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1 INTRODUCTION

The Eumetsat “Satellite Application Facilities” (BAare dedicated centres of excellence for
processing satellite data, and form an integrat pérthe distributed EUMETSAT Application
Ground Segmenhf(tp://www.eumetsat.ifjit This documentation is provided by the SAF on&up

to Nowcasting and Very Short Range Forecasting, NSYE. The main objective of NWC SAF is
to provide, further develop and maintain softwaagkages to be used for Nowcasting applications
of operational meteorological satellite data byidlzl Meteorological Services. More information
can be found at the NWC SAF webpalygp://www.nwcsaf.orgThis document is applicable to the
NWC SAF processing package for geostationary metegical satellites, NWC/GEO.

1.1 SCOPE OF THE DOCUMENT

This document is the Algorithm Theoretical Basischment for the Cloud Products components
PGEO1 (GEO-CMA, Cloud Mask), PGE02 (GEO-CT, Clowgpd), PGE03 (GEO-CTTH, Cloud
Top Temperature and Height) and PGE15 (GEO-CMI@u&IMicrophysics) of the NWC/GEO
software package.

This document contains a description of the algorg, including scientific aspects and practical
considerations.

1.2 SOFTWARE VERSION IDENTIFICATION

This document describes the algorithms implememtéde release 2016 of the NWC/GEO software
package (GEO-CMA-v4.0 (Product Id NWC-002), GEO-@3©® (Product Id NWC-006), GEO-
CTTH-v3.0 (Product Id NWC-010) and GEO-CMIC-v1.0d¢Buct Id NWC-013)).

1.3 IMPROVEMENT FROM PREVIOUS VERSION
Since 2013 release, the following improvements hmen implemented:

* Technical improvements: interface to updated NWCLitgw output format, technical
adaptation to process other meteorological geosiaty satellites than MSG

» Scientific improvements (see detailgmrm.4.)):

0 GEO-CMA: use of RTTOV on line to improve some tlmasls, reduction of
fire/cloud confusion

o GEO-CT: none

0 GEO-CTTH: none

0 GEO-CMIC: new product based on cloud phase anddclmptical thickness and
effective particle size respectively output ancinally computed in CT from 2013
release. The main improvement since 2013 releae iavailability of new outputs
(cloud optical thickness, effective particle siiguid and ice water path) and the use
by the retrieval algorithm of cloud reflectance slations based on DISORT instead
RTMOM.
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1.4 DEFINITIONS, ACRONYMS AND ABBREVIATIONS

6S
BRDF
CMA
CMIC
CMS

CTTH
CT
DISORT
ECMWF
EUMETSAT
FOV
GEO
HDF
HRIT

IR

K

LUT
MODIS
MSG
NIR
NOAA
NWC SAF
NWCLIB
NWP
OSI SAF
OSTIA
PGE
RO.6um
RTMOM
RTTOV
SAF
SEVIRI
SST
SUM

Second Simulation of Satellite Signal in the S@pectrum
Bi-directional Reflectance Functions

Cloud Mask

Cloud Microphysics

Centre de Meteorologie Spatiales (Météo-Francellgatreception centre
in Lannion)

Cloud Top Temperature and Height

Cloud Type

Discrete Ordinates Radiative Transfer Program
European Centre for Medium range Weather Forecast
European Meteorological Satellite Agency

Field Of View

Meteorological Geostationary Satellite

Hierarchical data Format

High Rate Information Transmission

Infrared

Kelvin

Look-Up Table

Moderate-Resolution Imaging Spectroradiometer
Meteosat Second Generation

Near Infra-Red

National Oceanic and Atmospheric Administration
SAF to support NoWCasting and VSRF

NWC/GEO common library

Numerical Weather Prediction

Ocean and Sea Ice SAF

Operational Sea Surface Temperature and Sea ldgsisia
Product Generation Element

0.6 visible reflectance

Radiative Transfer based on Matrix Operator Method
Rapid Transmissions for TOVs

Satellite Application Facility

Spinning Enhanced Visible & Infrared Imager

Sea Surface Temperature

Software User Manual
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SW Software
T11lym 11 micrometer infrared brightness temperature
TIGR Tovs Initial Guess Retrieval
TOA Top Of Atmosphere
VIS Visible

1.5 REFERENCES

1.5.1 Applicable documents

The following documents, of the exact issue shofenm part of this document to the extent
specified herein. Applicable documents are thodereaced in the Contract or approved by the
Approval Authority. They are referenced in this doent in the form [AD.X]

For dated references, subsequent amendments teyisions of, any of these publications do not
apply. For undated references, the current editfidhe document referred applies.

Current documentation can be found at the NWC Bafpdeskweb: http://www.nwcsaf.org

Ref Title Code Vers Date
[AD.1.] | Proposal for the Second Continuous DevelopimeNWC/CDOP2/MGT/AEMET/PRO 1.0 15/03/2011
and operation Phase (CDOP) march 2012 -
February 2017
[AD.2.] | NWCSAF Project Plan NWC/CDOP2/SAF/AEMET/MGT/PP 1.9 15/10/2016
[AD.3.] | Configuration Management Plan for the NWCSAFNWC/CDOP2/SAF/AEMET/MGT/CMP 1.4 15/10/2016
[AD.4.] | NWCSAF Product Requirement Document NWC/CDOP2/SAF/AEMET/MGT/PRD 1.9 31/08/2016
[AD.5.] | System and Components Requirements DocumeitF/NWC/CDOP2/AEMET/SW/SCRD 1.2 15/10/2016
for the NWC/GEO
[AD.6.] | The Nowcasting SAF glossary NWC/CDOP2/SAF/AEMET/MGT/GLO 2.0 18/02/2014

Table 1: List of Applicable Documents

1.5.2 Reference documents

The reference documents contain useful informatelated to the subject of the project. These
reference documents complement the applicable omed, can be looked up to enhance the
information included in this document if it is dexi. They are referenced in this document in the
form [RD.X]

For dated references, subsequent amendments teyisions of, any of these publications do not
apply. For undated references, the current eddfdhe document referred applies

Current documentation can be found at the NWC Sakpdeskweb: http://www.nwcsaf.org.
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Ref Title Code Vers Date
[RD.1.] Scientific and Validation report for the ald| /NWC/CDOP2/GEO/MFL/SCI/VR/Cloud | 1.0 15/10/2016

products processors of the NWC/GEO

[RD.2] Data Output Format for the NWC/GEO NWC/CDOP2/GEO/AEMET/SW/DOF 1.1 | 15/10/2016

[RD.3.] User Manual for the NWC/GEO applicationNWC/CDOP2/GEO/AEMET/SW/UM 1.0d | 15/10/2016
software part

[RD.4.] Scientific report on improving the cloud piect | NWC/CDOP2/GEO/MFL/SCI/RP/03 1.0 15/10/2016

processors of the NWC/GEO

Table 2: List of Referenced Documents
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2 DESCRIPTION OF CLOUD MASK (GEO-CMA) PRODUCT

2.1 CLouD MAsk (CMA) OVERVIEW

The cloud mask (CMA), developed within the NWC Saéntext, aims to support nowcasting
applications, and additionally the remote-sensihgantinental and oceanic surfaces. The CMA
allows identifying cloud free areas where otherdoicis (total or layer precipitable water, instaili
indices, land or sea surface temperatures, snowbeer delineation) may be computed. It also
allows identifying cloudy areas where other produ@oud types, cloud top temperature/height,
cloud microphysic, precipitation) may be derived.

The central aim of the CMA is therefore to delimeall cloud-free pixels in a satellite scene with a
high confidence. In addition, the product provid#srmation on the presence of snow/sea ice, dust
clouds, volcanic plumes.

CMA cloud detection is performed by a multi-spekcttaeshold method: the image is compared
with thresholds which delimit brightness temperasreflectance of cloud free pixels from those of
pixels containing clouds or snow/sea ice. The aaltipoint is the thresholds tuning which are
computed from Look-Up Table and (optionally) fronT ROV applied on-line to NWP vertical
profiles. This process is complemented by an arsabfsthe temporal variation (on a short period of
time (around 15 minutes)) of some spectral commnabf channels (to detect rapidly moving
clouds), a specific treatment combining tempordlecency analysis and region growing technique
(to improve the detection of low clouds) and a temap analysis of visible channels at high
horizontal resolution (HRV for MSG) to detect sulgb low clouds.

2.2 CLouD MASK (CMA) ALGORITHM DESCRIPTION

2.2.1 Theoretical description

2.2.1.1 Physics of the problem

Brightness temperatures and reflectances of a dleedarea depend on its type, on the atmospheric
conditions, on the sun and satellite respectivatipas. Moreover, they remain rather constant in
time (at least on short periods of time). They ar@re or less modified by clouds, aerosols or
snow/sea ice. Indeed, cloudy pixels can be oftemtitled, because they appear colder (at 10.8
micron) and/or brighter (at 0.6 or 0.8 micron) theloud free areas. A fine analysis of their
respective spectral behaviour is nevertheless wetdeerform full cloud detection. For example,
low clouds identification at nighttime relies orethlow emissivities at 3.8 micron, whereas thin
cirrus clouds can be identified, due to their ddéf@ emissivities at 10.8 micron and 12.0 micron.
Cloud free areas covered by snow or ice are idedtdt daytime with their very low reflectivity at
1.6 or 3.8 micron and high reflectivity at 0.6 noior whereas oceanic cloud free areas affected by
sun glint are identified with their very high reftevity at 3.8 micron...

The CMA identifies pixels that are contaminated diyher clouds, dust, volcanic ash clouds,
snow/sea ice. The problem to be solved is to auioally predict, with sufficient accuracy,
brightness temperatures and reflectance of cloed &reas, so that any discrepancy between the
measured and predicted values can be used to detgaminated pixels. An additional process is to
analyse the variation in time of channel featunesrder to identify moving clouds.
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2.2.1.2 Mathematical Description of the algorithm

2.2.1.2.1 Algorithm outline

The algorithm has been designed to be applicabi@magers on board meteorological geostationary
satellites. The imagers may have different sehahaels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3kmadir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
of all IR channels and some solar channels, wiklesen as the default horizontal resolution. Solar
channels may be available at higher horizontalloéism (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tli@uttehorizontal resolution (high resolution chalsne
being averaged at this resolution), the high rdégmiichannels being additionally used at theirveati
resolution to detect sub-pixels clouds inside @ default horizontal resolution. We use generic
labels in this document (for example, Tjg8 T8.74um, T10.&m, T12.um, RO.um, RO.&m and
R1.6um), the exact central wavelengths of the correspgndhannels depending on the satellite.
The list of available labels depends on the sé&gelihe list of mandatory channels is listed in2.2

A first process allows the identification of clouds snow/ice. It consists in the following steps
which are applied to all pixels at default horizdnesolution:

* a first set of multispectral tests with threshotmsmputed from Look-Up Tables (LUT)
(detailed in 2.2.1.2.2) allows detecting most @ flixels containing cloud or snow,

» (optional step) a second limited set of multispactests with thresholds computed from
RTTOV applied on-line to NWP vertical profiles (déed in 2.2.1.2.3) allows by a more
accurate threshold computation a detection of lawtlon high clouds that remained
undetected when using LUTs

* an analysis of the temporal variation (on a shertqa of time around 15 minutes) of some
spectral combination of channels allows detectagidly moving clouds (see 2.2.1.2.4),

» a specific treatment combining temporal coherenwlysis and region growing technique
allows the improvement of low clouds detectionwilight conditions (see 2.2.1.2.5),

* (optional step) an analysis of solar channels gh hEpatial resolution (HRV for MSG)
allows detecting sub-pixel clouds inside pixel etadilt horizontal resolution (see 2.2.1.2.6),

» a spatial filtering is finally applied to cold asgecloud edges (over ocean), isolated cloud
pixel (land) and snow-area edges (see 2.2.1.2.7)

Additional processes (detailed in 2.2.1.2.8 andl2229) allowing the identification of dust clouals
volcanic ash clouds, are applied to all pixels (eafready classified as cloud-free or contaminated
by clouds). The result is stored in separate f{dgst cloud or volcanic ash cloud flags).

2.2.1.2.2 Description of cloud detection tests using Look-Tible

The first series of tests allows the identificatminpixels contaminated by clouds or snowl/ice; this
process is stopped if one test is really succeéstu] if the threshold is not too close to theasweed
value). The characteristics of this set of testssammed up below:
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* The tests, applied to land or sea pixels, depenth@rsolar illumination and on the viewing
angles (daytime, night-time, twilight, sunglint, dsfined in Table 3) and are presented in
Table 4 and Table 5.

e Most thresholds are determined from satellite-ddpah look-up tables (available in
coefficients’ files) using as input the viewing geetry (sun and satellite viewing angles),
NWP forecast fields (surface temperature and tati@lospheric water vapour content) and
ancillary data (elevation and climatological dafBe thresholds are computed at a spatial
resolution (called “segment size”) defined by theeruas a number of pixels at default
horizontal resolution. Some thresholds are empigoastant or satellite-dependent values
(available in coefficients’ files).

* The quality of the cloud detection process is aesks

This first series of tests allows to determinedtwaid cover category of each pixel (cloud-freeudo
contaminated, cloud filled, snow/ice contaminateduadefined/non processed) and compute a
quality flag on the processing itself. Moreoveg tbsts that have allowed the cloud detection (more
that one test are possible, if some tests wereeadlyy successful) are stored.

Nighttime Twilight

-3<Solar elevation<10

Daytime
10 <aBelevation

Sunglint
Cox & Munck > 10%

Solar elevation > 15

Solar elevation < -3

Table 3: Definition of illumination conditions

Cox & Munck stands for the reflectance computedgi§iox & Munck theory (see Cox and Munck, 1954) ;
the solar elevation is expressed in degrees.

Daytime Twilight Nighttime
Snow detection Snow detection T10.8m -T3.8um

RO.6um RO.um T10.&m

T10.8um T10.&m T10.8m -T12.Qum
T10.84m-T12.Qum T10.m-T12.Qum T8.4um-T10.8um
T8.7um-T10.8m T10.8m-T3.8um T3.8m-T10.8m
T10.8um-T3.8um T8.um-T10.1m Local Spatial Texture
T3.8um-T10.&m T3.8um-T10.8m T8. um-T3.8um

Local Spatial Texture Local Spatial Texture
T8.7um-T3.8um
Table 4: Test sequence over land

Daytime Sunglint Twilight Nighttime

Ice detection

Ice detection

Ice detection

T10.84m-T3.8um
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R0.8um (RO.6um) SST R0.8um (RO.6um) SST
SST T10.81m-T12.Qum T10.im-T3.8um T8.7um-T10.8im
R1.6um T8.7um-T10.8im SST T10.81m-T12.Qum
T10.84m-T12.Qum Local Spatial Texture R1.6um T12.um-T3.8um
T8.7um-T10.8im RO.§im (RO.Gim) T8.7um-T10.8im T3.81m-T10.im
T10.81m-T3.8um T10.81m-T3.81m T10.m-T12.Qum | Local Spatial Texture
T3.8um-T10.8im Low Clouds in Sunglint ~ T12.um-T3.8um
Local Spatial Texture T3.8um-T10.8m
Local Spatial Texture

Table 5: Test sequence over sea

[T3.8um, T8.7um, T10.8im and T12.Qm are labels that stand for brightness temperatatrasound 3.8, 8.7, 10.8
and 12.0 micrometer; RQué, RO.&im and R1.@m stand for VIS/NIR bi-directional top of atmospéeeflectances
at around 0.6, 0.8 and 1.6 micrometer normalisedsdédar illumination ; SST is the split-window (aséor SST
calculation) computed from T1Qué and T12.0m measurements. Low Clouds in Sunglint is a speoifodule for
low clouds identification in sunglint areas. It mime noted that labels (T3, T8.4um, T10.&m, T12.um,
R0O.6um, RO.&m and R1.@m) are generic, the exact central wavelength ottireesponding channel depending on
the satellite]

2.2.1.2.2.1 Teston SST

The test is the following :

Over sea, a pixel is classified as cloud contaraohét:
e SST(T10.8m, T12.Qum) < SSTthreshold and
e sstclim>270.15 K
where (for MSG1/SEVIRI)
SST(T10.8m, T12.um)=0.977*(T10.8-273.15)
+ (0.075%(sstclim-273.15)+1.127*(sE)*(T10.8-T12.0)
+1.156 +273.15 (in K)
sec is the secant of the satetiteith angle,
sstclim is the climatological SST (in K)

This test allows detecting most of the clouds dberocean for any solar illumination. This test is
not applied if the climatological SST is too lowhieh indicates that the ocean could be frozen.

A split window algorithm, using T108n and T12.Am brightness temperatures to compute Sea
Surface Temperature, is applied to all pixels dkierocean. A pixel is then classified as cloudysif
split window value is lower that the estimated Se&aface Temperature.

The threshold is computed from a monthly climataagminimum SST by substracting an offset
(linear function of the secant of the satelliteiteangle ranging from 1.5K (for satellite zenithgie
lower than 60 degrees) up to 2.5K (satellite zeaitbles larger than 78.5), an additional 0.5K being
added in coastal areas). This offset is needed¢ount for the imperfections of the climatology,
especially in areas with persistent cloudiness, iarateas where the oceanic SST varies rapidly in
space and time.

If T12.0um is missing, the test is replaced by T10r8< sstclim- 9K.
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2.2.1.2.2.2 Teston T10.,8m

The test is the following :

A pixel is classified as cloud contaminated if :
e T10.8um < T10.8threshold.

This test is applied over land and sea (only if¢hmatological SST is lower than 270.15 K which
indicates that the ocean may be frozen). It alltines detection of the clouds having a 108
brightness temperature lower than the surface tmegis temperature.

The T10.§um threshold is computed from surface temperatuogechst by NWP model, by
accounting for atmospheric absorption and smalleskbaight effects (over land only) as described
below [the different physical meaning of brightnéesnperature and NWP surface temperature
(dependent on the NWP model) is not accounted for]

» The surface temperature for a given slot is thésrpolated from the two nearest NWP fields
(spatially interpolated at the segment’s spatiabhation) according to rules related to the
relative position of the scene and the two NWP sima diurnal cycle assumed to be driven
by sun rise and sun set local times.

» The atmospheric absorption is accounted for throagtoffset computed as a function of
satellite zenith angle, integrated atmospheric wad@our content and solar zenith angle.
Two tables (for night-time and daytime conditioigve been pre-computed by applying
RTTOV to radio-soundings from a data set providgcE€MWF (F.Chevalier, 1999). The
satellite zenith angle and the water vapour conéeéatused to interpolate in these tables,
whereas the solar zenith angle is used to intet@datween the night-time and the daytime
values.

* A dry adiabatic law is used to account for the hedjfference between the elevation of the
NWP grid and of the pixel; this simple process,yoapplied over land, allows roughly
simulating small scale height effects in mountasmgions.

T10.8threshold (in K) over Land

5L . e
0 2 4 6 8
Water Vapor Content in g/cm2

Figure 1: lllustration of the offset accounting fatmospheric absorption over vegetated surface for
a satellite zenith angle of 48 degrees. Blue andcgves correspond to nighttime and daytime
conditions
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An offset of -3K is added in nighttime conditiongeo Africa to limit the confusion of cloud free
areas with clouds.

A pixel is diagnosed favourable to extreme coolawgr land in nighttime and twilight conditions
when:

e altitude < 1500m and (FSKT < 263K or FSKT < 268KIaBNOC > 5 pixels (out of 16))
Where FSKT is the forecasted skin temperature a4@Gis the snow occurrence in any pixel of the sagnbox
surrounding the considered pixel (counted during ahthe four previous or the current day for argytime
duration). A box size of 16 pixels has been usednagrototyping.

