eatt 00000000 b0l
© 0.2F = 0.2F -
s T FE o E ° ° E
Tk . A PO R N A AATRPR RS LA
Q. E ¢ . E o E ° . 3
@ otfE, ot .++,++.... t ...u** ° ‘\,_ &OLIE, /4 .“.*“,.,#{ “_.,+#°- $3
E ° E E o A —t E
{020 S S S T T S ST S S S S Y O S :)nn: {00 S S S S S S S S S S S S W e ! <.)..:
1 3 65 7 9 11 13 156 17 19 21 23 25 27 29 31 1 3 65 7 9 11 13 15 17 19 21 23 25 27 29 31
Day Day

Figure 55: Spectral (left) and broadband (right) MDAL for Eman June 2005 and Carpentras in July 2005 re-
processed with algorithm version AL2 v5.1. The ddines in the graphs show daily averaged Aeronet
measurements of the aerosol optical thickness @im4Evora) and 500nm (Carpentras). The resultstzoan
with (top) and without (bottom) iterative tempocaimposition of the daily estimates.
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2.7 Comparison with In-Situ Measurements

Recent in-situ data including measurements of thend and up-welling short-wave
radiation are available for the BSRN-station of awvare (Estonia) and for a site located at
Agoufou (Mali) from the AMMA project. Figure 56 digis examples of the time series ob-
tained at the Toravere station during clear anddytodays. On clear days the direct down-
welling flux dominates and the illumination condits approximate the conditions required in
the definition of the directional-hemispherical edlo. In this case the in-situ albedo at local
solar noon may be compared with the directionalibpherical total short-wave broadband
albedo product. For cloudy days the diffuse illuation conditions may rather resemble those
of the bi-hemispherical albedo variant. For the parison we therefore consider different av-
eraging periods of the in-situ albedo measurendgpending on a simple criterion for distin-
guishing clear and cloudy days. For clear daysnérval of one hour centred at local solar
noon is taken, whereas for cloudy days the whalendl series is considered (with a cut-off
at a solar zenith angle of 80°).
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Figure 56: BSRN-measurements of albedo (left) and down-weliihgrt-wave radiation (right) for examples of
a clear (top) and a cloudy (bottom) day at Toravélre plots on the right also include the Land-Sdrwn-
welling short-wave radiation estimates.
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Figure 57 shows graphs for Toravere with time sesiganning the period for which
both Land-SAF products and ground measuremen@vaitable. Satellite estimates are lower
during the first half of the period and consistdating the second half. Figure 43 shows res-
ults for AMMA sites. The apparent outlier, whichncle seen for Toravere at the end of June
in the bi-hemispherical albedo time series was ey a bug related to the missing initial-
isation of a variable in the AL2 code. This problecturred very rarely, but in a determin-
istic way. It was solved in version AL2 v5.1.

Toravere 01.06.2005 - 31.08.2005 Toravere 01.06.2005 — 31.08.2005

04F

@Mﬂ%ﬁi@:ﬂmﬁww it
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o o
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Figure 57: Comparison of the Land-SAF albedo estimates witugd measurements for Toravere,
Left plot shows the Land-SAF bi-hemispherical btwaad albedo results, and right plot the
directional-hemispherical estimate. The ground messent data points marked in dark green colour
are the same in the two cases. Crosses indicatediagsified as cloudy and the rhombuses indicate
clear days. The error bars of the in-situ data tgogorrespond to the observed standard deviation
during the averaging period.

For Agoufou the Land-SAF product overestimateshslygthe albedo with respect to
the ground measurements during the whole periodhé&tend of May, a rapid decrease of
LAND-SAF albedo is caused by an aerosol episodegher not evidenced by ground meas-
urements. Further in the season, in August, the dd@vailable products explains by the oc-
currence of rainfall events. Two sites, in Banizéwaon and Niamey, were equipped from in-
struments of an ARM Mobile Station (Radagast pmpjdeor Banizoumbou, Land-SAF al-
bedo is positively biased compared to ground measents, probably because in situ sensor
sampled more vegetation. As for Niamey, the matzhigtween Land-SAF and ground-meas-
ured albedo is particularly remarkable. Generadrimfation from a comparison with AMMA
sites is the excellent correlation, in particularidg aerosol and rainfall events (Figure 58).

