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EUMETSAT SAF NETWORK

Satellite Application Facility (SAF) is an
European scientific network designed by
EUMETSAT.

Objectives

* Improve the exploitation of satellite data in
EUMETSAT's Member States

 Encourage the utilisation of existing skills
and infrastructure in Member and
Cooperating States

« Cost-effective exploitation of generated
products and services

» Foster the development of cooperation with
non-Member States and other
organisations
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Land Surface Analysis SAF (LSA-SAF/land-SAF)

EUMETSAT SATELLITE APPLICATION
FACILITIES (SAF’S)

I :
p- 1 *LSA-SAF Land Surface Analysis
I

I OBJECTIVES i
| Develop techniques to retrieve parameters 1
| related to land, land-atmosphere interactions I
I and biosphere applications, by using data from |
|
|

: MSG and EPS satellites
1

X | Concretely:

| » Algorithm development

K

vV VY
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Algorithm validation

Generate the products pperationally in near
real time ( ~1 hour after observation)

Products reprocessing

Provide products and support to user

Participate to products review made by
external reviewers

The EUMETSAT
Network of
Satelite Application
es

Land Surface Analysis



The Land SAF Consortium T | @ LsasaF

Instituto de Meteorologla
(IPMA) Portugal

Meteo-France (MF), France
Royal Meteorological Institute . L
(RMI), Belgium Organisation principles:
Finnish Meteorological Institute
(FMI), Finland v' Algorithms developed at one
IMK, University of Karlsruhe of the participating Institutios
IDL, University of Lisbon _

: ] : v Algorithms handed over to
UV, University of Valencia IPMA for integration and
KCL, UK production
VITO, Belgium
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Land Surface Analysis

LSA-SAF chronogram of activities
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% | @ LSA SAF
LSA-SAF MSG Products

Surface Radiation Surface Water Balance

%

Vegetation

.Wiid i res

Fire Detection & Monitoring
NDVI from Metop | —
N

Development Pre. Operat. _

Increased level of maturity




. EE | @ LSA SAF
Common Products Characteristics & Lsas

Al products have a quality flag and/or error bar associated

Detailed documentation (Product User Manual, Validation Report,
Algorithm theoretical Basis Document)

Products generated for the same area
- Europe

- Northern Africa

- Southern Africa

- Southern America

- MSG-Disk (since 11/2015)

SEVIRI resolution

Variable time resolution
-15 min to 10 days

EPS products generation for a subset of variables(LST, DSLF, NDVI)



LSA-SAF MSG Products

Surface Radiation

Débsk)pment Pre. Operat. .pe'ratiohél
Increased level of
maturity
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Radiation Products - DSSF < | @ LA SAF

Downwelling Surface Shortwave Flux

Radiative energy flux in the wavelength interval [0.3um, 4.0um]
reaching the Earth's surface per time and surface unit.

. LSA SAF method (Geiger et al., 2008)

. Input data:

0.6, 0.8 and 1.6 um SEVIRI channels
TCWV from ECMWF

Cloud mask from NWCSAF




Radiation Products - DSSF
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Methodology
DSSF = S V(t) cos & un effectlve\A
Solar Distance Solar Effective
Constant sur_l-earth zenith transmittance
(jday) angle
The effective
1 transmittance of the
effective Tatm atmosphere is a funtion
1-A A of atmospheric
/ surf )
constituents
Atmosphere transmittance
Cloud transmittance
/ Simplified physical
T _T Tcloud description of the
effective — !atm 1 T radiation transfer in the
— atm_below_cloud Asurf Acloud cloud-atmosphere-
/ surface system
Surface albedo

Cloud albedo



Radiation Products - DSSF 7| @ LSA SAF

Monthly variation of daily accumulated Solar Radiation

15 March 2009 . 15 May 2009 ..

¥ 2




Validation

DSSF [W/m2]

DSSF [W/m?]