When these conditions are met, T10.8threshold dified as follows:
e |f T108threshold > = 255K
0 T108threshold=T108threshold — 5.0K
e If T108threshold <255K
0 T108threshold=T108threshold — 5.0K -0.4*(255K-T 108tshold)

2.2.1.2.2.3 Teston T10,8m-T12.m

The test is the following:

A pixel is classified as cloud contaminated if :
e T10.8um -T12.Qum > T10.8T12.0threshold and
e (over land only) T108m < 303.15K

This test, which can be applied over all surfaceany solar illumination, allows the detection of
thin cirrus clouds and cloud edges characterisea lhygher T10.8m-T12.Qum than cloud-free
surfaces.

The difficulty is to estimate the cloud free sudacr10.8m-T12.Qum difference which depends on
the difference of atmospheric absorption (mainlg tlu water vapour) and surface emissivity in the
two infrared wavelengths. This test will be useldsthe estimated clear-sky T1@&-T12.Qum
difference is too high, which may be the case atiohe. The rough check applied over land to
T10.8um allows minimizing the confusion of very warm ntaseas with clouds.

Over sea, two look-up tables (for cold and warnsséave been elaborated by applying RTTOV to
radio-soundings from an ECMWF dataset (F.Chevali®g9), using Masuda emissivities (Masuda
et al., 1988). The threshold is interpolated im®ese two tables using satellite zenith angle artdwa
vapour content, and between these tables usingithatological SST.

Over land, two look-up tables (for night-time andytime conditions) have been calculated by

applying RTTOV to radio-soundings from an ECMWFadat, using a constant emissivity of 0.98 in

both channels (Salisbury et al., 1992). The thresk® interpolated into these two tables using

satellite zenith angle and water vapour conterd, lzatween these two tables using the solar zenith
angle.
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T10.8T12.0threshold (in K) over ocean
T10.8T12.0threshold (in K) over lond

oL . v oL v
0 2 4 6 8 0 2 4 6 8
Water Vapor Content in g/ecm2 Water Vapor Content in g/cm2

Figure 2: lllustration of T10.8T12.0threshold forsatellite zenith angle of 48 degrees. Over Ocean,
blue and red curve correspond to cold and warm s@asgr Land, blue and red curves correspond
to nighttime and daytime conditions

An offset of 1K has been added over Africa to lithi2 confusion of very moist cloud free areas with
clouds.

2.2.1.2.2.4 Teston T8.4m-T10.8m

The test is the following:

A pixel is classified as cloud contaminated if :
e T8.7um -T10.8im > T8.7T10.8threshold.

This test aims to detect thin cirrus clouds ovesaifaces in any solar illumination.

It is based on the fact that high semi-transpackntds are characterised by relatively high @7
T10.8um difference as compared to surface values. Thiecultly is to estimate the cloud free
surfaces T8 dm-T10.8&um difference which depends on the difference ofoswheric absorption
(mainly due to water vapour) and surface emissivithe two infrared wavelengths.

Over sea, one look-up table has been elaborateapplying RTTOV to radio-soundings from an
ECMWF dataset (F.Chevalier, 1999), using Masudasgmities (Masuda et al., 1988). The
threshold is interpolated into this table usingBié zenith angle and water vapour content.

Over land, two look-up tables (in daytime and niighe¢ conditions) have been established by
applying RTTOV to radio-soundings from an ECMWF atzt. Only one set of emissivities
(Salisbury et al., 1992) has been used, correspgridi vegetated areas (0.98 in both channel). The
threshold is interpolated into these two tablesgisiatellite zenith angle and water vapour content,
and between these two tables using the solar zangle.
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T8.7T10.8threshold (in K) over Land

T8.7T710.8threshold (in K) over Ocean

-4 -4
0 2 4 6 8 0 2 4 6 8
Water Vapor Content in g/cm2 Water Vapor Content in g/cm2

Figure 3: Illustration of T8.7T10.8threshold forsatellite zenith angle of 48 degrees. Over Land,
blue and red curve correspond to night and daytmeditions.

A pixel is diagnosed favourable to extreme coolawgr land in nighttime and twilight conditions
when:

e altitude < 1500m and (FSKT < 263K or FSKT < 268KIaBNOC > 5)
Where FSKT is the forecasted skin temperature a4@Gis the snow occurrence in any pixel of the sagnbox
surrounding the considered pixel (counted during ahthe four previous or the current day for argytime
duration). A box size of 16 pixels has been usednagrototyping.

When these conditions are met T8.7T10.8threshattbdified as follows:
e if T108threshold <250K T8.7T10.8threshold =7810.8threshold + 0.4K

2.2.1.2.2.5 Test on T3.8m-T10.&m in night-time conditions

The test is the following:

A pixel is classified as cloud contaminated if :

e T3.8um-T10.8am > T3.8T10.8threshold_night and
e T3.8um > 240 K and

e T3.8um < Min(320 K,FSKT+10K)

A pixel is diagnosed favourable to extreme coobrgr land in nighttime condition when:

e altitude < 1500m and (FSKT < 263K or FSKT < 268KIaBNOC > 5)
Where FSKT is the forecasted skin temperature @ Sis the snow occurrence in any pixel of the sagnibox
surrounding the considered pixel (counted during aehthe four previous or the current day for argytime
duration). A box size of 16 pixels has been usednytrototyping.

When these conditions are met T3.8T10.8threshodght s modified as follows:
» If 250K <= T108threshold <= 255K
0 T3.8T10.8threshold = MAX(T3.8T10.8threshold, -0BK08threshold +129.0)
* If T108threshold <250K
0 T3.8T10.8threshold = -0.15x T108threshold +41.5
Where T108threshold is the primary threshold on.8H3 computed for the considered vegetated surface

This test allows the detection of high semi-tramgpaclouds only in night-time conditions.

It is based on the fact that the contribution o tlelatively warm grounds to the brightness
temperature is higher at 3u® than at 104m, due to a lower ice cloud transmittance (Hun?%3)9
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and to the high non-linearity of the Planck funotet 3.8um. This test is usable only at night-time,
when solar irradiance does not act upon theuri.&hannel radiance. The cloud free surfaces
T10.8um-T3.8um difference (depending on the difference of atrhesig absorption (mainly due to
water vapour) and surface emissivity in the twoardd wavelengths) has to be accurately estimated
to allow this test to detect most semi-transpam@otids. An additional difficulty is the high
radiometric noise (enhanced for low temperaturea) affects the 38n channel: this is the reason
why the use of this test is limited to pixels warrtigan 240K. The non linearity effect makes this
test much more efficient than the T10n8T12.Qum test to detect high semi-transparent clouds over
rather warm grounds at night-time. The testing &8lm is to limit the confusion of fires
(characterized by high T3ué value as compared to T10r8) with clouds.

Two look-up tables (for cold and warm seas) and foak-up tables (for cold and warm vegetated
or arid surfaces) have been elaborated by applRhgOV to radio-soundings from an ECMWF
dataset (F.Chevalier, 1999), using Masuda emigssv{Masuda et al., 1988) for oceanic conditions
and using a constant emissivity of 0.98 in bothncleds (Salisbury et al., 1992) for vegetation (an
offset of 1 Kelvin is added to simulate arid comatis). The threshold is interpolated into these
tables using satellite zenith angle and water vagouatent, together with the climatological SST
(sea) or forecast surface temperature and climgit@bvisible reflectance (land).

T3.8T710.8threshold_night (in K) over Ocean
T3.8T10.8threshold_night (in K) over land

0 2 4 6 8 0 2 4 6 8
Water Vapor Content in g/cm2 Water Vapor Content in g/cm2

Figure 4: lllustration of T3.8T10.8threshold_nidt a satellite zenith angle of 48 degrees. Blue
and red curve correspond to cold and warm vegetatethces.

2.2.1.2.2.6 Teston T10,8n-T3.&m

The test is the following:

A pixel is classified as cloud contaminated if :

e T10.8um - T3.8&um > T10.8T3.8threshold and

e T3.8um > 240 K and

e (over land only ) T8.ffm — T10.8im > (-4.5-1.5*%(1./coHsa)-1)) (in K)
wherebg,is the satellite zenith angle

This test allows the detection of low water cloadsiight-time, but also low clouds shadowed by
higher clouds.
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It is based on the fact that the water cloud ewitysis lower at 3.8m than at 10,8m (Hunt, 1973),
which is not the case for cloud free surfaces (pixsandy desertic areas). A basic assumption is tha
the 3.&m channel is not affected by the solar irradiawglich is the case at night-time and in
shadows. The cloud free surfaces Tu@n8T3.8um difference (depending on the difference of
atmospheric absorption (mainly due to water vapangy surface emissivity in the two infrared
wavelengths) has to be accurately estimated tovalhis test to detect most low water clouds. An
additional difficulty is the high radiometric noigenhanced for low temperatures) that affects the
3.8um channel: this is the reason why the use of #ssit limited to pixels warmer than 240K. The
rough check applied to T&m-T10.81m allows minimizing the confusion of sandy aridasavith

low clouds.

Over sea, one look-up table has been elaborateapplying RTTOV to radio-soundings from an
ECMWEF dataset (F.Chevalier, 1999), using Masudasimiies (Masuda et al., 1988). The satellite
zenith angle and the water vapour content are wasederpolate in this table.

Over land, two look-up tables (for vegetated and aurfaces) have been established by applying
RTTOV to radio-soundings from an ECMWF dataset.eA &f emissivities (Salisbury et al., 1992
and 1994) corresponding to vegetated areas (0.98oth channels) has been used, the table
corresponding to arid areas being obtained fromotie for vegetated areas by adding an offset of
4K. The threshold is interpolated into these twadsa using satellite zenith angle and water vapour
content, and between these two tables using thetdiogical visible reflectance.

T10.8T3.8threshold (in K) over Ocean
T10.8T73.8threshold (in K) over Land

0 2 4 6 8 0 2 4 6 8
Water Vapor Content in g/cm2 Water Vapor Content in g/cm2

Figure 5: Illustration of T10.8T3.8threshold forsatellite zenith angle of 48 degrees. Over Land,
green and brown curves correspond to vegetatiahdesert.

To increase the T1Qu8n-T3.8um test efficiency over Europe, two correction facta@mpirically
developed from measurements to better accoungtetlite zenith angle effect and g@bsorption,

are added to the threshold computed from RTTOV kitians only over European regions (defined
by their latitude between 36 and 90 degrees nartt,their longitude between 30 degrees west and
60 degrees east):

-The correction factor to account for satelldenith angle effect is tabulated below (for
MSG/SEVIRI) as a function of satellite secant 1(6gg):

1/c0S0sy) 1 | 15 ] 20] 30| 38] 423 8




Algorithm Theoretical Basis Documerjt Code: NWC/CDOP2/GEO/MFL/SCI/ATBD/Cloud
@ for the Cloud Product Processors of théssue: 1.1 Date: 15 October 2016
PEIRo NWC/GEO File: NWC-CDOP2-GEO-MFL-SCI-ATBD-Cloud_v1.1
MWCSAE Page: 22/118

T10.8T3.8threshold correction factor (inK) 0.p 00| -0.6 [ -1.1| -1.1 0.5 0.5

-The correction factor to better account for GDsorption is tabulated below (for MSG/SEVIRI) as
a function of (T10.Am-T13.4um) brightness temperatures difference:

T10.84m-T13.4um (in Kelvin) 0.0 11 13.0f 15.00 17.0 20.p
T10.8T3.8threshold correction factor (in K -15 15| -1.0| -05 0.0 0.0

N~

Finally, an offset of 1K has been added to thestmo&l over Africa to decrease the confusion of arid
areas with low clouds.

2.2.1.2.2.7 Teston T12,0m-T3.§&m over ocean

The test is the following:

A pixel is classified as cloud contaminated if :
e T12.Qum - T3.8um > T12.0T3.8threshold and
e T3.8um>240K

This test intends to detect low water clouds okerdcean in night-time conditions.
This test is very similar to the one applied to T1®.8§um - T3.8um (see 2.2.1.2.2.6), but is usually

more efficient over ocean due to a higher contbestveen cloud free and low clouds THh&
T3.8um values. An example of the threshold used is disa in Figure 6

T12.0T3.8threshold (in K) over Ocean

_0 \

0 2 4 6 8
Water Vapor Content in g/cm2

Figure 6: Illustration of T12.0T3.8threshold ovéetOcean for a satellite zenith angle of 48
degrees.

2.2.1.2.2.8 Test on T8.4m-T3.&m over desert

The test is the following:

A pixel is classified as cloud contaminated if :

e T8.7um - T3.8um > T8.7T3.8threshold and

e T10.8um - T3.8um > T10.8T3.8veget threshold and

e T3.8um>240K

where T10.8T3.8veget_threshold is computed asgwdgetated surface
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This test allows the detection over the desertowf Water clouds at night-time. It is only applied
over Africa.

Low clouds are usually detected at night-time tlsarik their T10.8m-T3.8um brightness
temperatures differences as explained in 2.2.82This is practically never the case over desert
because there is no contrast in this feature betlese clouds and desert.

The T8.um-T3.8um test is based on the fact that desertic areas loavemissivities at 318n and
8.7um, whereas low water clouds have low emissivitie3.8um, but not at 8 im. A consequence
is that low clouds are characterized by higher i&7T3.8um differences as compared to values
over desert. This test is limited to pixels warrttean 240K to insure that the pu® channel is not
too much affected by radiometric noise (enhancedbfe temperatures) and to pixels having not too
low T10.§um-T3.8um brightness temperature differences to limit ceitfia of savannah with low
clouds.

One look-up table has been established by appRIfAigOV to radio-soundings from an ECMWF
dataset. A set of emissivities (0.98 in both ch#s)rteas been used. The threshold is interpolated in
this tables using satellite zenith angle and we@our content.
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Figure 7: Illustration of T8.7T3.8 threshold ovesgkrtic area for a satellite zenith angle of 48
degrees.

2.2.1.2.2.9 Test on T10,8m-T8.7um over land

The test is the following :

A pixel is classified as cloud contaminated if :

e T10.8um—T8.7um > T10.8T8.7threshold and
« Climatological albedo < 20 % and
e 1/c0sPsy) > 1.5

wherebg, is the satellite zenith angle

This test intends to detect low clouds over vegeltaireas at high satellite zenith angle at nighéti
or at low solar elevation. It is only applied oropean areas (defined by their latitude betwéen 3
and 90 degrees north, and their longitude betw@eattegrees west and 60 degrees east).
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Usually, low clouds are characterized at night-tirog high T10.8m-T3.8um brightness
temperatures differences, which allow their idecdiion over land (see 2.2.1.2.2.6). This detection
may be less efficient at large viewing angles asictlfree T10.8m-T3.8um values may become
rather high. To increase low clouds detection efficy in night-time conditions at high satellite
zenith angle, an empirical test has been developased on the observation that the decrease of
T8.7um-T10.&m with satellite zenith angle is much stronger lfmw clouds than for vegetated
areas. This empirical test is also very usefulaseclow solar elevation to detect low clouds (agda
viewing angles only).

The T10.8T8.7threshold has been empirically derifredn measurements as a function of the
satellite secant: T10.8T8.7threshold (in K) =3.B3*¥(L/c0os@sa)) (for MSG1/SEVIRI).

2.2.1.2.2.10Test on RO,6m, RO.@m or R1.61um

These tests are the following :

Over land and over sea (only if RQr8 unavailable), a pixel is classified as cloud eamnhated if :
¢ RO0.6um > RO0.6threshold

Over sea, a pixel is classified as cloud contaraihiét:

¢ RO0.83um > R0.8threshold

Over sea, a pixel is classified as cloud contarathét:

¢ R1.6um > R1.6threshold

These tests, applied to the visible (7§ or near-infrared (O8n and 1.em) TOA reflectances,
aim to detect at daytime clouds having a refleadngher than the underlying surfaces.

The visible or near-infrared reflectance measunest the cloud-free oceans mainly corresponds to
Rayleigh and aerosol scattering (weaker in the-im#aared band) and to the solar reflection over th
ocean, which is very low apart from sunglint coithis, and in turbid areas (for the visible channel
only). Therefore near-infrared bands (8 and 1.@m) are used over the ocean, the visible band
(0.6um) being used only in case (18 is not available.

As the cloud-free land reflectance is usually mbaher in the near-infrared wavelengths than in
the visible (due to the vegetation spectral radeatbehaviour at these wavelengths), the test is
therefore only applied to the visible channel.

The threshold is computed from the simulation & slurface (ocean or land) TOA reflectance by
adding an offset:

» The TOA reflectance is simulated as: TOA Reflectans (a0 + al*surface/(1-
a2*max(surface,200%))) + offset + corrective_factanere :

0 ao0, al and a2 are coefficients computed from #atelhd solar angles, water vapour
and ozone content using look-up tables. These lgokables have been pre-
computed for a great variety of angles and wat@oua and ozone content using a
very fast model based on 6S (Tanre et al., 19%Ihgua maritime or continental
aerosol of 30km or 70km horizontal visibility foga and land respectively.

o surface is the land or ocean surface reflectanbe. @cean surface reflectance is
given by the maximum reflectance computed by th& &dvunck model (Cox &
Munck, 1954), for the satellite and solar angled fam wind speed between 0 and 20
m/s: this approach overestimates the reflectanceunglint conditions. The Land
surface reflectance is computed from a monthly atotogical visible reflectance
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NWC SAF

atlas, bi-directional effects being simulated gsa model developed by Roujean
(Roujean et al., 1992) with 2 sets of coefficieetspirically derived [(kO=1.4,
k1=0.15*k0, k2=1.0*k0) for low reflectance and (K03, k1=0.05*k0, k2=0.5*k0)
for highly reflective areas].

» Offsets (7% over sea (9% for RQr@), 8% over land) are added; an additional off3&t)(is
added over sea in coastal areas to account foib@ssisregistration.

» The following corrective factor is added over lawndallow high reflectance in the forward
scattering direction: corrective_factor (in %) ® 429*( cos(scattering angle)-0.68Where
scattering_angle is the scattering angle 1fGrpm backward to forward direction).

80 sun zenith 0.0 80 sun zenith 15.0 80 sun zenith 30,0 80 . sun zenith 450

a0~ sun zenith 80.0

Figure 8: Polar representation of R0O.8threshold o@eean for eight sun zenith angles.

The polar angle corresponds to the satellite atinamigle (sun azimuth is taken equal to 0); theusadépresents the satellite
zenith angle; iso-reflectance curves are displagedifferent colours according to their reflectancdue (blue if lower than
10%, purple if lower than 40%, red if higher tha&t4)
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Figure 9: Polar representation of R0O.6threshold ioliand (surface reflectance of 10%) for eight
sun zenith angles.

The polar angle corresponds to the satellite atinamgle (sun azimuth is taken equal to 0); theusadépresents the satellite
zenith angle; iso-reflectance curves are displagedifferent colours according to their reflectancdue (blue if lower than
25%, purple if lower than 45%, red if higher th&?4)

2.2.1.2.2.11Low Cloud Test in Sunglint

The following test is applied if the sun elevatisrhigher than 15 degrees:

A pixel is classified as cloud contaminated if :
e T3.8um < 320 K (to make sure 3uB is not saturated) and
* RO.6um > 60% and
e (T3.8um-T10.81m)/cosPs,) > 0 K and
* RO.6um > (1./0.15)*(T3.8m-T10.81m)/cosPs,) (Ose IS the solar zenith angle)

This test aims to detect low clouds in sunglintdibans.

