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1. Background
2. Aimand scope 
3. Description of the Methodology
ü Physical Retrieval
ü Forward Model 

4. Results 
ü Surface Temperature (ST) and Emissivity (ʁ)
ü Comparison 
ü With ECMWF analysis
ü With  Ground Based Measurements
ü With MODIS Products

5. Conclusions
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ü The work originated within EUMETSAT(P. Watts)
ü Objective: To study and formulate a general strategy to apply 

spatial and temporal constraintsto the estimation of 
geophysical parametersfrom radiance measurements made 
from geostationary platforms, to apply the strategy to a 
particular example problem and to recommend a way forward 
to more general application to MTG FCI imager and IRS sounder 
data. 

ü The study was also motivated by the quest of 
methodologies capable to perform a dimensionality 
reduction of the data space
ü In NWP the numbers of observations varies considerably, but 

global models perhaps assimilate of order 106 observations per 
12 hour window. With SEVIRI the number of observations is of 
order 108 per 15 minutes
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Why we developed the KF for SEVIRI



ü Continuity is felt important in order to 
dynamically separate emissivity from 
temperature. In order words, try to exploit the 
different variability time scale of the two: minutes 
for temperature, days for emissivity.

ü Dimensionality reduction is felt important also in 
view of MTG: FCI and IRS mission.
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Background



ü KF is an assimilation system (may incorporate the 
basic physics involved in the problem: radiative 
transfer and dynamics).

ü Acting on the dynamics, we can put appropriate 
constraint in order to take advantage of the 
different time scale of emissivity and temperature.

ü Exploiting the time sequential architecture of KF, 
the dimensionality of the data space is kept scalar
in time, i.e., observations are processed as they 
come and are not accumulated as it would be in an 
ordinary static Optimal Estimation method.
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KalmanFilter



Since2011, The analysis has been performed under the 
projects: 
ü EUMETSAT
ü EUM/CO/14/4600001329/PDW
ü EUM/CO/11/4600000996/PDW

ü CNR/MIUR,
ü RITMARE (CNR/MIUR) Ricerca ITalianaper il MARE

ü Regione Basilicata, 
ü PO FSE Basilicata 2007-2013

ü LSA SAF
ü IPMA, Instituto Portugues do Mar e da Atmosfera 

LSASAF_VS2016-02
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KF development for SEVIRI, funding 
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Inverse Model: Kalmanfilter + persistence
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Forward Model: ̀ -SEVIRI 
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¸ -̀IASI ό-̀SEVIRI) is a general purpose pseudo-
monochromaticradiativetransfermodel:
¸ It computes Spectral High-resolution quantities for RTE

¸ It is based on look-up table of optical depth + interpolation 
procedure

¸ Simple dependence of the Optical Depth with respect to the 
Temperature and the gas concentration

Analytical derivative, Fast and Accurate
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It takes into account both Specular and Lambertianreflection
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Speed up the Forward Model: ̀ -SEVIRI 
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¸ PCA(PrincipalComponentAnalysis)based approach to Radiative
TransferModel for SEVIRI

¸ Spectral High-res quantities 
are computed for a selected 
number of predictors (ὲ

¸ That, with a PCA based 
approach , are represented 
with a limited number of 
Principal Components (ὲ

¸ It convolves  at SEVIRI ISRF 
with linear regression

¸ Very Fast and Accurate
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SEVIRI channels used in this analysis 
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¸ To retrieve SurfaceTemperatureand emissivitywe usedIRSEVIRI
windowChannelsὲ τ)

¸ 4 @8.7 m˃, ὲ σπ,ὲ ω
¸ 5 @9.7 m˃, ὲ τπ,ὲ ρτ
¸ 6 @10.8 m˃, ὲ ςπ,ὲ υ
¸ 7 @12 m˃ , ὲ σπ,ὲ φ

Ch. 6 @ 10.8 ˃m

Ch. 7 @ 12 ˃m

Ch. 4 @ 8.7 ˃m

Ch. 5 @ 9.7 ˃ m
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Background Information, Atmospheric State
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ECMWF, Surface temperature
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ECMWFOperationAnalysisfrom
MARSplatform.