Radiation Products - DSSF

@ LSA SAF

Land Surface Analysis
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Validation at measurement sites



Radiation Products - Albedo ‘ & LSA SAF

Albedo: Fraction of incident radiation reflected by the surface Albedo Seasonal Cycle:

High Albedo Values over _ ﬁ |
Snow Primarily driven by
Vegetation & Snow
and
Deserts

vegetated areas

Input data:

0.6pm, 0.8um, 1.6um SEVIRI channels
Solar and View Angles

Land/Sea Mask

Cloud Mask (SAF-NWC software)
Total Column Water Vapour, and
Pressure (ECMWF)

AL-BB-BH 2007/12/01 - 00:00 UTC :
i | * Ozone Content (Climatology)
0.1 0.2 0.3 0.4 0.5 .

Aerosol Optical Thickness (Climatology)
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Radiation Products - Albedo ‘| @ Lsasar

Validation
boreal forest
Toravere 01.09.2005 — 30.06.2006
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Radiation Products - Albedo 7| @ LSA SAF

Validation
Agoufou 01.03.2006 — 31.08.2006

0.5 50(
£ 04 MSG albedo . 6%’(/ i
S -'}"\ Sl N
E 0.3 -ﬁ & @%%%%&%&?a%{h 30(
2 RV YIS
e
c : < %«%% D,
g 0-2 Modis albedo _ ¢ 20(
= Aerosol optical thickness
(v}
O
£ 0.1 ’W\}M 10¢

0.0 TR

» x x x 0ENK b4
| March | April | May | June | July | August

U Temporal evolution of the albedo estimate is influenced by rainfall.

U ‘Spurious’ fluctuations appear to be caused by aerosol effects.



Radiation Products - LST <7 | @ LSASAF

Land Surface Temperature (LST) is
LST the radiative skin temperature over land.

v'Generation Frequency - 15 min
vclear sky pixels ...

v  over land ...

v’ where estimated errors < 4K

v’ Available since 2005

2008/03/23 \v‘.’//
07:15 UTC LST
;




Radiation Products - LST 7| @ LSA SAF

Methodology: generalised Split-Windows (Wan and Dozier 1996, adapted to
SEVIRI: Trigo et al., 2008a), based on TOA Clear sky brightness temperature at

10.8um and 12.0um (SEVIRI)

1-¢ Ae, T, .+ T 1-¢ Ae, T, .—T
LSTZ(A1+A2 - +A3 82) 10.82 12.0_|_(B]-_|_B2 - +83 82) 10.82 12.0+C

[ o !

GSW parameters depend on:
1. total column of water vapour
2. satellite viewing angle

e = average

Ae = difference } of channel emissivities



Radiation Products - LST ~' | @ LSA SAF

Methodology

Channel Emissivity —» From fraction of Vegetation Cover

Pixel MSG

FVC

t gground (1'FVC)

\_l

LSA SAF Product

| £ = tueq
O“Q

Emissivity is estimated as a weighted average of that of
bare ground and vegetation elements within the pixel
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Radiation Products - LST

Validation at Evora (Pt)

------

Day time Night time
(°C) BIAS RMSD (°C) BIAS RMSD
SEVIRI +1.9 2.2 SEVIRI -1.7 2.1
MODIS -1.8 2.6 MODIS -2.6 2.7
2) Daytime ; b) Night—time . STy
__40¢ i i ~ 0 v LSTuons|]
& &
R 2
S £
ZPA| RS 2 10|
+ STyons e
Obs . . . . 1 ]2 . . . .
a 10 20 30 40 - 1] 10 20 30 44
LST - Satellie (°C) ‘ W LST - Satellite (°C)

Trigo, I. F., I. T. Monteiro, F. Olesen, and E. Kabsch, (2008) in J Geophys. Res., 113



Validation at Gobabeb

Obs In Situ (°C)

60°

40

nnnnnnn

May 2008

200

Radiation Products - LST

Yylliiongwe

Bias: -0.31°C
RMS: 1.16°C

Obs In Situ (°C)

20 40 60
LST SEVIRI/MSG (°C)
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40,
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2 Bias: -0.91°C
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o 20 0 60
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40,

20

Nov 2008
<)
-+ " | Bias: +0.24°C
RMS: 1. 44°C
0 26 | 40 60‘

LST SEVIRI/MSG (°C)

Freitas, S. C., I. F. Trigo, J. M. Bioucas-Dias, F.M. Goettche, 2010 in IEEE TGRS




Radiation Products - DSLF 550 | @ LSA SAF

Down welling Surface Long-wave Flux (DSLF):
Total irradiance within infrared part of the spectrum [4pm,100um].