Low clouds can easily be detected at daytime dverocean by their high visible or near-infrared
reflectances. This is not possible in case of snfydlecause the sea reflectance at these wavbtengt
may then be higher than that of clouds. The udmtf 0.um and 3.8m channels allows detecting
low clouds even in areas affected by sunglint. énjeoceanic areas with high Q6 reflectances
have also very high 3.8n reflectances, which is usually not the case dov tlouds. The solar
contribution in the 38m channel in case of sunglint is approximated by3.§Im-
T10.8um)/cosPso). The rapid saturation of the Bud radiance limits the use of this test in case of
strong sunglint.

2.2.1.2.2.12Test on T3.8m-T10.&m in daytime or twilight conditions

The following test is applied in daytime or twiligtonditions (except in sunglint areas):
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A pixel is classified as cloud contaminated if :

e T3.8um-T10.8um > T3.8T10.8threshold_day and

e T3.8um > 240 K and

e (over Africa only) T8.am — T10.8im > (-4.5-1.5%(1./codsy)-1)) (in K)
wherebg,is the satellite zenith angle and FSKT is the faséskin surface temperature

This test allows the detection of low clouds at-tlene (except sunglint areas over the ocean) and
twilight conditions.

It is based on the fact that solar reflection &uf may be high for clouds (especially low clouds),
which is not the case for cloud free areas (exsepglint). The rough check applied to Tj87-
T10.8um allows minimizing the confusion of sandy aridaevith low clouds.

The threshold T3.8T10.8threshold_day is computednfiT3.8T10.8threshold_night (see section
2.2.1.2.2.5) by adding the solar contribution:

Over ocean: T3.8T10.8threshold_day (in K)=T3.8.8threshold_night
+ 0.7*Cox_munck*c@sg) +7

Over land: T3.8T10.8threshold_day (in K)= TBL8.8threshold_night
+ 0.4*Clim_alb*cd&(,) +2.0 + corrective_factor

T3.8T10.8threshold_night is computed as explainedsection 2.2.1.2.2.5, Cox_munck is the
maximum ocean surface reflectance computed using&Kanck theory, Clim_alb is the
continental climatological visible reflectance, remtive_factor, added to account for contributién o
the solar illumination in backward and forward seahg direction, is defined as:

Corrective_factor=36*coB{,)*(cos(scattering angle)-0.41)
Bs01 IS the solar zenith angle and scattering_angt@dsscattering angle ([@,from backward to

forward direction).
2.2.1.2.2.13Snow or Ice detection Test

The following snow and ice detection test is agplfehe sun elevation is larger than 5 degrees:

A pixel is classified as contaminated by snow if :

e (R1.um) < R1.6threshold and

« (RO.6um -R1.@um)/ (RO.Gum +R1.6um) > (0.30+0.15*(cos(scattering anglef)1) and
e (T3.8um-T10.8um)/cosPsol) < 10K and

e (T10.8threshold — 5.0) < T1Qué < 286.15 (in K) and

e T10.8m-T12.Qum < 2K and

« Min(RO.6threshold, (20+45*(cos(scattering anglé§s) )%) < RO.im and

o 20% < RO.&m
-where R1.6thrshold is the threshold displayed Figure 10 T10.8threshold and RO.6threshold are
thresholds used in cloud masking with infrared argible channels8sol is the solar zenith angle, and
scattering angle is the scattering angler{[@-om backward to forward direction).

A pixel is classified as contaminated by ice if :

» Climatological SST < 277.15 K and

e (R1.um) < R1.6threshold and

« RO.6um -R1.@um)/ (RO.Gum +R1.6um) > (0.30+0.15*(cos(scattering anglef)1) and
e (T3.8um-T10.8um)/cosPsol) < 10K and

e (T10.8threshold — 5.0) < T1Qué < 277.15 (in K) and

e T10.8um-T12.Qum < 2K and
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* RO0.6threshold < ROp6n and

o 20% < RO.&m
-where R1.6thrshold is the threshold displayed Figure 10 T10.8threshold and RO.6threshold are
thresholds used in cloud masking with infrared argible channels8sol is the solar zenith angle, and
scattering angle is the scattering anglerf[@-om backward to forward direction).

Ice and snow appear rather cold and bright, and tmenefore be confused with clouds (especially
with low clouds) during the cloud detection procdses and snow must therefore be identified first,
prior to the application of any cloud detectionttdis test aims to detect pixels contaminated by
snow or ice: if this test is satisfied, the pixel dlassified as snow or ice and no further cloud
detection is attempted.

The basis of this test, restricted to daytime comas, is the following:

* Snow & ice are separated from water clouds by toairreflectance at 1.6m or at 3.8um.

* Snow & ice are separated from cloud free oceanicaomtinental surfaces by their higher
RO.6um visible reflectance and slightly colder T10n8 brightness temperature.

 T10.8um-T12.Qum brightness temperature difference helps to discerus from snow &
ice.

* RO.8um is useful to separate shadows from snow & ice.

Surface snow reflectances have been tabulatedaioous viewing geometries and for hexagonal
particle shape (3 different sizes) with the ragmtiransfer model developed by C.Le Roux (see Le
Roux et al, 1996). Top of Atmosphere snow reflecéant 1.m are then computed using these
look-up tables (both 2%0n and 7@m hexagonal particles have been retained) togetlitdr a
module (based on 6S (Tanre et al., 1990)) to sitaulee atmospheric effects. The R1.6threshold
threshold applied to the Ju6 channel is derived from these simulated snovectdhces by adding
an offset (10%).
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Figure 10: Polar representation of R1.6threshol@osnow for eight sun zenith angles.

The polar angle corresponds to the satellite atinamgle (sun azimuth is taken equal to 0); theusadépresents the satellite
zenith angle; iso-reflectance curves are displagedifferent colours according to their reflectancdue (blue if lower than
20%, purple if lower than 30%, red if higher tha0?%®

2.2.1.2.2.14L ocal Spatial Texture Tests

The following tests are applied:

Over Sea, a pixel is classified as cloudy if :

e [SD(T10.8m) > 0.6K and SD(T10i8n-T3.8um) > 0.2K (0.4K at daytime) and T1Qu®& <
MAX(T10.8um) — 2*noise(T10.8m)]

or

* [SD(R0.8&m) > (0.8%+0.03* RO.8threshold) and R@On8 > MIN(RO.§um) + 2./SNR(RO.Bm) at
daytime only ]

T10.8um-T3.8um is not used in too cold areas (due to noise &ffec

Over Land, a pixel is classified as cloudy if :

e [SD(T10.8m) > 1.0K (2.0K at daytime) and SD(T1Qr8-T3.8um) > 1.0K (2.0K at daytime] or

e [DRO.6um > f(DT10.8m) / (DRO.Gum)) at daytime only]

This process is not applied in very mountainousores); moreover T108n-T3.8um is not used in too cold
areas (due to noise effects).

-SD, MIN, MAX, stand for local standard deviationinimum, maximum, computed using the 8 surroungingls,
provided they correspond to the same surface iype gea or land)

-R0.8threshold is the visible threshold (in %)ided previously

-DRO0.6um stands for the maximum difference between thibleigeflectance of a pixel and its eight neightsour
DT10.8um is the corresponding brightness temperaturerdifiee and R= DT10p8n/ DRO.Gum is the ratio.

Noise stands for the instrumental noise in Kelfithe feature at the given brightness temperature

SNR stands for the signal to noise ratio of theuieafor the given visible band

-The f(R) function is tabulated below:
R=(DT10.8um) / (DRO.Gum) -5 -3 0 0.25 0.5 1
Threshold applied to (DRQué) | 2% 2% 5% 10%| 15% 15%

These tests detect small broken clouds, thin ciou€loud edges, by using their high spatial
variations in the visible, near infrared or infrdrehannels. The difficulty comes from the natural
heterogeneity of the surface background: Oceamiasaare rather homogeneous, with the exception
of strong thermal fronts (large T1@ud® variation), turbid coastal areas (large R@nGvariation),
sunglint areas (large R and RO.Am variation) ; Land surfaces are generally much enor
inhomogeneous, especially in mountainous or desergions. The simultaneous analysis of spatial
coherency in two spectral bands allows overconegdifficulty:

* Over Ocean, the combined use of TLBB & T10.8um-T3.8um for all illumination
conditions is efficient for detecting clouds, anias misclassification of thermal front.

e Over land, the combined use of T]8 & T10.8um-T3.8um for all illumination conditions
allows minimising misclassification, except in vempuntainous or in arid areas.

» Continental areas at daytime may present as ladggiR, R0.§im and T10.Am horizontal
differences as clouds do. But, a cloud-free surfae®ing higher ROjm than the
neighbourhood is less vegetated and therefore warwigereas a pixel contaminated by
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clouds and having higher RQu@é than its neighbours should be more cloud contatad
and therefore colder. This property, not observearid areas, is used at daytime over land in
the Local Spatial Texture Test.

2.2.1.2.2.15Quality assessment

A quality flag is appended to the CMA (see 2.2.214allows the identification of cloud-free, clopd
and snowy pixels that may have been misclassified:

* a pixel classified as cloudy is flagged as of “logaality” if no cloud detection test has been
really successful. A threshold test is said reallgcessful if the difference between the
threshold and the measurement is larger than aisecargin depending on the test itself:

Cloud Tests SST T10.8um T10.84m-T12.0um | T10.8um-T3.8um | T3.8um-T10.8um
T12.0um-T3.8um
T8.7um-T3.8um

Security margin for 2K 3K 0.5K 0.5K 0.5K
quality assessment

Cloud Tests RO.6um RO.6um RO.6um Local Spatial
Texture
Security margin for 0.2*threshold 0.2*threshold 0.2*threshold 0.2*threshold

quality assessment

» a pixel classified as cloud free is flagged as lwdd‘ quality” if the difference between the
threshold and the measurement is lower than arrisemargin (see above table) for at least
one cloud detection test.

* a pixel classified as snowl/ice is flagged as ofd‘loality” if the difference between its
observed R1jm and the corresponding threshold of this featueduin the snow/ice
detection test is lower than 0.2*threshold.

Such a quality flag should allow identifying goodatdjty cloud free areas for surface parameters
computation. On the other hand, the identificatddrextended cloudy or cloud free area flagged as
“bad quality” should help in identifying areas whehe algorithm may be not accurate enough [note
that it is understandable that cloud edges or cfoemlareas bordering clouds are flagged as of “bad

quality”].

2.2.1.2.3 Cloud detection test using RTTOV on-line

The use of RTTOV clear-sky simulations, computedioa from NWP information and surface
conditions, has been studied and developed durprgtatyping activity to improve the detection of
some clouds which remained not detected by theiqusvtests (generally at night-time and in
presence of low-contrast clouds, i.e. warm low diusemitransparent clouds or subpixel clouds).
The RTTOV on-line tests have been formulated to efécient in presence of low-contrast
cloudiness while minimizing false cloud detectioi¢hen the clear-sky simulations are used to
threshold observed brightness temperatures, iatiser difficult to design a universal threshold
performing as well as the previous ones (falsenaabeing the matter). We have decided to use
them only as a complement to the previous schemeaageting the test for a very specific use (low
clouds at night over sea, cirrus clouds at niglgr®ea, low clouds over Europe with high viewing
angles, etc). Therefore the RTTOV-based testapéed only to pixels flagged as clear by thet firs
set of tests, so that some false alarms of thequevests can be avoided if not detected by RTTOV
on-line tests. This technique allows new cloud cl&tes but also clear restoration of few false
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alarms among the cloudy pixels with bad qualityicatbrs as when an existing threshold is doubled
by an equivalent RTTOV-based technique it can ksxeel when not confirmed by the last.

But the use of thresholds based on clear-sky stk is not without drawbacks. The RTTOV-
based technique is sensitive to biases betweerations and observations. The biases (slope and
offset) depend on the NWP model used, the numbdrtha way the atmospheric layers are
described, the RTTOV version and its coefficietd.flThey may fluctuate substantially in time. Two
options are available to get these biases:

» Biases obtained from NWC/GEO specific interfaceThe biases (slope and offset) will be
read through a specific NWC/GEO interface. Thedsaare provided by NWCSAF as ascii
file only for one model (the ECMWF model) and th€TROV release used. Users may use
this interface either if they use ECMWF model othiéy provide their own bias in the same
ascii file format.

* Biases monitored by NWC/GEO Cma:Moreover, some biases could fluctuate sometimes
substantially (that is the case of channel IROS®). it is possible to monitor the biases in
line through the CMa-PGEOl. This option is desdibebelow. The flag
RTTOV_USE_COMPUTED_BIAS, when it is TRUE, allows tonitor biases in line.
Biases between simulations and observations (Tobsim) are calculated for clear pixels
flagged “QUALITY_GOOD”, over sea, in night conditie for each slot. Mean and standard
deviation are calculated only if there are morath@ 000 clear pixels on night over sea and
where the satellite zenith angle is lower than 7Den a daily file is written on the
SAFNWC/tmp directory. The Cloud Mask generator se2diaily files (from the 7 previous
days) to compute the biases of each channel usdITToOV simulations. In this case, slope
is set to 1 and offset is equal to the bias. Iffiles are not available, the Generator will read
biases through the NWC/GEO specific interface Vdikble), or will not use the RTTOV-
based technique.

Moreover we can also note that over land, thestiolels tuning is also dependent on the emissivity
atlas used to compute the clear-sky simulationss&lemissivity atlases come with RTTOV release,
one must care that RTTOV version that will be innpémted in NWCSAF/GEO keeps the same atlas
version as the one used in the prototype.

2.2.1.2.3.1 Direct thresholding of T3.8 over sea

This test is the main impact of RTTOV-based thré&shaethod. It is efficient to improve the
detection of low clouds over sea. The surface teatpee used in the RTTOV simulation comes
from last available OSTIA analysis (generally oé threvious day). To minimize false alarms it is
necessary to make the threshold looser where ftifi@csutemperature analysis is more uncertain or
more variable with time. Therefore an offset depegan T3.8 simulations, accounts also for local
error of the OSTIA analysis and the standard dmnadf the monthly climatology of SST, and the
distance to coast (TBC, as some false alarms hese kecently observed on a thin band of pixels
stuck to the Italian coast in the Adriatic Sea).rdtaver the test is not applied where terrain tye i
inland water because numerous false alarms arevelasien such places.

Thr=Tgu- e*Ts*[(T sk Tostia) + lOcal_ostia_error(x,y)*ostia_margin_factor_sea

+maxstdev_climostia*clim_margin_factorhargin_offset - Biagy
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On 3 March 2013 air masses sweep from North-EaSbtdh-West across the Cape Verde islands
area. They contain thin layers of marine Sc andl&tked inside the moist low atmospheric layers

capped with dry air above. When observing suchddoat an early stage of their formation during

night-time cooling, their detection is a challerggtask as illustrated in figure below.

| e

Figure 11 Meteosat-10, 3 March 2013 21h00 UTC p)tenhanced T10.8-T3.8 with low clouds
appearing clear gray, sea in intermediate gray &igh clouds dark; (bottom) red pixels correspond
to those flagged as cloud by the prototyped RTT@8&4 test of T3.8, green corresponds to pixels
detected both by prototype and operational SAFN®@, blue are detections by other operational
SAFNWC test, grey pixels are T39 (warm is dark)

2.2.1.2.3.2 Direct thresholding of T10.8 over sea

If tuned to perform an efficient detection of lowwds the RTTOV-based test of T10.8 at night over
sea leads to increase false alarms (more freqbant when thresholding T3.8). When relaxed it
becomes less efficient to detect low clouds (natfésient as test of T3.8) but remains still ugeu
improve the detection of semitransparent clouds ega (these types of clouds are rarely caught by
the thresholding of T3.8).
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The surface temperature used in the RTTOV simulatimmes from last available OSTIA analysis
(generally of the previous day). To minimize faddarms it is necessary to make the threshold looser
where the surface temperature analysis is morertamceAn offset depending on T108 simulations
(surface emissivity and total atmospheric transimigs accounts also for local error of the OSTIA
analysis and the maximum standard deviation ofntlo@thly climatology of SST. The test is not
applied where terrain type is inland water.

Thr=Teu- e*T*[(T sk Tostia) + lOcal_ostia_error(x,y)*ostia_margin_factor_sea
+maxstdev_climostia*clim_margin_factorhargin_offset - Biagy

An effect of this test is illustrated with Meteoddt data on 20 March 2013,15h00 UTC over central
Atlantic.
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Figure 12 Meteosat-10, 20 March 2013 15h00 UTCop)tenhanced T10.8 (top) ; (bottom) red
pixels correspond to those flagged as cloud bypitetotyped RTTOV-based test of T108, green
corresponds to pixels detected both by prototymeaperational SAFNWC, and blue are detections
by other operational SAFNWC test

2.2.1.2.3.3 Direct thresholding of T10.8-T12.0

This test may be useful to improve the detectionse@ifitransparent clouds. It happens that it
complements the direct T10.8 thresholding. Itppleed over land only at night.



) Algorithm Theoretical Basis Documerjt Code: NWC/CDOP2/GEO/MFL/SCI/ATBD/Cloud

= ) for the Cloud Product Processors of thessue: 1.1 Date: 15 October 201§

| _am METEO File: - -GEO-MFL-SCI-ATBD-
oA NWC/GEO ne: NWC-CDOP2-GEO-MFL-SCI-ATBD-Cloud_v1.1
NWC SAF Page: 35/118

2.2.1.2.3.4 Direct thresholding of T8.7-T3.8 at night over bamrsurfaces

The difference T8.7 — T3.8 at night is useful ttedélow clouds over barren grounds. Such surfaces
have low T8.7 — T3.8 signatures whereas the lowdsaxhibit higher values. Therefore the contrast
between the cloud and such a background is higitar(w8.7 — T3.8) than with (T10.8 — T3.8) as
this feature is high for barren surfaces and lavuds.

Figure 13 Meteosat-10, 2 March 03h0O0UTC ; EUMET$AT RGB depicting low cloud spreading
over Namib desert (left), Prototype T8.7-T3.8 dirgcesholding ( right), red pixels correspond to
those flagged as cloud by the prototyped RTTOVebasst of T8.7-T3.8, green corresponds to
pixels detected both by prototype and operatior&FI$WC, and blue are detections by other
operational SAFNWC test, grey pixels are T3.8 (war dark)

As observed when analysing the prototype behavihis,test detects also dust clouds over barren
surfaces. The following case observed on 22 Feprd@t3 with Meteosat-10 data illustrates that
this test performs also detection of dust cloudsr darren surfaces at night. Frontal dust clouds ar
lifted up in areas where strong winds associated twide mature storm are observed. The dust
clouds were also partially detected by the previGlaud Mask algorithm, but the prototype of the
direct thresholding of T8.7 —T3.8 improves patiely the detection of the prefrontal dust cloud
growing on the warm side of the cold front (SoutitsELibya ), and adds also the detection of the a
part of the postfrontal dust cloud present aboeeGheat Sand Sea, which appears much thinner than
the first one. One can also note that clear bastefaces displaying similar colours as dust clouds
are correctly classified as clear by the prototype.
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Figure 14 Meteosat-10, 22 February 2013 00h00 UTErgtotype T8.7-T3.8 direct thresholding
(left), red pixels correspond to those flagged lasid by the prototyped RTTOV-based test of T8.7-
T3.8, green corresponds to pixels detected botprbtotype and operational SAFNWC, and blue
are detections by other operational SAFNWC tesey gpixels are T8.7 (warm is dark);
EUMETSAT dust RGB (right)

2.2.1.2.3.5 Direct thresholding of T10.8 — T8.7 at high satelngles

SAFNWC cloud mask makes use of T10.8 — T8.7 at baghkllite angles to improve the detection of
low clouds (T10.8-T3.8 becomes less efficient whiEmwing angle is high). We have prototyped a
direct thresholding of T10.8 — T8.7 and observadbithaviour. Its impact on a poor detection by
operational SAFNWC cloud mask is illustrated beldve red pixels added by the prototype are
more numerous when viewing angle increases. Only few false alarms appear over Caucasu
mountains between Black Sea and Caspian Sea, abdider between Georgia and Russian
federation. To avoid these false alarms the fiest is not applied over mountains.
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Figure 15 Meteosat-9 3 January 2013 00h00 UTC; R&B (top left); T10.8-T8.7 clear gray pixels
are low clouds (top right);MPEF Cloud mask (bottoleft); Prototype T10.8-T8.7 direct
thresholding (bottom right), red pixels correspotal correction of SAFNWC cloud mask with
prototype, green corresponds to pixels detecteti byt prototype and operational SAFNWC, and
blue are detections by other operational SAFNWAE, tgey pixels are T8.7 (warm is dark)

2.2.1.2.4 Temporal test to detect rapidly moving or develgmitouds

This time-differencing test is applied over the whonage to pixels still classified as cloud-free

after the set of tests using LUT or RTTOV on like2(1.2.2 and 2.2.1.2.3). It is designed to catch
high thin clouds moving rapidly and appearing coltlean their underlying surface that are not
detected by spectral or textural tests. It is @imib the technique described by d’Entremont and
Gustafson, 2003. A time-interval around 15 mintepending on satellite) is used.

e Over sea a pixel who€®s,,{T710.8) is lower than -0.6K is declared as cloudy.