However, in the light of the considerable geo-lmrauncertainties and the question-
able representativeness of the local ground measunts for the rather large SEVIRI pixel
size (especially for Toravere) the pertinence ekthresults remains somewhat questionable
and could then probably be improved in the future.
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Figure 58: Comparison of the Land-SAF albedo (directional-regherical) estimates AMMA ground
measurements. From top to bottom: Agoufou, BanizmumNiamey. Ground measurement and Land
SAF albedo data dots are shown in orange and blesgectively. Crosses indicate days classified as
cloudy and the rhombuses indicate clear days. Titoe bars on the in-situ data points correspond to
the observed standard deviation during the avegag@miod. Daily averaged aerosol optical thickness
values at 440nm measured by the respective Aesbatdn are included as blue lines. The numerical
values shown on the y-axis need to be multiplied1Byto obtain the correct optical thickness.).
Rainfall estimates (in mm) from TRMM satellite aredicated in green colour as an histogram
representation.
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For the station of Carpentras (Figure 59), theadist of AL-BB-BH to MODIS is still large
compared to the differences between OP and MACC Mp¥ducts. This would suppose an
over correction with MODIS. The AOD values remagtatively low for this station (less than
0.1 in general). Interestingly, it may be noticeslignificant reduction of MACC AL-BB-BH

at the end of April, consistently with an aerosetr evidenced by MACC in using the cor-
rect forecast. Note that the OP product is nottreato this aerosol episode. No ground refer-
ence was available for Carpentras.
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Figure 59: Times series for the station of Carpentras of A-BH (OP and MACC), and MODIS
(blue). AERONET and MACC forecast for optical deptie also reported.

For AL-BB-BH in Evora (Figure 60), it is worth notng that the signal is more scattered with
MACC compared to OP. The region of Evora is ativacfor depicting aerosol events and the
large variability observed (a good correlation exisetween AERONET and MACC aerosol
chronology) confirms this statement. Finally, thegpact of the MACC aerosol correction is
weak compared to the distance to MODIS (aboveyaumg truth (below).

Evora 01.02.2010 — 30.09.2010
A0D650 NACS FO18 l
000000 MAGC Foe

8
~

AOD660 MACA FO19

A0D860 MACD Fo21

2
©

A0DS60 MACC F023 AODS60 MAGC Fos0 |

o 3 * * = N 2 o

o8 i ™00 b e Wmmlx"w
Y

ANt /

Broadband Albedo (BH)
o
o

a

LR :l%t':':':'f'w:'.':@

o
o)

k‘ e = 13
;\ﬁ 1

-
€
s
£
>
z
13
w
°

Figure 60: Times series for the station of Evora of AL-BB-BEBIP and MACC), and MODIS (blue).
AERONET and MACC forecast for optical depth areoateported. Ground measurements are
indicated (orange color).
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This site of Hesse (Figure 61) located near Nakegr(ce) is marked by snowfall episodes,
with full ablation occurring in April. This site ig forest of ~4.5 km2. The in situ PAR albedo
measurements locate slightly above MODIS and bé#ipAL (Al-VI-DH). The effects of
the MACC correction seems to increase the quafith@® comparison. At least, it reveals that
it yields an impact. For AL-BB-DH, it is very diffult to conclude on any improvement
whereas MODIS data match well with in situ BB albed
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Figure 61: Times series for the station of HessMBIAL (OP and MACC), and MODIS (blue).
AERONET and MACC forecast for optical depth areoateported. Ground measurements are
indicated (black color). Top: AL-VI-DH. Bottom: ABB-DH.

The station of Tamanrasset (Figure 62) site is ethlky the occurrence of large aerosol load
according to AERONET whereas MACC fails to repragsach intensity. Clearly, there is a

better reactivity of the signal after MACC correcti At any wavelength, it is shown an in-

crease, which outlines the impact of the aerosattagng transmittance. In comparison,

MODIS remains low. This may suppose an underesgirofithe aerosol correction due to the
weakness to depict correctly aerosol over brigigets in the case of MODIS.
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Figure 62: Times series for the station of Tamaseasf AL-BB-BH (OP and MACC), and MODIS
(blue). AERONET and MACC forecast for optical deptie also reported.
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2.8 Comparison with ECMWEF Albedo product