Generation Frequency - 30 min
Long-wave Radiation reaching the Surface:

Essentially emitted by the lowest 100 m of the
atmosphere

v It is controlled by
» concentration of absorbing gases
CO2, CH4, H20, ...

» presence of clouds, clouds phase

» temperature profile & temperature of
cloud base



Radiation Products - DSLF

Daily DSLF (Wm?) 201101150000

Daily DSLF (Wm?) 201104150000
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Radiation Products - DSLF

Validation: Central Europe station

The EUMETSAT
Network of
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Fociilies

Land Surface Analysis

o CERES T o SEVIRIDSLF Period
! . = i
=90 o s %0 , Jan 2006 - Apr 2007
'c 400 oW = 400¢ Yoo A
3 Y ‘g O o
2 350 i > 350 .o Stations
n i . =t 2 I » ‘, e .
i 300 L EPOE : 300 ok i Palaiseau, France
250 : 5 250 - Payerne, CH
2001 3 200 o clear sky Carpentras, France
150 £L— - - Z 150 L — - cloudy sky
200 300 400 500 200 300 400 500
In Situ (W m™2) In Situ (W m™?2)
Problems:
CERES SEVIRI DSLF - temperature inversions
Bias RMSE Bias RMSE
Clear Sky -0.9 13.4 0.8 14.5
Allsky | -1.4 22.7 1.6 22.5




Radiation Products - DSLF

Validation: Semi-arid and desert stations
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Land Surface Analysis

- - Period
SEVIRI DSLF Jan 2006 - Apr 2007
: Stations
Tamanrasset, Algeria
° Sde Boger, Israel
o clear sky Niamey’ Niger
| = cloudy sky
200 400 500
In Situ (W m™?)
Problems:

Bias RMSE Bias RMSE
Clear Sky 13.0 26.8 -4.4 14.1
All Sky 17.5 29.6 -5.4 16.9

- Impact of high aerosol loads
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Increased level of maturity
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Water balance products ‘ & LSA SAF
Evapotranspiration (ET)

ET. Flux of water vapour between ground surface and the atmosphere.

0 0.7 (mmm)

(mm)

Instantaneous ET, one image every 30 minutes

Daily cumulated ET (DMET)




Validation

Water balance products

The EUMETSAT
N of
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Evapotranspiration (ET)

Simulations (tile leve)
~ - e ®

v Comparison to observations in
different climatic and
environmental conditions

v'Comparison to output from
other models

v'Good agreement between
simulations and observations ;
the best agreement is observed
in areas dominated by grasslands
and mixed forests



Water balance products “ @Lsasar
Snow Cover (SC)

Different signatures of snow, ice, and clouds on 0.6, 0.8 & 1.6 um channels
reflectances.

20130330

Non proc
Snow
Snow-free
Unclass

Water

A thresholding technique is applied to distinguish surfaces
covered with snow or ice from clouds and snow-free
pixels.
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Vegetation

Fire Detection & Monitoring
NDVI from Metop . .
D:velopment Pre. Operat. _

Increased level of maturity




The EUMETSAT
Network

- =i | @ LSA SAF
Vegetation Products

fAPAR

FVC LAI Fraction of Absorbed
- o Photosynthetically Active Radiation

Fractional Vegetation Cover Leaf Area Index

R o &, . m B
FvVC o 2010/08/16 - 00:00 UTC LAl o 2010/08/16 - 00:00 UTC FAPAR o 2010/08/16 - 00:00 UTC
: —  reeeee— i =
) 0.1 0.2 0?3 0?4 0.5 0.6 07 038 0.9 1 0 1 2[ 3 4 5 6 0 0.1 0.2 0!3 0.4 0.5 0.6 0.7 038 0.9
Fraction of vegetation on a Accounts for the surface of |ngicator of the health
flat background. leaves  contained in a vertical  (productivity) of vegetation.