* Over land a pixel whos#,5,,{T10.8) is lower than DT10.8 is declared as cloudy.
where DT10.8 varies from —3.0K to -0.6K accordioditme related to local sunset and sunrise. Foertesear
sunset DT10.8 has been set to —4K. This tempastig@lso applied to snow contaminated pixels.

The threshold DT10.8 used over land is computethaba maximum cooling in the diurnal cycle
near the sunset does not generate a false alarenefdhe the test may be more efficient over arid
surfaces around sunset than at noon during the wgrperiod before the observed maximum
temperature. Its computation is illustrated in Fegi6 below.
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Figure 16 graphical illustration of DT10.8 thresklobver land (pink) for a 24h period labelled in
UTC time, sunrise and sunset are vertical solicedine, compared with a real T10.8 cycle(green)
and its gradient (orange) for a 15 minute interval

The pixels caught by this test are flagged as oé&tonable quality” (see 2.2.2.4).

2.2.1.2.5 Detection of low clouds in twilight conditions

The detection of low clouds in twilight conditiors performed in two steps. It is applied to pixels
still classified as cloud-free after the set oftgessing LUT or RTTOV on line (2.2.1.2.2 and

2.2.1.2.3) and the temporal test (2.2.1.2.4). Theelp detected by this test are flagged as of
“questionable quality” (2.2.2.4).

2.2.1.2.5.1 Temporal test to restore stationary low or mid-lesleuds in twilight conditions

The day-night terminator separates sunlit from dagions and its line is apparent near local sanris
and sunset. It crosses the earth's disk with adspdeut 1600 km/h in equatorial regions. Its
orientation varies with the season, showing a lasgalit area in the higher latitudes during summer
If defining the day-night transition as the areaevensun zenith angle is between 80° and 93°,
about one hour is necessary to get separated nelaeshe equator, for high latitude regions it may
be longer. Therefore a one-hour time interval betwanages is a minimum if one wants to get a
given “twilight” pixel previously analysed by they or night algorithm.

In the current image the day-night transition mortis delimited according to sun zenith angle, and
temporal differences of features that are knowhamearly insensitive to solar illumination change
for a low cloud target are computefdj{T10.8)|, A1(T10.8-T12.0)|,4:+(T10.8-T8.7)| where| is

the absolute value of temporal difference withnaetiinterval of one hour. The CMAand CTy, of

the previous image are used to identify pixelshef ¢urrent image that were previously classified as
low or mid-level clouds one hour earlier and detdcby a high confidence test. Those pixels are
restored as cloudy in the current transition afeéd absolute values of temporal features, noted
Aqp,satisfy the following conditions:

e overland A;4(T10.8)| <1.0K and A}(T10.8-T8.7)|<0.5K
e over water 4,1(710.8)| <1.0K andA}j(T10.8-T12.0)|<0.6K

When analysing the results obtained by this fitep sduring testing, we were not fully satisfied
because cloud parts remained undetected, butlistiérnible in enhanced VIS image. In general the
inner part of low cloud decks were caught whileirthaptically thinner part or new portions
appearing with the cloud development or its forwamotion may have passed through the temporal
differencing procedure and kept as clear. Morepueels that are not detected one hour earlier can’t
be restored by this technique. An example of tlfieieficy of this technique is illustrated in Figure
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17, where one can see that it is efficient for & p& the image, where clouds were previously
detected, and that it does not work over a wida akeer Spain where clouds were not detected one
hour eralier.

Figure 17 lIllustration of stationary clouds resaion displayed in light green in CT picture (right
compared with BRF 0.6 (left) MSG2 on 25 SeptemB@6206h30 UTC

2.2.1.2.5.2 Spatial expansion of stationary clouds in twiliglohditions

To improve the detection of the outer part of tteud we decided to use the radiometric statistical
attributes of the newly detected pixels as consisanf a region-growing technique applied to the
initial stationary cloudy pixels identified by tliest step. The goal of this second step is toiafhat
extend the initial cloud “seeds” to their connegbecels presenting similar characteristics.

The normalization used when handling VIS valuearisnverse cosine function of satellite zenith

angleB. This purely geometric normalization is an air-saerrection of the solar beam pathlength

assuming a plane-parallel atmosphere. In the dglytiterminator area this assumption is no longer
correct, and two effects become important: cuneatfratmosphere and refraction. When sun zenith
angle approaches 90°, because of curvature of ptreos the solar beam pathlength is significantly
shorter than the plane parallel one. This explaing for VIS pictures normalized using this inverse

cosine function, values displayed near day-nigmhiteator appear too high.

Twilight whose exact definition is the diffused Higin the sky when the sun is just below the
horizon, just after sunset or just before sunis@n effect of atmospheric refraction. The refract
index of air decreases when wavelength increasesthier words, blue light, which comprises the
shortest wavelength region in visible light, israeted at significantly greater angles than isliggd.
Refraction may be neglected even @onear 85°, but not when caring about features timeralow
atmosphere for higher sun zenith angle.

For these two reasons we have replaced the invmysme BRF normalization function by an
analytical formulation valid for a standard atmasyh proposed by Li and Shibata, 2006. Their
parameterization accounts for spherical atmospaederefraction. Aware that this parameterization
should be adapted to the narrowband spectral desistecs of each VIS band and to the current
state of atmosphere, we keep it as a first ordeecton for a better handling of VIS BRF in twitig
area. Figure 18 compares it with inverse cosinenabization.
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Figure 18VIS normalization factor variation with sun zengthgle, inverse cosine (blue) and
parameterization given by Li et al 2006 (red)

Because BRF of pixels in day-night terminator mmrtibecomes very sensitive to noise when
approaching the terminator line, we allow regioovgng for 75°9<89°. Groups of connected

pixels restored by the first temporal-differencimgthod form initial seeds for the region-growing
are identified. Any group comprising more than ¢iglements is taken into account. For each
significant group two mean values are computed:matized BRF0.6 (AVGO0.6) and T108

(AVG10.8). A group is expanded while a 8-connetyivieighbour pixel x belonging to the day-

night transition area satisfies simultaneously fbkowing conditions:

e SCAT,<150° and

* BRFO0.6 > MAX(1.05*AVGO0.6,THR,,)  and

e AVG10.8 + 0.5K <T10.8< AVG10.8 - 5.0K

Where THR,, is 40% over Africa to avoid false alarms over andas and 30% elsewhere
SCAT s the scattering angle [0°,180°], 0° for backwsedttering
BRFO0.6is the normalized BRF in VIS06 at location x
T10.8is the brightness temperature of 18 at location x

The main risk of the method is to add cloud falsenas and it is maximal when the radiometer is
looking in the sun direction because measured -cleaBRFO0.6 increase dramatically. That is why
we forbid region growing at locations where scatgerangle is greater than 150°. Moreover we
reject region-growing restoring more than 10000melets for the same seed assuming that a too
wide region-growing is suspect. The strategy enmgaoyn the region-growing technique may
produce small differences in presence of blurry Weud edges resulting in small jumps in cloud
features animations.




Algorithm Theoretical Basis Documerjt Code: NWC/CDOP2/GEO/MFL/SCI/ATBD/Cloud
@ for the Cloud Product Processors of théssue: 1.1 Date: 15 October 2016
PEIRo NWC/GEO File: NWC-CDOP2-GEO-MFL-SCI-ATBD-Cloud_v1.1
MWCSAE Page: 41/118

Figure 19 lllustration of spatial expansion resatipn and stationary cloud restoration displayed in
light green in CT picture (right) compared with steary clouds restoration only (left), MSG2 on
25 September 2006, 06h30 UTC

MET9 110872007 0530, METS 3110872007 0530 MET9 3110872007 0530

Figure 20 31 August 2007, 05h30 UTC METEOSAT 9 left: NomedISEVIRI 0.6 with limits of
transition area (yellow) and 1h earlier (green)entre: SAFNWC/MSG v2.0 cloud mask (orange)
superimposed with SEVIRI 0.6 right: same asreeanith new twilight detection (red)

2.2.1.2.6 Analysis of high resolution solar channels to dieseb-pixel clouds

A better detection of small scale low clouds attolag was requested by users during the NWC SAF
users workshop held at Madrid in 2005. Therefoee uke of HRV for its better spatial resolution

(1km x 1km at satellite sub-point) was one of thmpiiovement tasks planned during CDOP. The
algorithm described in this section is the gensadilon of the algorithm implemented during CDOP

for HRV: high resolution visible channel (HRV fMSG) is used to detect sub-pixel clouds inside
pixels at default horizontal resolution.

We designed this improvement as an add-on optiothefcloud mask, as some users may be
restricted by hardware considerations or would tikeavoid changes in cloud detection efficiency

that is the main drawback of using HRV as it doesalways cover the same regions of the earth
disk all the day long. The optional HRV-based althpon is applied only to pixels remained as clear
after previous steps of the cloud mask algorithpe¢sral and textural thresholding, temporal-

differencing and region-growing. It requires notyothe high spatial resolution solar channels data
of the current scene, but also the scene obsenadraalysed around 15 minutes earlier.

This process is applied to default horizontal reoh pixels still classified as cloud-free afteetset

of tests using LUT or RTTOV on line (2.2.1.2.2 &h@.1.2.3), the temporal test (2.2.1.2.4) and the
test in twilight conditions (2.2.1.2.5). The pixed$ default horizontal resolution detected by this
process are flagged as of “questionable quality?.24).

2.2.1.2.6.1 High spatial resolution visible reflectance tesepland

The high horizontal resolution visible channel édminated hrvis (for MSG: HRV) and each pixel
at default horizontal resolution contains nxn hpiiels (3x3 for HRV).

The assumption is that any low cloud exhibits highevis reflectance than underlying clear-sky
surface. This test is designed to catch staticlsscale low clouds that are not detected by change
detection technique.
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A pixel is classified as cloud contaminated if abeady classified as cloud by previous tests &nd i

e solar elevation > 5° and Max{Rsnxn) > Ryisthreshold
Where Max(R.is nxn) is the maximum hrvis normalized reflectancehiea nxn hrvis array covered by the
corresponding pixel at default horizontal resolatio

The threshold is estimated of clear-sky broadbafidatances derived from maps of monthly values
and an angular empirical correction. The monthlypsnare obtained from a combination of black
sky albedo for 3 MODIS narrow bands (Qu8% 0. 6fum and 0.8fim) available from a NASA
website dedicated to MODIS atmosphenétd://modis-atmos.gsfc.nasa.gov/ALBEDO/index.Html
Black-sky albedo is the directional hemispheriedllectance computed at local solar noon estimated
from MODIS Terra and Aqua measurements.

The following black-sky albedo combination is usedHRV:
*  Rmap=0.265xBSHs5t0.222XBSA 67+0.513xBSA g5

And the threshold is derived from this combinatamtording to
¢ Runisthreshold = 1.0xRmap +60.0 +29*( cos(scatteringle)r@ 68
where scattering_angle is the scattering angleri[ffom backward to forward direction).

The parameterization of this test has been desigsed) a period of collocations of SYNOP and
satellite data including HRV. When applied to fditk data during summer 2009 false alarms that
were too difficult to remove (not clearly dependimiy Rmap or scattering angle) appeared in some
places. To avoid them, the threshold has beenasertlately before the software delivery to the
integrator. The consequence is that some rathéc $tgpographically induced clouds such as for
instance valley fog not directly detected from higi channels at lower horizontal resolution still
remain not detected by this test.

2.2.1.2.6.2 Test of high spatial resolution visible channeldbspatial texture over sea

The high spatial resolution visible channel is damated hrvis (for MSG: HRV) and each pixel at
default horizontal resolution contains nxn hrviggté (3x3 for HRV).

A pixel is classified as cloud contaminated if:
» solar elevation > 10° and SD{R nxn)/Mean(Risnxn) > .08 or SD(R.isnxn) > 0.8%
e solar elevation < 10° and solar elevation > 5° 8B{R,is Nxn)/Mean(Ris nxn) > .16 or SD(Ryishxn) >
0.4%
- Mean(Ris nxn) and SD(R.is nxn) stand respectively for the mean and standavéhtion computed using the nxn
reflectances of hrvis pixels covered by the pitalefault horizontal resolution

This test based only on hrvis local texture inspieel at default horizontal resolution detects
heterogeneities over sea, one feature detects sinatls when background is rather dark whereas
the other one is more efficient for heterogenemsgle clouds or sunglint, that were not detetigd
previous test based on other visible channels.

2.2.1.2.6.3 Temporal test of high spatial resolution visibleaohel local spatial texture over land

The high spatial resolution visible channel is demated hrvis (for MSG: HRV) and each pixel at
default horizontal resolution contains nxn hrviggé (3x3 for HRV).

This test is a mixture of texture tests, changedin tests and image processing technique.

2.2.1.2.6.3.1 Change detection test over land
A pixel is classified as cloud contaminated if:
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» clear (and not snowy)
and
e [SD(Rynishxn) > 5% and MIN(RMNyisnxn)e,, > 10%
and abs(1.0- MAX{(RNuighxn)/ MAX e RNpnignxn) > 0.03
and abs(1.0- MIN{RNhnisnxn)/ MINpe RNprighxn) > 0.03 ]
or
o [SD(Rynishxn) > 1.5% and MIN(RNyisnxn)., > 10%
and SR(Rnnis NXN)/MEAN{Rinis NXN) — SBel Ranis NXN)/MEAN e (Rhnisnxn) > 0.03
and MAX,{RNhnisnxn)) > 1.03* MAX;el RNpris NXn)) |

-SD MIN MAX MEAN stand respectively for the spatistandard deviation, minimum value, maximum valod a
mean of the feature.

-Rnwis is the hrvis reflectance

-RNpwis is the hrvis reflectance normalized by the anedytformulation of solar path length valid for arsdard
atmosphere proposed by Li and Shibata, 2006. écepdf classical inverse cosine function).

-indices,, and e, Stands for pixels from the current image or the around 15 minutes (depending on satellite)
eralier.

The assumption behind this test is that a mobilevoiving bright target inside a nxn hrvis arrawis
cloud. False alarms that have been problematiclesr sides of cloud shadow limits moving over
bright grounds. This is why the pixels detectedtby test are further processed by a neighbourhood
analysis described below.

2.2.1.2.6.3.2 Clear restoral test over land

This test is designed to remove some false alaamsipg through the previous test, and is applied
only to pixels detected by the previous test

A pixel at default horizontal resolution scaleastored as clear
e Its MEAN(Ryishxn) is minimum among other land pixels in its ddfahorizontal resolution direct
neighbourhood (3x3)

2.2.1.2.6.3.3 Cloud restoral test over land

Obviously during visual inspection of the resultsng clouds remained missed after the change
detection test. Brighter pixels in the neighbourhob pixels detected as clouds by the hrvis change
detection algorithm described in the previous sestishould also be detected as cloudy. This test is
designed to this purpose.

A pixel on land at default horizontal resolutiorakcin the 11x11 neighbourhood of high resolution
visible change detection is restored as cloud ileast 5 pixels inside 11x11 neighbourhood are
detected by high resolution visible change detedists

e MIN(RNppisnXN)eyr > 10%
and
e MAX(Runisnxn) > MEAN; 1,11(Max(Ranisnxn) of the pixels detected by hrvis if nb > (nxnl} )
and
*  [SD(Rynishxn) > 1.5%]
or
[ MAX(Ranis NXN)-MIN(Rynis NXn) >
MEAN 1,11 (MAX(R ynis nxn)- MIN(Rqnisnxn)) of the pixels detected by hrvis if nb > (r&nl) )]

2.2.1.2.6.4 Examples of impact using high spatial resolutiaible channel

lllustration is done using MSG2/HRV imagery.

2.2.1.2.6.4.1 Maritime cloud patterns
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As the algorithms are different over water, 2 caflastrate typical difficult cloud patterns. The
figures show how HRV resolves the cloud field wrempared with the low resolution SEVIRI
visible band and how the HRV-based detectionsraresposed at the SEVIRI low spatial resolution.

One can also note that generally these detectimmespond to either fractional or low clouds in the
CT cloud type product.

Figure 21 Shallow convection maritime clouds overthNern Atlantic, 8 September 2009.
17h00UTC, (120x120 at low resolution SEVIRI scalep left: 0.8um visible reflectance; top
right: v2009 cloud type; bottom left: HRV reflectan bottom right: v2010 cloud mask
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Figure 22 Sunglint with trade-wind convective ldauds over Indian Ocean, 8 September 2009,
04h00UTC, (120x120 at low resolution SEVIRI scalep left: 0.8um visible reflectance; top
right: v2009 cloud type; bottom left: HRV reflectan bottom right: v2010 cloud type

2.2.1.2.6.4.2 Continental cloud patterns

Four cases are displayed to illustrate situationth warious backgrounds where the algorithm
applied to HRV data improves the cloud detectiare over Europe, two over Africa, and one over
South America.
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& EUMETSAT

Figure 23 Fair-weather cumulus in subsident air owestern Europe, 23 June 2009, 14h00UTC,
(1270x770 at SEVIRI low resolution scale). Top kfhanced 0.@m visible reflectance; top right:
EUMETSAT RGB (12-12-9); bottom left: v2009 cloyzktybottom right: v2010 cloud type
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Figure 24 Heterogeneous convection over compleaitein Mauritania, 8 September 2009,
15h00UTC, (120x120 at low resolution SEVIRI scalep left: 0.6um visible reflectance; top
right: v2009 cloud type; bottom left: HRV reflectan bottom right: v2010 cloud type
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Figure 25 Fair-weather cumulus over Egypt neareNlkElta, 9 September 2009, 10h00UTC,
(120x120 at low resolution SEVIRI scale). Top I&fs 1m visible reflectance; top right: v2009
cloud type; bottom left: HRV reflectance; bottoght: v2010 cloud type
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Figure 26 Shallow convection over Brazil, 7 Septen#®09, 17h00UTC, (120x120 at low
resolution SEVIRI scale). Top left: Qun visible reflectance; top right: v2009 cloud tyjpettom
left: HRV reflectance; bottom right: v2010 clougéy

2.2.1.2.7 Spatial filtering

The following spatial filtering is applied at thiedl stage of cloud detection after the sequencl of
tests.