Finally, we performed a preliminary comparisonfué Land-SAF and MODIS albedo
products with the albedo map of the ECMWF modefyFé 63). For this purpose the daily
Land-SAF and ECMWEF estimates were averaged ovérday MODIS period in November
2005. The ECMWF and MODIS results were re-projettethe SEVIRI grid. The visual im-
pression suggests that ECMWF overestimates allednaw-free regions with respect to the
satellite products.
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Figure 63: Comparison of total short-wave broadband albedimests for the period from November 17 to
December 2. Top left: Land-SAF albedo product. Tight: Uncertainty estimate for the Land-SAF albedo
product. Bottom Left: ECMWF albedo map: Bottom RighlODIS albedo product. (Note that the Land-SAF
uncertainty estimates are very high at Northerituld¢s due to the unfavourable angular conditidribat time

of the year.)

2.9 Comparison between DO1 and D10 products

The D10 is a composite product expanding over &&y30-day and which is derived from

the daily (D0O1) albedo products. The D10 produgirsduced every 10 days. The reliability
of this climatological-based product is verifieddagh a comparison with the daily (D0O1)

product over 2 contrasted sites located in Nam{@iababeb) and Estonia (Toravere). The
validation is supported by the availability of tinseries of tower flux measurements of
broadband albedo collected over these 2 sampleslisi2009 (Figure 64).
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Figure 64: Time series of broadband albedo acquired in 20@®2 2 confident sites (Top: Gobabeb;
Bottom: Toravere). Ground measurements (orange)AMblack). MTAL (red). Red/blue dots on
the X-axis indicate missing data.

3 Surface Albedo — AVHRR
3.1 Comparison with MODIS

A selected zone including Europe and North Africasweconsidered for the sake of
comparison with MODIS. This encompasses sufficiifferent types of surface such like
some general trends and conclusions could be dralaen ETAL product has been projected
on a sinusoidal grid to match with the MODIS praduthe original 0.01°x0.01° ETAL
product was resampled according to the lat/lon gfilODIS in taking the nearest neighbour
pixel. In a final step, a temporal interpolatiorsti@een carried on in order to match with the
strategy of time sampling of MODIS in order to ne@mompatible dates.

The exercise of comparison concerns the range génon January to April 2016.
However, ETAL product requires several weeks beftweget filled values owing to
accumulation of a sufficient number of clear sceridsreover the period of January and
February is not favorable over Europe in wintertidoe to cloudiness. Therefore, herein only
comparisons are shown for the months of March apidl 2016 in taking the mid-month for
case studies. Note that for the year 2016, AVHRRfMetop-B is considered.

The comparison is shown for the AL-DH in VIS, NIRdaBband, also for for the AL-
BH in Bband. The results are displayed in Figure (A means Black Sky Albedo and is
standing for MODIS product MCD43B3).
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Figure 65. Comparison between ETAL VI-DH and MODIS for Marth (left) and April 15 (right) 2016.
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Figure 66: Idem Figure 65 for ETAL NI-DH.
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Figure 67: Idem Figure 65 for ETAL BB-DH.
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Figure 68: Idem Figure 65 for ETAL BB-BH.

T #
¥,
r L TP e e e T e p gy -
20ieaiis o l e
4 lgedl s
¥ i
2 I s
i C
L s
L . P
-
o el &
= & F
b S 1 = o BBt j
2 " ] 5
- A i -
24~ i & . A
4 2 e
# Mdr ]
K 1
* #
g ’
i 4 e daia r
_— wzt F v
ik ¥ 1 L ] F e R T
] . a4 i wi (¥ 0.0 i
WhA i wr ad a4 ] L

A AW air 0ad AsF LY 0

L0 MODEy | 2101 ETAL less MODIS 20160415

Reflectanee Ryflictanee

VSR BN M O AT A AAT aed 00

I T T LR 1 e i i

80




= Ref. SAF/LAND/MF/VR_AL/1.4
| @& LSA SAF Issue: Version 1.4

Date: 25 November 2016

The results of comparison displayed in Figures 85f6veals a general good
agreement between ETAL and MODIS in regard to @inel$cape patterns and timing between
the two dates. The more discrepancies are obsdovedl-DH products over desert targets
and some snow zones, this latter could howeveraexgby a different strategy for mapping
snow albedo between the two sensors. The presardareection of aerosols — especially dust
— for ETAL could explain high values compared to DIS, which seems to match with the
topography however. The MODIS data sets are Cadled and the known calibration drift
may be at the root of the findings.The bias vamresind 2 % may be improved, although the
rmse should be improved provided MODIS appearhastitable reference. As for NI-DH,
BB-DH and BB-BH, the observed biases are less 1§anstill remain some outliers that will
require further analysis. This seems to conneshtiw targets where no bias can be observed
over desert targets in this case.