column normalized by its cross-
sectioanl area.
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Validation results

Mongu Tower site  (Zambia)

4 L v T v L) v I .. v I v L]
= Rapid green-up
N
- |® [
i wp S
A
— “ -

Feb Apr Jun Aug|Oct Dec Feb|Apr Jun Aug|Oct  Jan

2006 2007 2008

Minimum biomass Minimum biomass

Peak of biomass Peak of biomass
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NDVI from Metop

Near-global, 10-daily composite images (synthesized from the "best available"
observations registered in the course of every "dekad" by the orbiting earth observation
system Metop-AVHRR)

http://www.metops10.vito.be



rrrrrrrrr

Fire Radiative Power

FIRE RADIATIVE POWER (FRP) - The Fire Radiative Power (FRP) is the amount of
radiant energy emitted per unit time during a vegetation fire. FRP is related to the rate
at which fuel is being consumed

Daily/15 min
(since 2008)

The FRP product is derived using a Fire Thermal Anomaly
(FTA) algorithm. li works mainly on statistics derived from
the 3.9 um and 11.0 pm brightness temperatures, and their
differences
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- .- o ~52 | @ LSA SAF
Fire Radiative Power

FRP product allows to:

v'Detect an active vegetation fire
v Compute the radiant energy per unit time for the detected fire
v Estimate trace gas emissions from the fire

v By integrating FRP during the lifetime of a vegetation fire we get
the total combusted biomass(Kg)
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Land Surface Analysis

LSA SAF webpage

http://landsaf.meteo.p

: L
| @ Lsasar LAND SURFACE ANALYSIS -

SATELLITE APPLICATIONS FACILITY X

Home
Froduct Development Status:
Home The scope of Land Surface Analysis Satellite Applioations Facility (LSA
S4F| is 0 increase bensfitfrom EUMETSAT Satellite (MSG and EPS) deta (I e preele
Crverviem e i Wild Fires
Lirks ® Land [ Fire Radiative Power- PIXEL |
E— R Firs Radiative Powar- GRID
and-Atmosphers )
Site Map © i ierastion Vegetation Parameters
a— [ Fuastion of Vegetation Cover |
Biospheric
Massages
The LS4 SAF performs:

Workshaps Snow Cover

© RA&D Frugrams [ snowCovergdaiy |
Farum
Froducts Operational tber

Activities
Daseription
lbedn

Development Status & Gansration

® fuchiving
® Dissemination

Surface Albedo
MEG Ten Day Surface Albedo

See product colourmaps...
Land Surface Tampersture

of land surface relzted products.

Latest News Down-welling Surface Fluxes

*® Important Mew version of the ET algorithm (rer. 4.0.2) see more. .

® |mpartart New version of the ET algarithm (ver. 4.0.1) s2e more

Legin ® lndate LSA SAF Database maintenance see more...
Register ® yarning LSA SAF Database maintenance see more...

® |mportart LS4 SAF Dissemination resumed see more...

Evapotranspiration
Evapotranspiration (30 mins)

® Irformation LSA SAF Di ination i zee more...

MatOp/2WHRR based products
Land Surface Temperature
EPS - Land Surface Temperature

Devwm-veelling Surface Fluses
Down-welling Surfase Long-wave Radiation
Flux

Caption

Develop. Demo.  Pre-Operat. NGRS

LSA SAFi= an initiative of:
LSA SAF consortium in COOP (20072012

G DM T

haF Rhdl Ih k< s Fhdl oL

@& EUMETSAT

eSatellite products for drought monitoring and agro-meteorological applications. Budapest 24-28 April 2017
eAlirio Arboleda.