One part of this filtering is designed to removeneaemaining false alarms in the coldest scenes. It
exploits the fact that for some extremely cold gibsurfaces, in presence of strong nocturnal clear-
sky inversion, the T7.3 brightness temperaturesitea to atmosphere temperature is warmer than
the one observed in the 10rf@ atmospheric window.

A pixel is restored as clear when detected by THO8tst at any illumination, or Visible test or
T38T108thr test at daytime or twilight under thédaing conditions:



Algorithm Theoretical Basis Documerjt Code: NWC/CDOP2/GEO/MFL/SCI/ATBD/Cloud
@ for the Cloud Product Processors of théssue: 1.1 Date: 15 October 2016
PEIRo NWC/GEO File: NWC-CDOP2-GEO-MFL-SCI-ATBD-Cloud_v1.1
MWCSAE Page: 50/118

+  1f t108thr < 250K and T7.3-T10.8> 0.5K
The reclassified cloud free pixels are flaggedfasqoiestionable” quality.
The second spatial filtering is designed to remfalsge alarms in the sea side of the coastal zogae du
to the use of local spatial texture test, evernxesain the vicinity of coast line. This spatidtdring

dedicated only to coastal pixels is designed tacedhis default. It is not applied around a water
group smaller than 50 elements

The coastal seaside pixels are identified by sabtrg the result of 2 morphological dilatations of
land pixels eroded twice by a 3x3 structuring eletne

The following filtering is applied to coastal pisel

* Over sea a pixel detected cloudy by a local spaéature test is restored clear when
belonging to a 3x3 box clear at 10% and to a 7x/dbear at 50%.

* Over land a pixel detected as cloudy is restoredrclvhen belonging to a 3x3 box clear at
10% and to a 7x7 box clear at 50%.

Figure 27 lllustration of spatial filtering effeat coastal area, 28 November 2007 12h00UTC top
left VIS 0.6, top right IR T10.8; bottom left, Cith@ut coastal filtering; bottom right CT with
coastal filtering
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The reclassified pixel are flagged as of “interpetf quality.

The last spatial filtering is designed to reclassiife narrow bands of low clouds often observed in
the surrounding of snowy areas. In general sucklpiare in fact partially covered by snow and
wrongly detected as cloud because insufficientiyeced by snow. When examining in details this
default we have found that in general such pixedsdetected cloudy by a local spatial texture test.

The outer limits of snowy areas are identified bigtsacting the result of 2 morphological dilatagson
of snowy pixels by a 3x3 structuring element erot¥éde by the same structuring element.

The following filtering is applied to outer edgeniobof a snowy area:

» A pixel detected cloudy by local spatial textursttis restored clear if belonging to a 3x3 box
with at least a clear pixel and without cloudy péxéetected by another test
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NWC SAF

Figure 28 lllustration of spatial filtering effeat snowy area edges, 28 November 2007 12h00UTC,
from top to bottom; NIR 1.6,VIS 0.6; CT withoutwrexige filtering; CT with snow edge filtering

The following spatial filtering process is finakypplied:

» all the isolated cloudy pixels that have been detbdy a test using the 3ud are
reclassified as cloud-free.
» all the isolated cloud free pixels are reclassisdcloudy.

The reclassified pixel are flagged as of “interpetti quality.

2.2.1.2.8 Dust cloud identification

The following algorithm has been empirically dedvi® detect and classify dust clouds at daytime
and also at night-time over sea:

Over the ocean at daytime, a pixel is classifiedaagaminated by dust cloud if :
»  Separation from cloud free surfaces

- 1

o [(R1.6um/RO0.Gum) > 0.4 and
(R1.6m > R1.6threshold - 5%) and

(T120n-T10.81m) > T120T108threshold) ] or
o [(R1.6um/RO.Gum) > 0.6and
(R18m > R1.6threshold - 5%) ] or

0 [(R1.6um/RO.Gum) > 0.4 and
(R1.6m > R1.6threshold - 7%) and
SD(T10.8m-T3.8um) <0.3C and

(T120n-T10.81m) > -1K) ] or
o [RO.6um > RO.6threshold - 5% and
(T12j0m-T10.8um) > T120T108threshold] }and
» Separation from clouds
- {
0 -5°C-5*1/cos@sat) -1) < T10.8m — SSTclim and
o (T8.7um-T10.8um) >-(2.5-0.17*(1-1/codsat))) and
0 SD(T10.8im)<0.£#C and
o {[RO.6um < RO.6threshold +20% and

SD(RO.4im)<0.6 % and SD(ROW8Bn)<0.6 % and
SD(R1.6im) <0.3%+0.01*R0.gm or SD(R0.6m)<0.1% and
SD(T10.8m-T3.8um) <0.£C] or
[RO.6threshold+10%<RQu.én and
(T8.4am-T10.8um) > -1.0 and
SD(RO.6im)<1.0 %] or
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[RO.6threshold+20%<RQun<RO0.6threshold +40% and
(T8.am-T10.8um) > -1.5 and
SD(RO.6im)<0.6 % and SD(RO8Nn)<0.6 % and
SD(T10.8m-T3.8um) <0.£C] }
» Sun elevation larger than 20 degrees, includinglfutrareas)
[where RO.6threshold and R1.6threshold are usetieéncloud masking schem@sat is the satellite zenith angle,
T120T108threshold defined in text, SD is the stasdieviation,]

Over the ocean at nightime, a pixel is classifis¢@ntaminated by dust cloud if :
* {[(Saharan_dust_index > 0.6 and°G5 5*(1/cosfsat) -1) < T10.8m — SSTclim ) or
( Saharan_dust_index > 1.0 and°€105*(1/cos@sat) -1) < T10.8m — SSTclim) ]and

 SD(T10.&m) < 0.4C and SD(T10,8m-T3.8um) <0.£4C and
e (T108um-T12Qum)<1.2 and
e (T87um-T108um)>-(2.5-0.17*(1-1/codsat)) }

* Sun elevation lower than —3 degrees
[whereBsat is the satellite zenith angle and SD is thedsrd deviation and
Saharan Dust Index (SDI)= 0.53476*(T@8-T8.7um)-0.838710*(T10.8m-T12.Qum)+1.28362 (for MSG1)

Over continental surfaces at daytime, a pixelassified as contaminated by dust cloud if :

* Sun elevation larger than 20 degrees and

e 273.15K < T10.Am < 315.15K and

* RO0.6um < RO0.6threshold +25 and

* SD(T10.m) < 3.0 Kand SD(RO6n) < 3.0 % and

e [ [ ((T3.84m-T10.&m) > -10K and (T12}n-T10.8im) >2.5K or
((T3.8m-T10.8m) > 12K and (T12gn-T10.m)>0.6 K ] or

[ (T12.Qum-T10.§m) >-1 K and
{(T8.um-T10.8um) > -1.0 K and ROm /R1.6um <0.8 } or
(T8.dm-T10.81m) > min(-1.0,2.5-0.18* ROEM) K and RO.m /R1.um <0.7} ] ]
[where RO.6threshold used in cloud maskir@gygEhreshold used in cloud masking]

The aim is to identify dust that is transported ofitdeserts over both continental and oceanic
surfaces. These events are rather frequent oveh Mdrca and adjacent seas (Atlantic Ocean and
Mediterranean sea). The difficulty is to separatstdlouds from cloud free areas without confusing
them with water clouds. Techniques proposed inrditee are based on brightness temperature
differences [10.8 and 3.8 (Ackerman, 1989), or 10.8 and 1200 (used by NOAA to map dust
clouds); a thermal contrast between the ground teddust cloud is needed to make these
techniques efficient], or on visible reflectancgsits|al homogeneity (Jankowiak and Tanre, 1992).
The result of this detection process is storedsegarate flag.

The threshold applied over the ocean to the TrR-010.81m brightness temperature difference is,
as most IR thresholds, calculated from pre-compuaddes defined by applying RTTOV to an
atmospheric profiles database provided by ECMWEIiEvalier, 1999). It is illustrated on Figure
29.

The nightime detection of dust over sea is basetth@thresholding of the Saharan Dust Index (SDI,
see Merchant et al., 2006) computed from 18T8.um, T10.§m and T12.Qm.

2.2.1.2.9 Volcanic ash cloud identification
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The following algorithm has been empirically dedvwe detect and classify volcanic ash clouds:

At nightime or twilight, a pixel is classified asntaminated by volcanic ash if:
e T12.Qum -T10.§m > T12.0T10.8threshold_volcan_night and
e T3.8um-T10.8m > T3.8T10.8threshold

[T12.0T10.8threshold_volcan_night is aefintuned threshold explained below in the text,
T3.8T10.8threshold is a threshold used in the chbetdction process].

At daytime over sea, a pixel is classified as cmiated by volcanic ash if:
e T12.Qum -T10.§m > T12.0T10.8threshold_volcan_day and
*  |RO.m - R1.6um| < 10%

At daytime over land, a pixel is classified as eomnated by volcanic ash if:

e T12.Qum -T10.§m > T12.0T10.8threshold_volcan_day and

e T10.8um < (T10.8threshold + 20K) and
|[RO.um -R1.6um| < 10% and T3i8n -T10.am >5K or
|[RO.¢im -R1.6um| < 20% and T3i8n -T10.8m > 13K

[T12.0T10.8threshold_volcan_day is a finely tuntdeshold explained below in the text, T10.8thrégho
is the threshold used in the T1fB infrared test during the cloud detection process]

Most volcanic ash clouds events (but not all') arearacterized by highly positive T1Ri-
T10.8um brightness temperature difference. The aim o tést is to detect these volcanic events,
and minimize false alerts. The result of this dibdecprocess is stored in a separate flag.

The threshold applied to the T1@r@ -T10.8&m is finely tuned to limit at the maximum the false
alert rate:

e at daytime, T12.0T10.8threshold_volcan_day variaeakrly with RO.etm from 0.7K (at
R0O.Gum equal 0%) up to 1.7K (at RQué larger than 60%); an additional offset, whichais
linear function of the satellite secant (from OKtoplK for a satellite secant of 5) is finally
added to T12.0T10.8threshold_volcan_day to acctamthe higher T12/m-T10.8um of
clouds at large satellite zenith angle.

e at nighttime, T12.0T10.8threshold_volcan_night dases with T108n from 1.2K (at
T10.8um lower than 223.15K) down to T12.0T10.8threshodd T10.&m larger than
T10.8threshold+20K); an additional offset, which aslinear function of the satellite secant
(from OK up to 1K for a satellite secant of 5) isinally added to
T12.0T10.8threshold_volcan_day to account for tighdr T12.Qum -T10.8m of clouds at
large satellite zenith angle. T10.8threshold isttireshold used in the T1Qd infrared test
during the cloud detection process, whereas T1D@ttreshold, illustrated on Figure 29, is
calculated as explained in 2.2.1.2.8.
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T12.0T10.8threshold (in K) over ocean
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Figure 29: Illustration of T12.0T10.8threshold usadhe dust and volcanic cloud detection over the
ocean for a satellite zenith angle of 48 degrees

2.2.2 Practical considerations

2.2.2.1 Validation

Table 6 summarises the validation results of theec version. More details can be obtained from
the validation report for cloud producter.1.]).

GEO-CMA flags Validated accuracy

GEO-CMA cloud detection

If validated over European areas using POD: 97.1%
SYNOP observations

If validated over full disk using SYNOP and

SHIP observations POD: 94.5%
GEO-CMA dust flag

. ) POD:
If validated over sea and Africa for so|ar
elevation larger than 20 degrees using 55.5% over sea
interactive targets 58.5% over land

Table 6: Summary of validation results of the catr€MA version (POD stands for Probability Of
Detection)

2.2.2.2 Quality control and diagnostics

A quality assessment is performed by the CMA iiseHfpecially through a comparison between
thresholds and measurements, “bad quality” cormedipg to thresholds and measurements close to
each other (detailed in 2.2.1.2.2.15). When metimdoased on test sequence are used, the quality
is set as “questionable” or “interpolated” (seeadstin each sub-section of 2.2.1.2).
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Two CMA output fields are used to describe the igpuahd processing conditions (see in 2.2.2.4 and
[RD.2.]). They include the quality assessment performedhkyCMA, but also information on the
lack of NWP fields or satellite non mandatory chelsrwhich leads to a decrease of CMA quality.

2.2.2.3 List of inputs for Cloud Mask (CMA)

The input data to the CMA algorithm are describedhis section. Mandatory inputs are flagged,
whereas the impact of missing non-mandatory dath@processing are indicated.

e Satellite imagery:
For the current slot (H+00):

The following bi-directional reflectances or brighss temperatures are needed at default horizontal
resolution (3km at nadir for MSG/SEVIRI):

RO.6um | RO.8um | R1.6um | T3.8um | T7.3um | T8.7um | T10.8um | T12.0um | T13.4um
Mandatory| Optional Optional [ Mandatory Optional Optional | Mandatory Mandatory| Optional

and at high spatial resolution (1km at nadir for®)S:

hrvis

Optional

(hrvis is one visible channel at around6(HRV for MSG))

The CMA software checks the availability of chamsnielr each pixel. If non mandatory channels are
missing for one pixel, the tests using these chanaee not applied, or applied differently (for
example, snow detection uses either Rin6or T3.§1m; visible channel test over the ocean uses
either RO.@m or RO.Gum) and a result is available for this pixel. Noulés are provided for pixels
where at least one mandatory channel is missing.

For the slot one hour earlier (H-60min):

The following bi-directional reflectances or brighss temperatures or CMA or CT of the scene
analysed one hour earlier are optionally neededd¢éult horizontal resolution) to improve the
cloud detection in day-night transition. If onetllém misses this improvement is not performed.

R06|,lmlh T87|Jm1h T108,1m1h T12q,lmlh CMA 1h CTlh
Optional Optional Optional Optional Optiona Optidn

For the slot around 15 minutes earlier (H-15mirgaatxdelay depending on the satellite):

The following brightness temperatures or CMA or GfTthe scene analysed around 15 minutes
earlier (exact delay depending satellite) are optiiy needed (at default horizontal resolution) to
improve the cloud detection of fast moving cloudione of them misses this improvement is not
performed.

T8.7l.lm15mn Tlo.&lmlsmn TlZ.q.lm15mn CMA 15mn CT 15mn
Optional Optional Optional Optional Optional
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The hrvis bi-directional reflectance of the scemalgsed around 15 minutes earlier (exact delay
depending satellite) is optionally needed to improle sub-pixel cumulus cloud detection. If not
available this improvement is not performed.

hrViSl5mn

Optional

(hrvis is one visible channel at around6(HRV for MSG))

The channels are input by the user in specifiech&r(HRIT for MSG), and extracted on the
processed region by NWC/GEO software package.

¢ Sun and satellite angles associated to satellite aipery

This information is mandatory. It is computed bg tDMA software itself, using the definition of the
region and the satellite characteristics.

e NWP parameters

The forecast fields of the following parameterspapped onto satellite images, are used as input:

o surface temperatures (required to get good quagylts over land ; but not mandatory)

0 air temperature at 950hPa (alternatively 925hPsg¢dUo check low level inversion.

o total water vapour content of the atmosphere,

o altitude of the NWP model grid (alternatively sudageopotential on the NWP model
grid). Required if NWP fields are used as input.

These remapped fields are elaborated by the NWC/G&@vare package from the NWP fields
input by the user in GRIB format.

The NWP fields are not mandatory: the CMA softwaaplaces missing NWP surface temperatures
or total water vapour content of the atmospherellgatological values extracted from ancillary
dataset, but the quality of CMA is then lower.

e RTTOV simulations:

The following parameters simulated by RTTOV areduse input:
* Clear sky top of atmosphere radiance
e Transmittance from surface to TOA
* Clear sky downwelling radiance

These remapped fields are elaborated by the NWC/&&tWware package by applying RTTOV to
the NWP fields input by the user in GRIB format.

The RTTOV simulations are not mandatory: if not illde, the CMA software does not apply
corresponding tests (2.2.1.2.3), the CMA qualitingethen slightly lower (especially in nightime
conditions).

e OSTIA fields:

The following parameters are used as input:
e OSTIA SST and local estimated error

High resolution global daily bulk SST fields (OSTlAre input by the user who can obtain them
from MyOcean service desk (see http://www.myocaaorg). They are used in conjunction with
RTTOV simulations.
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These OSTIA fields are not mandatory: if not avagathe RTTOV simulations are not used over
ocean and the CMA software does not apply corretipgrtests (2.2.1.2.3), the CMA quality being
then slightly lower (especially in nightime condits).

e RTTOV bias files:

Rttov bias files are used as input. They can benttmaded from AEMET ftp server. They are valid
only for ECMWF model.

These files are not mandatory. If not availables tias can be computed by GEO-CMA (the
processed region needs to contain large enoughcakegied by oceanic surfaces (see 2.2.1.2.3). If
this computation is not possible, the GEO-CMA does apply test using RTTOV simulation and
the GEO-CMA quality being then slightly lower (esmly in nightime conditions).

¢ Ancillary data sets:

The following ancillary data, remapped onto satelinages, are mandatory:

0 Land/sea atlas

Land/sea/coast atlas

Elevation atlas

Monthly SST minimum and standard deviation valuegsatology

Monthly mean 0.6m atmospheric-corrected reflectance climatologydja

Monthly mean visible surface reflectance climatgldgr hrvis processing (land, (for
MSG: HRV large band surface reflectance)) (derifredn monthly MODIS black-sky
albedos at 0.5pm, 0.67um and 0.8Am)

Land cover database (BATS)

Monthly integrated atmospheric water vapor contdimiatology

Monthly climatology of mean air temperature at 106

Monthly thermal emissivity at IR wavelength

O O O0OO0OOo

O O 0O

These ancillary data are available in the NWC/GEfdware package on a global scale; a SAFNWC
tool allows their remapping on full disk for eachwn satellite; they are finally extracted on the
processed region by the CMA software itself.

Coefficients’s file (also called threshold tablespntaining satellite-dependent values and look-up
tables for IR thresholds and for solar channelsgholds, are available in the NWC/GEO software
package, and are needed by the CMA software.

e Configurable parameters:

The following configurable parameters are availablthe default CMA model configuration file:

» CMA_SZSEG: the size of the segment is configurdbée its definition in section 2.2.2.6).
Its default value is 4. Information on how to charige size of the segment can be found in
section 2.2.2.6 and in the software user marnsaly()).

* NWP_FREQUENCY_PER_DAY: the number of NWP forecasit per day is configurable
(see its definition in section 2.2.2.6). Its defaallue is 4. Information on how to change this
number of NWP can be found in section 2.2.2.6iarte software user manugkig.3.]).

* |IS_ALREADY_RECALIBRATED: the flag, defining whethesatellite data input by user are
already recalibrated with post-launch calibratioeféicients (solar channels) and GSICS IR
calibration coefficients, is configurable (see disfinition in section 2.2.2.6). Its default
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value is FALSE. Information on how to change thasue can be found in section 2.2.2.6 and
in the software user manugkig.3.]).

» RTTOV_USE: the flag defining if RTTOV is to be used line (to allow a better detection
of low or thin clouds) is configurable (see itsidéfon in section 2.2.2.6). Its default value
is FALSE. Information on how to change this valaa be found in section 2.2.2.6 and in the
software user manugRp.3.]).