High spatial Resolution
(0.125x0.125)

¸ 60/91/137Pressurelevels

¸ ST, SurfaceTemperature
¸ SP,SurfacePressure
¸ TCC,TotalCloudCover

¸ T,Temperature
¸ Q,SpecificHumidity
¸ O3, SpecificOzone
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Background Information, Emissivity
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UW/BFEMIS,database, Monthly mean and covariance
computedfor the 14yearsperiod2003-2016.
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Validation Stations: Acknowledgements
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ü Isabel Trigo, Instituto 
Portugues do Mar e da 
Atmosfera IP, Land SAF, 
Lisbon, Portugal

ü Frank M. Göttsche, 
Karlsruhe Institute of 
Technology (KIT), 
Karlsruhe, Germany
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Comparison with in situ measurements
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ü Summary of the Results from the three LSA SAF 
validation stations

ü Comparison with in situ Surface Temperature

Mean difference 
with in situ data

(°C)

Standard deviation
of the difference

(°C)

Dahra, Jan.-to Oct. 2011 -0.70 0.96

Evora, Jan. to Dec. 2010 +0.91 1.62

Gobabeb, Jan. to Dec. 2010 +0.86 1.18
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Comparison with in situ measurements: Dahra
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ü An example from Dahrastation (Time series of 4 
days ςstep 15 min)
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Comparison with in situ measurements: Evora
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ü Evorastation. 1 year Scatter plot (Left). 17 days long 
time seriewith 15 min step (Right)
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Comparison with in situ measurements: Gobabeb
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ü Gobabebstation. 1 year Scatter plot (Left). 11 days 
long time seriewith 15 min step (Right)
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Comparison with in situ measurements: Gobabeb
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ü Gobabebstation. ʁ @10.8  - 1 year long time series 
with 15 min step 
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Land cover change detection with IR SEVIRI channels 

20FRM4STS - Guido Masiello, NPL, Teddington, 17 October 2017

2
. M

e
th

o
d

o
lo

g
y

4
. C

o
n

clu
s
io

n
s

1
. In

tro
d

u
ctio

n
3
. R

e
s
u

lts



Land cover change detection, an example: Dahra
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Validation for the Sea
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9643 MSG-10 Seviri Pixel

5671 (Sea), 3972 (Land)

1 January -31 December 2013

42 N

39 N

13 E 18.75 E

ü The scheme works for the SEVIRI full disk
ü The case study  shown here is an area surrounding Basilicata Region, 

including  Mediterranean Sea (Tyrrhenian, Ionian and Adriatic Seas)
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Comparison with ECMWF
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ü Comparison with ECMWF data show excellent agreement 
(statistics based on  2,754,238 data points, 1 year) 
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Comparison with MODIS
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ü Comparison with MODIS (statistics based on 3,230,710 data 
points 1 year) 
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4 Years of Continuous Retrieved Skin Temperature
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ü The animation shows Evolution of Sea Skin Temperature in 
the period 2013-2016 

ü Each Frame represents monthly mean.

http://www2.unibas.it/gmasiello/assite/rep/Med_2013-2016_T.gif
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http://www2.unibas.it/gmasiello/assite/rep/Med_2013-2016_T.gif


Retrieved Skin Temperature, 1 Day of August
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ü The animation shows Evolution of Surface Temperature for 
ǘƘŜ н ƻŦ !ǳƎǳǎǘ нлмо ŀǘ ǘƘŜ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ {9±LwL όмрΩύ 
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http://www2.unibas.it/gmasiello/assite/basilicata_Aug_2013.gif

http://www2.unibas.it/gmasiello/assite/Basilicata_2013_TsLand.gif


Current and Future Data Availability
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ü The Monthly mean data are freely available at web site
ü http://www2.unibas.it/gmasiello/assite/as/products.html

ü At the moment they are organized in 
compressed ASCII files (1 per month) 

ü We are processingSEVIRIdata for
2017 (Resultswill be available on
line assoonaspossible)

ü We plan to processSEVIRIdata back
to 2003

ü We are implementing a new web
portal that simplify data request
enablingdownload of the full time
resolution results. (Master Thesisof
A. Coviello)



Applications to Full Disk
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ü Theschemeworksfor the SEVIRIfull disk

ü FullDisk(VZA<=70Á):
ü Total3,545,871pixels
ü 3,488,328Landpixels
ü 57,543In LandWaterpixels
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November2007 surfacetemperature
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ü Monthly meansurfacetemperature
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