AL-BB-BH_EPS 20150215

AL-BB-BH_diff EPS MODIS 20150215 AL-BB-BH EPS vs MODIS
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Albedo MODIS

Figure 69: AL-BB-BH on February 2, 2015: (Top to bottom, ledtright) ETAL, ETAL-MODIS, scatterplot.
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Figure 70: Idem Figure 69 for AL-NI-DH.

82




& LSA SAF

Land Surface Anabals

Ref. SAF/LAND/MF/VR_AL/1.4
Issue: Version 1.4
Date: 25 November 2016

AL-BB-BH_diff EPS_MODIS_20150615

AL-BB-BH_EPS_ 20150615

AL-BB-BH EPS vs MODIS
=1
=
biais = 0.00026
d=00155
eps mean = 0.15325
6 2 modis mean = 0.15352
o _|
30 v o
o
g
= o |
20 o
o ,-'-’
10 o T ’-'
o b7
=4 T T T T
0.0 02 04 0.6 0.8 10
Albedo MODIS

Figure 71 Idem Figure 69 for SAfr and June 15, 2015.
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Figure 72 Idem Figure 71 for AL-NI-DH.
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Figure 73: Idem Figure 71 for SAme.
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3.2 Results of statistics

This section shows the results of cross-comparisetween ETAL and MODIS for the
different broadband products over long periodsimietand at continental scale. The next

meanALYI-0H

meanALYI-0H

meanALYI-0H

Figures 74 to 81display statistics (mean, biasejroser Europe, Africa and S-America.
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Figure 74: Comparison between time-evolution of MODIS andAETneanalbedo values
over Europe in 2015: AL-VI-DH (left) and AL-NI-DHight).
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Figure 76: Comparison between time-evolution of MODIS andAE biasin albedo values
over Europe in 2015: AL-VI-DH (left) and AL-NI-DHight).
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Figure 79: Idem Figure 77 for SAfr.
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Figure 80: Idem Figure 76 for SAme.
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Figure 81: Ildem Figure 77 for SAme.
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Table 10 offers a synthesis of the statistical Itesaf cross-comparison between
MODIS and the catalogue of ETAL products for theolehyear 2015. Regarding the criteria
of threshold in term of bias, it falls always withthe specifications. Interpreting this
threshold in term of rmse, it is worth noticing somsues for ETAL NIR and over Europe in
particular. This feature already appeared in comgamean values for ETAL and MODIS
(see Figure 74). This issue is still under invegian. The remaining issues on NIR are
somewhat reported on the BB albedo products bueffeet is however dampened by the
quality of ETAL VIS. Also it is worth noticing a gh value of rmse for AL-VI-DH and for
AL>0.15 over Europe. But in this case, the problsrknown and comes from the fact that in
the case of MODIS, either snow or snow-free albeaalucts are generated, which is not the
case for ETAL product which encompasses all scenbs will be improved in the next
version of ETAL where the MODIS strategy will beogded.

Table 10 Bias and rmse values issued from the inter-corsparbetween MODIS and
ETAL for the whole year 2015.

AL < 0.15 - Threshold=0.03 AL = 0.15 - Threshold=20%
Euro SAfr SAm Euro SAfr SAm
Bias -0.00152 | -0.00564 | -0.00136 | 0.00868 | -0.00087 | -0.00628
AL-BB-BH RMSE 0.02723 0.01527 0.01949 0.0709 0.01758 0.03002
Bias 0.00666 -0.00027 0.00129 0.02097 | 0.00659 0.00173
AlE-OH RMSE 0.02504 0.01258 0.01749 0.0773 0.01435 0.03084
Bias -0.0063 -0.00963 -0.0146 0.00356 | -0.02043 0.00125
ALNOH BRMSE 0.0229 0.01468 0.02054 0.10478 | 0.02788 0.0893
Bias -0.01255 | -0.02089 | -0.01389 | 0.01211 | -0.00508 -0.0022
G o RMSE 0.04116 0.02681 0.03833 0.05452 | 0.01918 0.02861
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4 Conclusions