« RTTOV_USE_COMPUTED_BIAS: the flag defining if biasare to be monitored on line, is
configurable (see its definition in section 2.8)2lts default value is FALSE. Information
on how to change this value can be found in se@i@r2.6 and in the software user manual
(IRD.3.).

* HRVIS_NEED: the flag indicating if hrvis data hateebe used (to allow enhanced sub-pixel
cumulus detection) is configurable (see its dabnitin section 2.2.2.6). Its default value is
TRUE. Information on how to change this value cenfdund in section 2.2.2.6 and in the
software user manugRp.3.)).

2.2.2.4 Description of Cloud Mask (CMA) output

The content of the CMA is described in the DatapDuformat documentrp.2.]), a summary is
given below:

Container Content
GEO-CMA SAFNWC GEO CMA Cloud Mask
Class Cloud Mask category
0 Cloud-free
1 Cloudy
FillValue No data or corrupted data
GEO-CMA SAFNWC GEO CMA Cloud and Snow Mask
_CLOUDSNOW
Class Cloud and Snow Mask category
0 Cloud-free
1| Cloud (except thin ice cloud over snow)
2 Thin ice cloud over snowl/ice
3 Snow/Ice
FillValue No data or corrupted data
GEO-CMA SAFNWC GEO CMA Dust Detection
_DUST
Class Dust Detection category
0 No dust
1 Dust
2 Undefined (separability problem)
FillValue No data or corrupted data
GEO-CMA SAFNWC GEO CMA Volcanic Plume Detection
_VOLCANIC
Class Volcanic Plume Detection category
0 No volcanic plume
1 Volcanic plume
2 Undefined (separability problem)
FillValue No data or corrupted data
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Container Content
GEO-CMA 28 bits indicating (if set to 1)
_TESTLIST
Bit O: RO.6um (land) or RO.Am (sea)
Bit 1: R1.6um (sea)
Bit 2: Sunglint test using 3u8n
Bit 3: R1.38m
Bit 4: T10.8um or SST
Bit 5: T10.8m —T12.um
Bit 6: T10.8m — T3.8m
Bit 7: T12.Qum — T3.&m
Bit 8: T3.8um — T10.8m
Bit 9: T10.8m — T8.um
Bit 10: T8.am — T10.8m
Bit 11: T8.um — T3.8im
Bit 12: Snow with only T3.8m
Bit 13: Snow with R1.8m
Bit 14: Snow with combined use of Rluf and R2.gm
Bit 15: Local Spatial Texture
Bit 16: T10.8im with RTTOV
Bit 17: T3.§m with RTTOV
Bit 18: T8.um — T3.8m with RTTOV
Bit 19: T10.8m — T12.Qum with RTTOV
Bit 20: T10.8m — T8.71um with RTTOV
Bit 21: T10.Am — T3.8m with RTTOV
Bit 22: Temporal-differencing
Bit 23: Stationary cloud in twilight
Bit 24: Spatial extension of stationary cloudsvidight
Bit 25: Use of high resolution visible
Bit 26: Spatial filtering: cloud reclassified a®ot-free
Bit 27: Spatial filtering: cloud-free reclassified cloud
GEO-CMA 10 bits indicating (if set to 1)
_status_flag
Bit O: Low level thermal inversion in NWP field
Bit 1: Cold snowy ground suspected
Bit 2: Temporal algorithm passed
Bit 3: High resolution satellite data used
Bit 4: RTTOV on line-used
Bit 5: SST analysis available
Bit 6: Snow map available (not yet used)
Bit 7: Sea ice map is available (not yet used)
Bit 8: No method for dust
Bit 9: No method for volcanic plume
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Geophysical Conditions
Field Type Description
Space Flag Set to 1 for space pixels
[llumination Parameter | Defines the illumination ddion
0: N/A (space pixel)
1: Night
2. Day
3:  Twilight
Sunglint Flag Set to 1 if Sunglint
Land_Sea Parameter 0: N/A (space pixel)
1: Land
2: Sea
3 Coast
Rough_terrain Flag Set to 1 if rough terrain
High terrain Flag Set to 1 if high terrain
Processing Conditions
Field Type Description
Satellite_input_data Parameter  Describes the Satelput data status
0: N/A (space pixel)
1: All satellite data are available
2:  Atleast one useful satellite channel is migsin
3: Atleast one mandatory satellite channel issimgs
NWP_input_data Paramete Describes the NWP ingatstatus
0:  N/A (space pixel or NWP data not used)
1: Al NWP data are available
2:  Atleast one useful NWP field is missing
3: Atleast one mandatory NWP field is missing
Product_input_data Parameter  Describes the Pragudt data status
0:  N/A (space pixel or Auxiliary data not used)
1. Allinput Product data are available
2:  Atleast one useful input Product is missing
3: Atleast one mandatory input Product is missing
Auxiliary_input_data Parametenn  Describes the Aawyliinput data status (includes products useq
input to PGE)
0:  N/A (space pixel or Auxiliary data not used)
1. All Auxiliary data are available
2:  Atleast one useful Auxiliary field is missing
3: Atleast one mandatory Auxiliary field is misgi
Quality
Field Type Description
Nodata Flag Set to 1 if pixel is NODATA
Internal_consistency Flag Set to 1 if an intermahgistency check has been performed. Inte|
consistency checks will be based in the comparisothe retrieved
meteorological parameter with physical limits, @tmlogical limits,
neighbouring data, NWP data, etc.
Temporal_consistency Flag Set to 1 if a temporabstency check has been performed
Temporal consistency checks will be based in theparison of the
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retrieved meteorological parameters with data abthiin previous
slots.
Quality Parameter | Retrieval Quality
0:  N/A (no data)
1: Good
2:  Questionable
3: Bad
4. Interpolated

2.2.2.5 Example of Cloud Mask (CMA) visualisation

It is important to note that the CMA product is gt images, but numerical data. At first hane, th
CMA is rather thought to be used digitally (togetiwth the appended flags (quality, dust detection,
volcanic ash detection)) as input to mesoscaleyaisainodels, objective Nowcasting schemes, but
also during the extraction of other NWC SAF progu@T for example).

Colour palettes are included in CMA NetCdF fileBpwing an easy visualisation of CMA main
categories, dust and volcanic ash flags.

No example of CMA main categories’s visualisataye given, as it is thought that the user will be
more interested to visualize the CT product whigh be seen as a refinement.

Example of visualisation of the dust cloud andwbkanic ash cloud flags superimposed on infrared
images are given in Figure 30 and Figure 31 , uSIEHYIRI and MODIS imagery.

METEO |

-

dust cloud

10C
oc
-10C
-20C

—30C

Figure 30: Example of SEVIRI dust cloud flag supgosed on a 10:8n infrared image: dust
cloud over North Africa on $4July 2003 at 13h00 UTC.
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Figure 31: Example of MODIS volcanic ash cloud supposed on a 10/n infrared image: Etna

eruption on 22th July 2001 at 9h55 UTC.

2.2.2.6 Implementation of Cloud Mask (CMA)

CMA is extracted by PGEO1 (GEO-CMA) component & MWC/GEO software package. Detailed
information on how to run this software packagavailable in the software user manyab(3.]).

When a new region is defined the user has to mnpadpare the CMA model configuration files
for this new region using a default CMA model cgnfiation file provided in the NWC/GEO
software package. The following parameters are igordble in the default CMA model
configuration file:

CMA_SZSEG (default value: 4): the size of the segnier CMA. [Segments are square boxes
in the satellite projection, whose size is exprdsas the number of default horizontal resolutioxefsi
(3km at nadir for MSG) of one edge of the squarg. bdhe size of the processed regions must be a
multiple of the segment size. All the solar anctlige angles, the NWP model forecast values, the ®/
simulations, the atlas values and the thresholdk bei derived over all the processed regions at the
horizontal resolution of the segment. Note alsd tha land/sea atlas will be available at the ddfault
horizontal resolution, allowing the identificatioh the surface type (land or sea) of all pixelsatelver the
segment size. The quality is not very much depenoliethe segment size (if lower than 4). Decregisire
segment size will increase the execution fime

NWP_FREQUENCY_PER_DAY (default value: 4)e number of NWP forecast term per

day input by the userBy default, it is set to 4 (corresponds to NWPdkvery 6 hours which is the
minimum number authorized by the NWCSAF softwatedhe user inputs more frequent NWP fields, the
NWP_FREQUENCY_PER_DAY key should be changed (faneple 8 per day in case NWP fields every
3hours). This key allows to use the NWP fields inpythe user avoiding hidden temporal interpolatim

fact, the computation of some IR threshold may rneednalyse how NWP parameters has change before
and after current slot. This require that the NVidPameters (before and after current slot) shoulthbse
input by the user without temporal linear interpiola (which is automatically performed by NWCSAF

NWP handling routines).
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IS ALREADY_RECALIBRATED (default value: FALSE)a flag defining whether
satellite data input by the user are already rertied using post-launch calibration
coefficients (solar channels) and GSICS IR calibratoefficients[For nearly all users, it shall
remain set to FALSE (defaut value). If set to TR({F& example, CM-SAF may use this option), the
RTTOV on line option is desactivated because RTTidikared bias files may not be adeqate

RTTOV_USE (default value: FALSE): a flag definingthe set of tests using thresholds

computed on-line with RTTOV (see 2.2.1.2.3) shdugdapplied. RTTOV_USE flag is checked
at the execution step. GEO-CMA applies the seesistusing thresholds computed on-line with RTTOV i
its value is TRUE. This flag has been made conéigle to allow users being blocked by hardware
resources to still run GEO-CMA by assigning it B8LISE in the configuration file.]

RTTOV_USE_COMPUTED_BIAS (default value:FALSE): adl defining if biases are to
be monitored on line (see 2.2.1.2.3) when RTTO\WkHOassts are usedHis key should be set
to TRUE in case RTTOV_USE is set to TRUE and RTTI@as files are not available for the NWP model
used by the user (AEMET provides bias files for B@M only). But there are some constraints to create

thoses bias files (see 2.2.1.2}3).

HRVIS_NEED (default value: TRUE): a flag indicativghether the hrvis analysis (see

2.2.1.2.6) should be doneiRVIS_NEED flag is checked at the execution steOSCMA applies the
hrvis analysis if its value is TRUE. This flag hasen made configurable to allow users being blodked
hardware resources to still run GEO-CMA by assigriirito FALSE in the configuration file.]

The CMA execution step is the real-time processihghe satellite images over the region. This
process consists in the launch of the command: GE2: by the Task manager.

2.3 ASSUMPTIONS AND LIMITATIONS

The following problems may be encountered:

Low clouds may be not detected in case low sokragion, over both sea and land.

It may happen that large areas of low clouds atedetected in night-time conditions over
land. This can be the case in “warm sectors”, et & areas viewed with high satellite
zenith angles or if the low clouds are surmountggdry thin cirrus.

Snowy grounds are not detected at night-time amedtla@refore confused either with low
clouds or cloud free surface.

False detection of volcanic ash clouds happenscedpein daytime conditions (over low
clouds and desertic surfaces), but also in nighét{over cold clouds). The volcanic ash
clouds detection is not performed in case low selevation.

Over land, dust cloud detection is performed onlgaytime. Over land, dust clouds are not
well detected when the sun is low or if they are tfwin. Over sea, some dust areas may not
be detected(especially the thinnest parts). Mone®ane wrong detection may be observed
in oceanic regions, especially at nighttime neamiM& coast and occasionally over the
South Atlantic (at latitude larger than 50 degrees)

The CMA product may be used to identify cloud-frefaces for oceanic or continental surface
parameters retrieval. Nevertheless, as some clamdains undetected and to account for artefacts
such as shadows or aerosols, the user should agalgt-processing which could include:

the spreading of the cloud mask that should alletecting cloud edges and mask shadows
or moist areas near cloud edges
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» the use of the cloud mask quality flag not to cotaurface parameters in bad quality cloud
free areas

* the implementation of an additional filtering basewd the temporal variation around the
current slot
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3 DESCRIPTION OF CLOUD TYPE (GEO-CT) PRODUCT

3.1 CrLoup TypPE (GEO-CT) OVERVIEW

The cloud type (CT), developed within the NWC SAiniext, mainly aims to support nowcasting
applications. The main objective of this productdsprovide a detailed cloud analysis. It may be
used as input to an objective meso-scale analygicliy in turn may feed a simple nowcasting
scheme), as an intermediate product input to gitaucts, or as a final image product for display a
a forecaster’s desk. The CT product is essentralhi® generation of the cloud top temperature and
height product, cloud microphysics and for the tdeation of precipitation clouds. Finally, it is
also essential for the computation of radiativexdlsi over sea or land, which are SAF Ocean & Sea
Ice products.

The CT product therefore contains information oe thajor cloud classes: fractional clouds,
semitransparent clouds, high, medium and low clquasuding fog) for all the pixels identified as
cloudy in a scene. A second priority is the didiot between convective and stratiform clouds
(implementation not planned before 2017).

CT is performed by a multi-spectral threshold mdthgpixels previously detected as cloudy by
CMA are classified by a threshold procedure whighapplied to the channels combinations that
allow the discrimination of all cloud types. Theitical points are the choice of the channels
combinations and the threshold tuning.

3.2 CLouD TYPE (GEO-CT) ALGORITHM DESCRIPTION

3.2.1 Theoretical description

3.2.1.1 Physics of the problem

Brightness temperatures and reflectance of cloedgsmuch depend on their characteristics: - height
(low, medium or high level clouds); - amount (séraRsparent or opaque; sub-pixel or filling the

pixel) and texture; - phase (water or ice cloudd)ey are also affected by the atmospheric
conditions and by the sun and satellite respegtdgitions.

The pixels contaminated by clouds are supposedve been identified by the CMA product. The
problem to be solved is then, to determine the aaegcombinations of satellite imagery channels
that will allow the separation of clouds presentiddferent characteristics, and how these
combinations of channels will be affected by atnin@s conditions and sun/satellite geometry.

3.2.1.2 Mathematical Description of the algorithm

3.2.1.2.1 Algorithm outline:

The algorithm has been designed to be applicabi@magers on board meteorological geostationary
satellites. The imagers may have different sehahoels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3madir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
of all IR channels and some solar channels, wiktlesen as the default horizontal resolution. Solar
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channels may be available at higher horizontallstiem (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tlieultehorizontal resolution (high resolution chalsne
being averaged at this resolution). We use genebiels in this document (for example, T8,
T8.7um, T10.&m, T12.um, RO.um, RO.&m and R1.Am), the exact central wavelengths of the
corresponding channels depending on the satelibe. list of available labels depends on the
satellite; the list of mandatory channels is liste8.2.2.3.

The CT algorithm is a threshold algorithm appli¢dree pixel scale, based on the use of CMA and
spectral & textural features computed from the repéctral satellite images and compared with a
set of thresholds.

The set of thresholds to be applied depends mamlghe illumination conditions (defined in Table
3), whereas the values of the thresholds themsehags depend on the illumination, the viewing
geometry, the geographical location and NWP dasarid®ng the water vapour content and a coarse
vertical structure of the atmosphere.

The CT classification algorithm is based on a sageef thresholds tests which are detailed in the
following sections. In addition, it should be notédt in the current version of CT, no separation
between cumuliform and stratiform clouds is perfedn

3.2.1.2.2 Main cloud type identification

3.2.1.2.2.1 Fractional and high semitransparent clouds idenéfion at nighttime

The high semitransparent clouds are distinguishad bpaque clouds using the T8 T12.Qum,
T8.7um-T10.8&um or T3.§m-T10.8um features.

e T10.8um-T12.Qum is usually higher for cirrus clouds than for thidouds, especially in case
of large thermal contrast between the cloud toptaedsurface. This brightness temperature
difference decreases if the semitransparent c®tabi thick or too thin.

e T8.7um-T10.8um is usually higher for cirrus clouds than for thdouds, especially in case
of large thermal contrast between the cloud topthadurface.

* The T3.im-T10.8um feature is also very efficient to distinguish tigemitransparent
clouds from the opaque clouds. It is based on adlethat the contribution of the relatively
warm grounds to the brightness temperature of sensiparent cloud is higher at @8 than
at 10.&m, due to a lower ice cloud transmittance, andhéohigh non-linearity of the Planck
function at 3.8m. This feature is more efficient if the thermahtrast between cloud top
and surface is large. Due to noise problem, thasufe cannot be used in case of too cold
T3.8um.

The fractional low clouds have also T8 T12.Qum and T3.8m-T10.8&m higher than opaque
clouds, which therefore may lead to confusion wighy thin cirrus. But usually cirrus clouds have
larger T8.um-T10.8&um than fractional low clouds.

The presence of a lower level under the cirrus cltends to reduce T1Q&-T10.Z2um and
T3.8um-T10.&4m when compared to those of single level cirrusO.§im-T12.Qum is more
reduced than T318Bn-T10.81m, making this last feature more efficient to detgcrus overlaying
low water clouds. But it seems impossible to dete@rlapping clouds with only spectral features
such as T10{8m-T12.qum or T3.&4m-T10.8&um at the pixel resolution, neither with local teretiu
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features; the CT algorithm therefore does not sgpatirrus overlaying low clouds from fractional
cover or mid-level clouds at nighttime.

The scheme used at nighttime is the following:

High semitransparent clouds

high semitransparent
thick clouds: T108n < maxT108hi T10.8um -T12.Qum > T108T120thick

high semitranspare Nt  maxT108hi < T10(8n < T108interthr [ T3.8m —-T10.§um > T38T108thin_high or

meanly thick clouds T10.8um -T12.Qum > T108T120thick]
T108interthr < T1048m < maxT108med [ T318n —T10.&m > T38T108thin_low or

T10.8um -T12.Qum > T108T120thick]

[T3.8um -T10.8um > T38T108t_low or

T10.8um -T12.Qum > T108T120thick]
and

[ T8.7um -T10.im > T87T1080opaque or

T3.8um -T10.8um > T38T108thin_low ]

[ T3.8um-T10.8um > T38T108_vlow or

T10.1m -T12.Qum > T108T120thick]

and

[ T8.7um -T10.im > T87T1080opaque or

T3.8um -T10.8um > T38T108thin _low]

maxT108med < T10p8n < maxT108low

high semitransparent
thin clouds: maxT108low < T10.m<maxT108low+delta

Fractional low clouds

[ T3.8um-T10.8um > T38T108_low or
T10.§im -T12.Qum > T108T120thick]
and
maxT108med < T10i8n < maxT108low |[T8.7um -T10.§im < T87T108opaque ]
and
[T3.8um -T10.8um < T38T108thin _low]
) [ T10.8um -T12.Qum > T108T120thick or
Fractional clouds: T3.8um -T10.§im > T38T108_viow ]
and
maxt108low<T10.Bm<maxT108low+delta | [ T8.7um -T10.im < T87T108opaque ]
and
[T3.8um -T10.8im < T38T108thin _low]
maxT108low+delta < T1Quén [ T10.8um -T12.Qum > T108T120thick or
T3.8um -T10.§im > T38T108 viow ]

The thresholds used in this scheme are the follgwin

MaxT1lllow, maxT1llmed, maxT1l1lhi and maxT1llvh thréshare explained in section
3.2.1.2.2.4.

« An intermediate T108n threshold has been defined:
T108interthr = maxT108low+(maxT108hi- maxT108low)/2
If T108interthr > maxT108med  T108interthmaxT108med+(maxT108hi- maxT108med)/2.

e T108T1200paque, T38T1l08opaque, T87T108opaque antta Dare computed by
interpolating in look-up tables using satellite ilerangle and total integrated atmospheric
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NWC SAF

water vapour content. These look-up tables have led¢sborated by applying RTTOV to
radiosoundings from an ECMWEF dataset (F.Chevali999) for surface having an
emissivity of one.

* New T38T108 thresholds according to observed Tiri.8ave been defined as:
T38T108thin_high = T38T108opaque +5.*(maxT108loh08)/(maxT108low- maxT108hi)
T38T108thin_low = T38T108opaque+2.*(maxT108low-BYmaxT108low- maxT108hi)

T38T108 low = T38T108opaque+l (in K)
T38T108_vlow = T38T108opaque-1 (in K)

e T108T120thick has been defined as : MAX (T108T J#¥ue-0.2 , 1.5) (in K)
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Figure 32: Illustration of T108T1200paque,T38T108gpe and T87T108opaque for a satellite
zenith angle of 48 degrees
3.2.1.2.2.2 Fractional and semitransparent clouds identificatio twilight conditions

T3.8um cannot be used in twilight conditions as in niighe conditions, due to solar contamination.
High semitransparent or fractional low clouds cél Be separated from opaque clouds by their
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relatively high T10.8m-T12.Qum value. As in nightime conditions, cirrus clouds/@ much higher
T8.7um-T10.8um values than fractional low clouds.

The scheme used in twilight conditions is the feilog:

High semitransparent clouds

high semitransparent
thick clouds: T108n < maxT108hi T10.8um -T12.um > T108T1200paque

high semitransparent
meanly thick clouds] maxT108hi < T108m < maxT108med | T10.8m -T12.Qum > T108T1200paque

high semitransparent and
thin clouds:

T10.8um -T12.Qum > T108T1200paque

T108med<T108m<maxT108low+delt
maxT108me {m<max OWrdelta 1 rg 7um -T10.8um > T87T1080paque

Fractional low clouds

Fractional clouds: and

T10.8um -T12.Qum > T108T1200paque

< < +aeltg
maxt108med<T108n<maxT108low+deltd T8.7um -T10.8im < T87T1080paque

maxT108low+delta < T1Qué T10.8um -T12.Qum > T108T1200paque

The meaning of the thresholds is the same as inigetime scheme.

3.2.1.2.2.3 Fractional and high semitransparent clouds idenéfion at daytime

The high semitransparent clouds are distinguishhech fopaque clouds using spectral features
(T10.8um-T12.Qum, T8.um-T10.8um, RO.um) and textural features (variance T3h8coupled
to variance ROJ&m in daytime conditions):

T10.8um-T212.Qum is usually higher for cirrus clouds than for thidouds, especially in case
of large thermal contrast between the cloud toptardsurface. This brightness temperature
difference decreases if the cloud is too thickoorthin.

T8.7um-T10.8um is usually higher for cirrus clouds than for thdouds, especially in case
of large thermal contrast between the cloud topthadurface.

Cirrus clouds present lower Rfué reflectances than opaque clouds having the same
radiative temperature.

Cirrus clouds are much more spatially variableemperature than in visible reflectance.

The fractional low clouds have also T1008T12.Qum higher than opaque clouds, but usually lower
than thin cirrus. Fractional low clouds usually eprs warmer and brighter than thin cirrus clouds;
moreover cirrus clouds have larger Ti81v-T10.8&um than fractional low clouds

High semitransparent over low or medium clouds appa&ther bright and cold, but are characterised
by rather high T1048m-T12.Qum and T8.@am-T10.8um (if the thermal contrast between cirrus and
lower cloud layer top temperature is large enough).
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The scheme used at

daytime is the following:

High semitransparent clouds

high semitranspare
thick clouds:

Nt
T1048m < maxT108hi

T10.8um -T12.Qum > T108T1200paque

high semitranspare
meanly thick clouds

nt

R0O.61m < maxCiR06
and
T10.8m -T12.Qum > T108T1200paque

high semitranspare
above low
medium clouds:

ot

Nt maxT108hi < T108m < maxT108med

ROuBn > maxCiR06
and
T10.8um -T12.Qum > T108T1200paque

high semitranspare
thin clouds:

maxT108med < T10u8n < maxT108low

[ RO.6um > maxCiR06
and
T10.m-T12.Qum > T108T1200paque
and
varilogT10.8/varilogR06 > varilogthr ]
or
[ RO.6um < maxCiR06
and
T8.7um -T10.§m > T87T1080opaque ]

nt

maxt108low< T10.8m < maxT108low+delta

[ RO.6um < maxCiR06
and
T8.7um -T10.§m > T87T108opaque ]
or
[ RO.6um > maxCiR06
and
T10.m-T12.Qum >
(T108T120Threshold+ T108T1200paque)
and

T8.um -T10.8um > T87T108opaque ]

Fractional low clouds

Fractional clouds:

maxT108med < T10u8n < maxT108low

R0O.6um < maxCiR06
and
T8.7um -T10.8m < T87T108opaque

maxt108low<T10.8m<maxT108low+delta

[ RO.6um > maxCiR06
and
T10.8m -T12.Qum >
(T108T120threshold+ T108T1200paque)
and
T8.um -T10.8im < T87T108opaque ]
or
[ RO.6um < maxCiR06
and
T8.7um -T10.8&im < T87T108opaque ]

maxT108low+delta < T1Qud

[ RO.6um > minLowR06
and
T10.8m -T12.um >
(T108T120threshold+ T108T1200paque)/
or

[ RO.6um < minLowRO06 ]

The IR thresholds used in this scheme are theviolig:

MaxT11low,

maxT1llmed, maxT11lhi

section3.2.1.2.2.4.

and maxT1llvh thré&dhoare explained

in

N
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e T108T120Threshold is the threshold used to sepadatedy from cloud-free pixels (see
section 2.2.1.2.2.3).

* T87T1200paque, T108T1200paque and Delta have glreaen defined in the night-time
scheme.

The textural features used are defined as:

e VarilogT10.8=log(1+ var(T1048m)) and

* VarilogR0.6=log(1+var(R06m)/13.)
where var stands for the standard deviation imaobi9 pixels centred on the pixel to classify. The
threshold applied to the ratio varilogT10.8/varRRig6 (varilogthr) is a constant value: 2.2

MaxCiR06 mainly aims to separate opaque from seamsparent clouds. Its computation is based
on the assumption that semitransparent and opatpuelsc can be roughly separated in the
R0O.6um/T10.8um space by a straight line defined by two referguats:

» The coldest and brighter one is determined by: @6=223.15K, R0.am=35%).
» The warmest and darker one is depending surfaeetsfand atmospheric effects :
 lIts reflectance depends on the surface reflectdoceyhich we have an indication from a
sea reflectance when over sea or the monthly meégmOvalue from climatology when
over ground.
» Its temperature is estimated from the SST climatplide over sea or from NWP surface
forecast temperature over land.
Two sets (sea and land) of thresholds (slope aedciept of the straight line) are then computed by
accounting for cloud bidirectional effects (usingefficients proposed by Manalo & Smith, 1996,
overcast model, and with a weighting factor of 4 Rayleigh part), for the visible calibration
variation with time, and for the variation of eagn distance.
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Figure 33: lllustration of MaxCiR06 over Ocean aoxker Land. Solar zenith angles (30 and 70
degrees), azimuth difference (0 and 90 degreeg)rdan over vegetated areas, in brown over desert

MinLowRO6 is aimed to put a minimum value to anegitable reflectance of a low cloud, mainly to
separate fractional and low clouds. It is deriviemht a constant value (13% over sea and 20% over
land) accounted for bidirectional effects (usingfticients proposed by Manalo & Smith, 1996,
overcast model, and with a weighting factor of fo4Rayleigh part).

3.2.1.2.2.4 Low/medium/high clouds separation
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Once the semitransparent or fractional clouds hb&en identified, the classification of the
remaining cloudy pixels between low, mid-level amdh clouds is performed through a simple
thresholding on the T1Qu8n brightness temperature which is related to theight. In order to
account for atmospheric variability, NWP foreca&shperatures at several pressure levels are used to
compute the thresholds that allows separating i@myfrom low clouds (maxT1llow), low from
medium clouds (maxT11lmed), medium from high clo@asxT11hi), and high from very high
clouds (maxT11vh).

To decrease the wrong classification of low cloadsmedium clouds (in case strong atmospheric
thermal inversion), medium clouds are not alloneg@resent too large T1Qu-T7.3um brightness
temperature differences. In fact, for a field oéwiobstructed by a low or mean opaque cloud,
T7.3um is sensitive to water vapour content above thadcbnd to cloud top temperature. Therefore
for a same atmospheric profile and identical mibgsgical properties of opaque clouds, T10r8
T7.3um decreases with cloud top pressure.

The separation between cumuliform and stratiforouds is not performed in the current version of
CT. Hence, the clouds are labelled as stratiforioh arflag indicates that the separation between
stratiform and cumuliform clouds has not been apteah.

Opaque clouds

Very high opaque

: Not semitransparent or fractional
and stratiform clouds: T1048m < maxT108vh ransp :

high opaque

and stratiform clouds: maxT108vh < T10j8n < maxT108hi Not semitransparent or fractional

Medium

maxT108hi < T104#m < maxT108me and Not semitransparent or fractional

and stratiform clouds: T10.8im — T7.3um < T108T73thrlow

Low maxt108me < T108n < maxT108low
or [maxT108hi < T108mM < maxT108me and

. Not semitransparent or fractional
and stratiform clouds: T10.8im — T7.3um > T108T73thrlow]

Very low

and stratiform clouds: maxT108low < T10.8m Not semitransparent or fractional

These five thresholds are the following :

* maxT10.8vh = 0.4 * doonpat0.6 * Tiropo - 5 K

e maxT10.8h =0.5 * Fonpa-0.2 * T7gonpat 178 K

e maxT10.8me = 0.8 *gEonpat0.2 * T7oonpa- 8 K

e maxT10.8low = 1.2 * ¥50npa-0.2 * T7gonpa- 5 K

* T108T73thrlow = 4.0*sec + 8.5 Isdc is the secante of the satellite zenith angle)

If the air temperature at tropopause level is nailable, maxT10.8vh = maxT10.8h — 25K.

In case a thermal inversion has been detectedeiNiWP fields input by the user, an additional
process is applied that allows reclassifying medalmuds as low clouds if their T&1-T10.8um is
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lower than a specific thresholds depending of #ielkte viewing secant and if their T1Qu8 is
warmer than maxT11lmed minus an offset (up to 10pedding on the T8n-T10.8um value).
The basis of this test is that low TRrA-T10.8um values characterizes low clouds rather than
medium clouds. The test on T1(r8 is a security to avoid too cold clouds to be sifeed as low
clouds. This “reclassification test” is applied ymh case of the presence of a thermal inversion
which is characterized by NWP air temperature tiffiees between two vertical levels (950/925hPa
and surface, 850hPa and surface, 850hPa and 95®8p%arger than 3°K. This test is not applied
over arid areas. To summarize, a mid-level cloadberefore reclassified as low level clouds if:

* Athermal inversion is present in the NWP fieldguihby the user
e Visclim < 30% (to exclude arid areas)
e T8.7um-T10.8m < -1.2-(1./codsy)-1) (in K) and T10.8m >maxT108me-5.0 (K) or
T8.im-T10.8um < -1.7-(1./coHs,)-1) (in K) and T10.8m >maxT108me-8.0 (K) or
T8.m-T10.8m < -2.2-(1./coHsz)-1) (in K) and T10.8m >maxT108me-10.0 (K)
Where visclim is the climatological Qué reflectance valuemaxT108meis the threshold normally applied to
T10.8um to distinguish low from mid-level cloud$,is the satellite zenith angle

A rough insight of the range of low/medium/high wiis top pressures has been obtained by
analysing statistics of retrieved (using GEO-CTThyud top pressure for each of these cloud types.
The following rough top pressure ranges have bé¢aireed (no dependency with latitude or season
was observed):

Very low opaque clouds pressure larger than 800hPa

Low opaque clouds pressure between 650hPa and*800h
Medium opaque clouds pressure between 450hPa5@idPé
High opaque clouds pressure between 300hPa arghd50
Very high opaque clouds pressure lower than 300hPa

3.2.1.2.3 Stratiform/cumuliform separation

The separation between cumuliform and stratiforouds is not performed in the current version of
CT. The “stratiform:cumuliform category” (see 3.2pis set to “undefined”.

3.2.1.2.4 Multilayer cloud identification

The “multilayer cloud” (see 3.2.2.4) correspondshi® “high semi-transparent above low or medium
clouds” class (only in daytime conditions).

3.2.1.2.5 Quality assessment
A quality flag is appended to the CT (see 3.2.3t4llows the identification of pixels that mayvea

been misclassified:
* The quality flag of a cloudless pixel is the saraerat of CMA
» A pixel classified as cloudy is flagged as of “lzpdhlity”:
» jfis flagged as of “bad quality” in CMA

= or if, either for spectral (T108n-T12.Qum, T3.§um-T210.§1m, RO.Gum) or for textural
features (variance T1(Qué& coupled to variance Ruf), the difference between the
threshold and the measurement is lower that a isgouargin listed in next table:

Cloud Test T10.8um-T12.0um | T3.8um-T10.8um | T8.7um-T10.8um R0.6 varilogT10.8/varilogR06
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Security margin for 0.2K 0.2K 0.2K 0.2*threshold 0.2*threshold

quality assessment

3.2.2 Practical considerations

3.2.2.1 Validation

Table 7 summarises the validation results of threect version for the CT cloud type. More details
can be obtained from the validation report for diguoducts[RD.1.]).

GEO-CT Validated accuracy

User accuracy for low opaque, high opaque, semsfrarent high
GEO-CT cloud type clouds : between 79% and 96% depending on illungnat

If validated over full disk
(the user accuracy is defined as [the

probability of a pixel being classified into| a
category to really belong to this category)

Table 7: Summary of validation results of the cotr€T version

3.2.2.2 Quality control and diagnostics

A quality assessment, detailed in 3.2.1.2.5, idopered by the CT itself through a comparison
between thresholds and measurements, “bad quabtyésponding to thresholds and measurements
close to each other.

Two CT output fields are used to describe the tpalnd processing conditions (see in 3.2.2.4 and
[RD.2.]). They include the quality assessment performethbyCT, but also information on the lack
of NWP fields or satellite non mandatory channetéch leads to a decrease of CT quality.

3.2.2.3 List of inputs for Cloud Type (CT)

The input data to the CT algorithm are describedhia section. Mandatory inputs are flagged,
whereas the impact of missing non-mandatory dath@processing are indicated.

¢ Satellite imagery:

The following bi-directional reflectances or brighss temperatures are needed at default horizontal
resolution (3km at nadir for MSG):

RO.6um T3.8um T7.3um T8.7um T10.8um T12.0um

Mandatory Mandatory Optional Optional Mandatofy Matory

The CT software checks the availability of thesarutels for each pixel; no results are available for
pixels where at least one mandatory channel isingss

The channels are input by the user in specifieth&r(HRIT for MSG), and extracted on the
processed region by NWC/GEO software package.
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¢ CMA cloud categories

The CMA cloud categories are mandatory. They amepuded by the CMA software.

e Sun and satellite angles associated to satellite apery

This information is mandatory. It is computed bg @T software itself, using the definition of the
region and the satellite characteristics.

e NWP parameters

The forecast fields of the following parameterspapped onto satellite images, are used as input :

o surface temperatures

0 air temperature at 950hPa (alternatively 925hRa)cHeck low level inversion), 850hPa,
700hPa, 500hPa and at tropopause level

o total water vapour content of the atmosphere,

o altitude of the NWP model grid (alternatively sudageopotential of the NWP model
grid). Required if NWP fields are used as input.

These remapped fields are elaborated by the NWC/G&@vare package from the NWP fields
input by the user in GRIB format.

The NWP fields are not mandatory. The CT softwa@aces missing NWP surface temperatures,
air temperature at 850hPa, 700hPa, 500hPa or wattdr vapour content of the atmosphere by
climatological values extracted from ancillary dsa An alternative method is used in case of
missing NWP air temperature at tropopause leved @tion 3.2.1.2.2.4). The quality of CT is

lower if some NWP fields are missing.

e Ancillary data sets:

The following ancillary data, remapped onto satelinages, are mandatory :

0 Land/sea atlas

Elevation atlas

Monthly minimum SST climatology

Monthly mean 0.@m atmospheric-corrected reflectance climatologgd)a

Monthly integrated atmospheric water vapor contdimiatology

Monthly climatology of mean air temperature at 108, 850hPa, 700hPa, 500hPa.

O OO0 0o

These ancillary data are available in the NWC safeanpackage on a global scale; a SAFNWC tool
allows their remapping on full disk for each nevedldge; they are finally extracted on the processe
region by the CT software itself.

One coefficients’s file (also called threshold &gblcontaining satellite-dependent values and look-
up tables for thresholds, is available in the NWiitvgare package, and is needed by the CT
software.

e Configurable parameters:

The following configurable parameter is availabighe default CT model configuration file:

» CT_SZSEG: the size of the segment is configurad®e (ts definition in section 3.2.2.6). Its
default value is 4. Information on how to change #izve of the segment can be found in
section 3.2.2.6 and in the software user mangealy().
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3.2.2.4 Description of Cloud Type (CT) output

The content of the CT is described in the Data Qufermat documentrD.2.]), a summary is given
below:

Container Content
GEO-CT SAFNWC GEO CT Cloud Type
Class Cloud Type category
1 Cloud-free land
2 Cloud-free sea
3 Snow over land
4 Seaice
5 Very low clouds
6 Low clouds
7 Mid-level clouds
8 High opaque clouds
9 Very high opaque clouds
10 Fractional clouds
11 High semitransparent thin clouds
12 High semitransparent meanly thick clouds
13 High semitransparent thick clouds
14| High semitransparent above low or medium clouds
15 High semitransparent above snow/ice
FillvValue No data or corrupted data
GEO-CT SAFNWC GEO CT Stratiform/Cumuliform Cloud Detection
_CUMULIFORM
Class | Stratiform/Cumuliform Cloud category
1 Stratiform status
2 Cumuliform status
3 Mixed status
4 Cloud-free
5 Undefined (separability problem)
FillvValue No data or corrupted data
GEO-CT SAFNWC GEO CT Multilayer Cloud Detection
_MULTILAYER
Class Multilayer Cloud category
0 No multilayer detected
1 Multilayer detected
2 Cloud free
3 Undefined (separability problem)
FillValue No data or corrupted data
GEO-CT 6 bits indicating (if setto 1)
_status_flag
Bit O: Low level thermal inversion in NWP field
Bit 1: Tropopause temperature availaldenfNWP field
Bit 2: R1.38m used for cirrus identification
Bit 3: High resolution satellite data used
Bit 4: No method for stratiform/cumuliform sepacati

Bit 5: No method for multi-layer
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Geophysical Conditions
Field Type Description
Space Flag Set to 1 for space pixels
[llumination Parameter | Defines the illumination ddion
0: N/A (space pixel)
1. Night
2. Day
3:  Twilight
Sunglint Flag Set to 1 if Sunglint
Land_Sea Parameter 0: N/A (space pixel)
1: Land
2: Sea
3 Coast
Rough_terrain Flag Set to 1 if rough terrain
High terrain Flag Set to 1 if high terrain
Processing Conditions
Field Type Description
Satellite_input_data Paramete Describes the 8atielput data status
0: N/A (space pixel)
1: All satellite data are available
2: Atleast one useful satellite channel is migsin
3: Atleast one mandatory satellite channel isimgs
NWP_input_data Paramete Describes the NWP ingatstatus
0:  N/A (space pixel or NWP data not used)
1: Al NWP data are available
2:  Atleast one useful NWP field is missing
3: Atleast one mandatory NWP field is missing
Product_input_data Paramete Describes the Pragudt data status
0:  N/A (space pixel or Auxiliary data not used)
1. Allinput Product data are available
2:  Atleast one useful input Product is missing
3: Atleast one mandatory input Product is missing
Auxiliary_input_data Parametenn  Describes the Aawyliinput data status (includes products useq
input to PGE)
0:  N/A (space pixel or Auxiliary data not used)
1. All Auxiliary data are available
2:  Atleast one useful Auxiliary field is missing
3: Atleast one mandatory Auxiliary field is misgi
Quality
Field Type Description
Nodata Flag Set to 1 if pixel is NODATA
Internal_consistency Flag Set to 1 if an intermahgistency check has been performed. Inte|
consistency checks will be based in the comparisothe retrieved
meteorological parameter with physical limits, @tmlogical limits,
neighbouring data, NWP data, etc.
Temporal_consistency Flag Set to 1 if a temporabstency check has been performed

Temporal consistency checks will be based in theparison of the
retrieved meteorological parameters with data abthiin previous

rnal

slots.
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Quality Parameter | Retrieval Quality
0:  N/A (no data)
1: Good
2:  Questionable
3: Bad
4. Interpolated

3.2.2.5 Example of Cloud Type (CT) visualisation

It is important to note that the CT product is justt an image, but numerical data. At first haine, t
CT is rather thought to be used digitally (togetiéth the appended flags (quality, multilayer,
stratiform/cumuliform (not yet available))) as iripto mesoscale analysis models, objective
Nowcasting schemes, but also in the extractiontkéroNWC SAF products (CTTH or CMIC for
example).