This document resumes the efforts of the projectmtontain the Land SAF albedo
products (MDAL, MTAL, and forthcoming ETAL) at auel of precision that could answer to
the needs of the users community. The core of #iiglation relies on a comparison with
widely used albedo products from sensors like MOBXY8 POLDER. A major source of dis-
crepancy still today seems to be the aerosol dmoreavith a clear difficulty above bright tar-
gets. Therefore, a recent investigation aimed@acing in the LSA SAF atmospheric correc-
tion procedure the climatologic-based AOD (aeragaical depth) with the operational AOD
issued from GEMS/MACC project and disseminatedingly by ECMWF from 2010.

The specification of the albedo product expressetheé Product Requirements Table
(PRT) states an accuracy objective (relative taréispective albedo level) of 0.03 for MDAL
below 0.15 and 20% for MDAL above 0.15. This turm$e 0.015 for MTAL below 0.15 and
10% for MTAL above 0.15.

The comparative studies with the corresponding M®Blbedo product show a good
consistency for both AL-VI-DH and AL-BB-DH (-BH)fIMODIS is considered as a valid
(unbiased) reference, the bias requirements cacobsidered as fulfilled for the series of
MDAL products. Interpreting such information asmstard deviation (rmse) of the difference
between the estimate and the supposed referenge (MODIS mostly, ground truth when it
exists) - the results can be deemed satisfactorgspect to the specifications. If VI clearly
contains more piece of information in regard to d@eeosol correction, however the improve-
ment on BB can also be judged significant. This msghat the narrow-to-broadband conver-
sion is correct and not the source of uncertaiByycomparison with MODIS albedo, the stat-
istics are slightly improved with MTAL compared MDAL. But since the specifications are
two times more stringent, it cannot clearly meettbquirements of 0.015 for absolute accur-
acy while the 10% of relative accuracy is reached.

The exercise of comparison with POLDER revealsetkistence of a bias particularly
for low albedo values. For this reason, values @Al below 0.015 cannot satisfy to require-
ments and even a value of 0.03 could not be advidather investigation is needed to better
understand such bias like a possible improved-cdébration of the sensors (aerosol signal
cannot hardly explain such bias).

This study confirms that MDAL product already falithin the specifications in fact.
Considering that the only (relevant) criteria is ttnpact of MACC aerosol correction consist-
ently with an aerosol event well depicted by AERANIhe results can be deemed prom-
ising. As a result, the new MDAL products will shanore time variations, as it could be
somewhat expected. In fact, it seems to be paatiguthe case when an aerosol event is last-
ing over several days because the a priori infdondeeps memory of this event.

A validation exercise has been performed for ETAadoict over Europe, Africa ad S-
America and the year 2015 through comparison widINS. A CAMS climatology of aero-
sol load has been considered for the atmospherreamn. The main outcomes is that the
specifications are reached for AL-VI-DH except smow transition scenarios. But this issue
is understood and will be solved with the next aerof ETAL. Nevertheless, some discrep-
ancies outside specifications are noticeable faerof AL-NI-DH, which makes that AL-BB-
BH and AL-BB-DH could still be improved althoughsavering to the specifications. The
problem for ETAL NIR values is under investigation
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Appendix B. Glossary

AL: Land Surface Albedo Product

AVHRR: Advanced Very High Resolution Radiometer

BRDF: Bi-directional Reflectance Distribution Function

CNRM: Centre National de Recherches Météorologiques

CMa: Cloud Mask product developed by the NWC-SAF
ECMWEF: European Centre for Medium-Range Weather Forecast
EPS: EUMETSAT Polar System

EUMETSAT: European Meteorological Satellite Organisation

HDF: Hierarchical Data Format

IPMA: Instituto Portugués do Mar e da Atmosfera (Portugal)
NIR: Near Infrared Radiation

LSA: Land Surface Analysis

METEOSAT: Geostationary Meteorological Satellite

METOP: Meteorological Operational polar satellites of EUMETSAT
MF: Météo-France

MSG: Meteosat Second Generation

NOAA: National Oceanic and Atmospheric Administration (USA)
NWC: NowCasting

NWP: Numerical Weather Prediction

SAF: Satellite Application Eacility

SEVIRI: Spinning Enhanced Visible and Infrared Imager

SWIR: Shortwave Infrared Radiation
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