Colour palettes are included in CT NetCdF filesstlallowing an easy visualisation of CT cloud
type categories as illustrated on Figure 34.

The user may be interested in visualising all tvelable classes as displayed on a SEVIRI example
in Figure 34, or highlight one or a few categomsegable for the application of interest. Product’s
animation will be a help for the user to interptie¢ visualized CT, and to identify artefacts (for
example, the replacement of a snowy area by a louddoetween two successive pictures may be
due only to the transition from day to night, as #mow detection is not possible at nighttime).
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High semimransparvent
ahove snow/ice

High semiiransparent
ahove low or medium
High semiiransparent
thick clonds

High semiiransparent
meanly thick clands

High opague clonds

Mid-level clouds
Low clouds

Very low clonds
Seafice

Snow over land

Cloud fiee sea

Cloud fiee land

Figure 34: Example of SEVIRI CT cloud type ushmgdolour palette included in CT NetCdF files.

3.2.2.6 Implementation of Cloud Type (CT)

CT is extracted by PGEO2 (GEO-CT) component of NWYC/GEO software package. Detailed
information on how to run this software packagavailable in the software user manyab(3.]).

When a new region is defined the user has now twalyy prepare the CT model configuration files
for this new region using a default CT model comfagion file provided in the NWC/GEO software
package. The following parameter is configurablthendefault CT model configuration file:

 CT_SZSEG (default value: 4): the size of the sedmBms default value may be manually

changed[Segments are square boxes in the satellite projeatinose size is expressed as the number of
default horizontal resolution pixels (3km for MS@) one edge of the square box. The size of the
processed regions must be a multiple of the segsieat All the solar and satellite angles, the Nkvitlel
forecast values, the atlas values and the threshwildl be derived over all the processed regionshat
horizontal resolution of the segment. Note alsd tha land/sea atlas will be available at the didfault
horizontal resolution, allowing the identificatioh the surface type (land or sea) of all pixelsatelver the
segment size. The quality is not very much depenoerthe segment size (if lower than 4). Decreatlieg
segment size will increase the execution tjme

The CT execution step is automatically launchedheyTask Manager (if real-time environment is
selected).
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3.3 ASSUMPTIONS AND LIMITATIONS

The following problems may be encountered (for wraioud detection, please refer to paragraph
2.3):

» Very thin cirrus are often classified as fractioolluds.

* Very low clouds may be classified as medium cloandsase strong thermal inversion.

* Low clouds surmounted by thin cirrus may be clasgias medium clouds.
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4 DESCRIPTION OF CLOUD TOP TEMPERATURE AND HEIGHT
(GEO-CTTH) PRODUCT

4.1 CLouD Top TEMPERATURE AND HEIGHT (CTTH) OVERVIEW

The cloud top temperature and height (CTTH), dgstdowithin the NWC SAF context, aims to
support nowcasting applications. This product dbotes to the analysis and early warning of
thunderstorm development. Other applications ineltiee cloud top height assignment for aviation
forecast activities. The product may also servanpst to mesoscale models or to other NWC SAF
product generation elements.

The CTTH product contains information on the cldog temperature and height for all pixels
identified as cloudy in the satellite scene.

Cloud top pressure or height are derived from thReibrightness temperatures by comparison to
simulated IR brightness temperatures computed fremperature and humidity vertical profiles

forecast by NWP using a IR radiative transfer mg&aITOV). Exact retrieval method depends on
cloud type as semi-transparency correction usimglow and sounding IR channels may be needed.

4.2 CLouD Top TEMPERATURE AND HEIGHT (CTTH) ALGORITHM DESCRIPTION

4.2.1 Theoretical description

4.2.1.1 Physics of the problem

Temperatures of the top of opaque clouds may beiadedlfrom the IR brightness temperatures
measured in window channels, by accounting folathesphere effect above the cloud. Their height
can then be retrieved from temperature profilesdast by NWP.

This does not apply to semi-transparent cloudsubrpsxel (fractional) clouds for two reasons: -the
IR brightness temperatures in window channels antaeninated by the underlying surface. -at least
two parameters (the effective cloudiness (cloudingsemissivity) and the top temperature)
contribute to the measured brightness temperataresmust be retrieved simultaneously. A multi-
spectral approach with relevant assumptions (saaticaid emissivities' dependence on wavelength)
is therefore needed.

4.2.1.2 Mathematical Description of the algorithm

The general scheme used to retrieve the CTTH fratallée imagery is first outlined; individual
retrieval techniques and general modules usedighmstheme are then detailed in the following
sections.

4.2.1.2.1 Algorithm outline

The algorithm has been designed to be applicabimagers on board meteorological geostationary
satellites. The imagers may have different sehahoels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3kimadir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
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of all IR channels and some solar channels, wiklesen as the default horizontal resolution. Solar
channels may be available at higher horizontalloéism (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tli@uttehorizontal resolution (high resolution chalsne
being averaged at this resolution). We use gefabiels in this document (for example, Ragfr?
Rad7.3im, Radl13.4am, T10.&m, T12.um (Rad and T stand for radiance and brightness
temperatures)), the exact central wavelengths ef dbrresponding channels depending on the
satellite. The list of available labels dependsttum satellite; the used and mandatory channels are
listed in 4.2.2.3.

The different steps of the processing, applied lmud:classified image at default horizontal
resolution (3km at nadir for MSG), are summarizetbty. The exact process applied to each pixel
depends on the availability of NWP and satellitagery data.

If all mandatory NWP and satellite data are avédédbee list of input for CTTH):

The following process is then applied:

* RTTOV radiative transfer model (Eyre, 1991) is aggblusing NWP temperature and humidity
vertical profile to simulate cloud free and ovetdqa$ouds successively on each vertical pressure
levels) radiances and brightness temperatures ifodow channels (108n, and 12.0m) and
sounding channels (full list in 4.2.2.3, g8, 7.3um, 13.4m for MSG/SEVIRI). This process is
performed in each segment of the image (the sizthefsegment is defined by the user, the
default value being 4*4 pixels). The vertical pledi used are temporally interpolated to the exact
slot time using the two nearest in time NWP fialtsut by the user.

* The techniques used to retrieve the cloud top presgepend on the cloud’s type (as available in
CT product):

» For very low, low or medium thick clouds: The clowagp pressure is retrieved on a pixel
basis and corresponds to the best fit between ithelated and the measured 3n8
brightness temperatures. The simulated brightnesgpératures are available at the
segment resolution. In case of the presence afrddeel thermal inversion in the forecast
NWP fields, the very low, low or medium clouds assumed to be above the thermal
inversion only if their brightness temperatures eokler than the air temperature below
the thermal inversion minus an offset whose valepetids on the nature of thermal
inversion (dry air above the inversion level or)not

» For high thick clouds: a method called the radearatioing method (see the next bullet
for further explanation of this method) is firstpdipd to remove any remaining semi-
transparency that could have been undetected gldhd type scheme. In case of failure,
the method defined for medium opaque clouds is épgried.

* For high semi-transparent clouds: The @a8infrared brightness temperatures are
contaminated by the underlying surfaces and cabmotised as for opaque clouds. A
correction of semi-transparency is applied, whigguires the use of two infrared
channels: the 108n window channel and a sounding (@2 7.3um, 13.4m for MSG)
channel. The basis is that clouds have a stromgpadt in a window channel than in a
sounding channel. The following process is implet@én

* The HO/IRW intercept method (as described in Schme#d.e1993), based on a
window (10.&m) and sounding (13#n, 7.3um or 6.2um for MSG) radiance bi-
dimensional histogram analysis, is first appliedehistograms are built in boxes
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of 32*32 pixels centred on each segment of the en@ghose size is defined by
the user, the default value being 4*4 pixels).hierefore allows the retrieval of
cloud top pressure at the segment horizontal ra@ealui.e., by default 4*4
pixels). This method is successively applied uding radiances of sounding
channels (7, 8m, 6.2um and 13.4m for MSG), the final retrieved cloud pressure
being the minimum cloud top pressures obtainedgusimgle sounding channel.

* If no result can be obtained with the®IRW intercept method, the radiance
ratioing method, as described in Menzel et al. 188then applied at a pixel basis
to retrieve the cloud top pressure from the raddamaf two channels: a window
channel (10.8m) and a sounding channel (for MSG, successivéyr, 6.2um
and 13.4m).

 If the radiance ratioing technique leads to claygtemperatures warmer than the
corresponding 1018n brightness temperatures, the method for thickidgois
used instead.

» For fractional clouds : No technique is proposedhi@ current version for low broken
clouds. The sounding channels are nearly unaffebtedroken low clouds and are
therefore useless; the infrared channels atpd9.8nd 12.0m are contaminated by the
surface and cannot therefore be used as for opdgues.

» A gap-filling procedure is applied in semi-tranggar cloud top pressure field: in each box of
32x32 pixels, a cloud top pressure is computechasaverage pressure of all pixels containing
semi-transparent clouds inside the current ancetblet surrounding boxes. This average cloud
top pressure is then assigned to all pixels ofcimeent box containing semi-transparent clouds
and having no retrieved cloud top pressure.

» Cloud top temperature and altitude (above sea)levelthen computed from their pressure using
general modules. During these processes, the abmospvertical profiles are temporally
interpolated to the exact slot time using the twanest in time NWP outputs fields.

» Effective cloudiness (defined as the fraction o# field of view covered by cloud (the cloud
amount) multiplied by the cloud emissivity in th8.8um window channel) is also computed
during the processing. It is equal to 1.0 for thabduds and takes a value between 0. and 1. for
semi-transparent clouds.

In case some mandatory NWP or satellite data aseingj (see list of inputs for CTTH):

Cloud top temperatures of very low, low, medium &igh clouds are then computed by applying a
climatological atmospheric absorption correctiortiie 10.8§im brightness temperature using look-
up tables. The cloud top pressure and height dreetréeved.

4.2.1.2.2 Cloud top retrieval techniques

4.2.1.2.2.1 Opaque Cloud Top Temperature retrieved from clinogfical atmospheric absorption
correction

This empirical technique allows retrieving the aotop temperature of opaque clouds on a pixel
basis, only using T10u8n brightness temperature. This technique is us®\P temperature and
humidity vertical profile or if mandatory satellithannels are missing.
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The cloud top temperature is calculated from th& i brightness temperature by adding an offset
that accounts for the atmospheric absorption. dfiget, which should be higher for low clouds and
high viewing angles, is estimated from a pre-coraguable with the 1018n brightness temperature
of the pixel (indicating the cloud height) and thewing angle as input.

This pre-computed table has been elaborated df-lusing RTTOV simulations: T1Qué
brightness temperatures have been simulated frasio-smundings from a ECMWF dataset
(Chevalier F., 1999) by assuming opaque cloudsadbws pressure levels in the troposphere. The
values of the pre-computed table have been regtdsse these simulations and are displayed in
Figure 35.

Atmospheric absorption above cloud in K

-2l
220 240 260 280 300 320
T10.8um in K

Figure 35: Climatological atmospheric absorptioredsto compute cloud top temperature from
10.8um brightness temperature

Pixels processed by this method are flagged abaaf tjuality”.

4.2.1.2.2.2 Opaque Cloud top pressure retrieved from windowncdleh brightness temperature

This technique allows retrieving the cloud top ptee of opaque clouds on a pixel basis. It is not
applied to low or medium clouds if a thermal invensis detected in forecast NWP fields (see

4.2.1.2.2.3). It relies on the support of on-lin@ TV simulations and therefore requires the

availability of the atmospheric vertical profileh@se atmospheric profiles are forecast by a NWP
model and temporally interpolated to the exact.sldte RTTOV simulations are computed on

segments whose size is defined by the user (bylde#d4 pixels).

Top of Atmosphere T108n brightness temperatures are simulated assumiaguepclouds at the
different pressure levels of the atmospheric valtprofile. These simulated T1@Q& brightness
temperature vertical profiles are then inspectedhfsurface level up to the tropopause level : two
consecutive pressure levels having simulated teatyes respectively higher and lower than the
T10.8um brightness temperature are looked for; the ctopdoressure is finally obtained by a linear
interpolation (logarithm of pressure used) betwiease two simulated temperatures.

The consistency of the technique is estimated iy retrieving the cloud top pressure from both
the T10.8im and T12.Qm brightness temperatures, the result being ideajiyal. The pixel will be
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flagged as of “bad quality” if the difference beewethe results obtained from these two wavelengths
is larger than 0.%C.

4.2.1.2.2.3 Low or medium opaque Cloud top pressure retrievednfwindow channel brightness
temperature in case thermal inversion

This technique allows retrieving the cloud top pree of low or medium opaque clouds on a pixel
basis, in case a thermal inversion has been ddtacterecast NWP fields. It relies on the suppdrt
on-line RTTOV simulations and therefore requiregs #ailability of the atmospheric vertical
profile. These atmospheric profiles are forecast &byNWP model, temporally and spatially
interpolated to the exact slot and to the procegsesl. The RTTOV simulations are computed on
segments whose size is defined by the user (byle#d4 pixels).

The cloud is set below the thermal inversion omlits T10.§1m brightness temperature is larger

than the air temperature below the inversion mitis (in case of subsident thermal inversion (see
the definition in 4.2.1.2.3.1)) or larger than gwnulated T10.8m brightness temperature below the

inversion minus 5K (in case of non subsident théimaersion). In that case, the cloud is set below
the inversion at a level between the top of thesison and the colder part below the inversion
depending on the strength of the inversion.

Otherwise, the cloud is set above the thermal Biwwar The method to retrieve its top pressure is
then similar to the one described in 4.2.1.2.2.th& difference between the T1arB brightness
temperature and the air temperature is larger fitih Otherwise, the cloud top is set at a level
between the level where simulated and observethtinegs temperature fits best and a level between
the top of the inversion and the colder level bemnvthe inversion.

Pixels processed by this method are flagged abaud Guality”. Moreover the presence of a thermal
inversion in the forecast vertical temperature ifga$ also flagged.

4.2.1.2.2.4 Semi-transparent Cloud Top Pressure retrieved usidgance ratioing technique

The radiance ratioing technique allows retrieviegngransparent cloud top pressure at a pixel scale
from radiances in two infrared channels, one o$¢hehannels being a sounding channel. It relies on
on-line RTTOV simulations and therefore requires #vailability of the atmospheric vertical
profile.

This technique is detailed in Menzel et al., 1983 basic equation of the method is the following:

le - Rlearl - Ngl(R)pl - I%Iearl)
Rm2 - Rlearz NEZ(R)pZ - I%Iearz)

Eqg. 1

where R, is the measured radianceyeRis the clear radiance (}Rs the opaque cloud radiance, N is
the cloud amount anglis the cloud emissivity. The terms of denominatamsboth side come from
the same channel (index 2) and the nominators thenother one of the pair (index 1).

Assuming that the ratio of the emissivities is elés one the equation becomes simpler:

R’nl_ Rbal’l - le_ Rleaﬂ
an - RlearZ Rapz - RlearZ

Eq. 2
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Both side of this equation depends on the chosanreis, surface temperature, vertical temperature
and absorbing material profiles. The right sideh& equation also depends on the cloud pressure
due to R, Consequently if we use a fixed surface tempeeatund vertical profiles, the right side
becomes a function depending on the pressureethsidle being a constant. The retrieved cloud top
pressure corresponds to the pressure that satisfi@s In practice the clear sky radianceg.Rare
either measured or simulated, the opaque clouémads R, are simulated values, while the, s

the measured data.

It has been implemented using the @B8window channel together with all the soundingroteds
(for MSG: 13.4m CQO, channels, 7/8m and 6.pm water vapour channels). It allows retrieving
cloud top pressure for semitransparent ice clondshégh thick clouds on a pixel basis. The process
is performed in several steps described below.

Simulation of the radiances

TOA infrared radiances of 1Qu& window channel and all sounding channels (for M$&4um,
7.3um and 6.pm) for clear atmosphere and for opaque clouds bws pressure levels have been
previously simulated with RTTOV.

Modification of simulated radiances

The method very much depends on the cloud free gadjue clouds values. As the simulated
radiances for the water vapour channels are niabtelenough (mainly due to the inaccuracy of the
atmosphere water vapour description by NWP moda@sgointed out in Nieman et al., 1993), the
following process is applied to modify them:

» modification of cloud free simulated radiances at&v vapour sounding channels (for MSG:
7.3um and 6.2m) : the cloud free radiances for these channel€amputed over the whole
image at the segment spatial resolution from cléwed individual pixels and pixels
containing opaque clouds too low to affect theseasueements. They are used instead the
simulated ones.

* modification of opaque simulated radiances of watgrour sounding channels (for MSG:
7.3um and 6.2m): the cloudy radiances for these channels arefreddo account for the
discrepancy between the simulated and observedd di@e radiances: the radiances for
clouds at the tropopause remain unchanged, tharmeek for the lowest clouds are replaced
by the cloud free observed radiance, whereas ttdificetion for the other clouds is linearly
linked to its 10.8m radiance. This modification is performed onlytifeads to an increase
of the simulated radiances.

* modification of cloud free simulated radiancesha# 1.0.8im window channel and the CO2
sounding channel (for MSG: 13is ): cloud free radiances for these channels amgpoted
over the whole image at the segment spatial rasaldtom cloud free individual pixels.
When available, these observed cloud free valygace the simulated ones.

Calculation of the cloud top pressure

Using the simulated and the measured radiancesaleglate the simulated ratio as a function of the
cloud top pressure (right side of Eq.2), and thesueed ratios (left side of Eq.2). The retrieved
pressure level corresponds to this difference etaero. This is illustrated on Figure 36 with

SEVIRI measurements.
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Figure 36: lllustration of the Radiance Ratioingkmique applied to SEVIRI radiances.

Examples of measured minus simulated ratios asdaifun of the pressure level. The cloud top pressavel
corresponds to the crossing of the curves withXtais. The three curves corresponds to differbanoel pairs :
10.8um/13.4um (dash-dot), 1048n/7.3um (long dash), 108n/6.2um (dot)

Calculation of the cloud effective cloudiness

The cloud effective cloudiness §Nis calculated from the 1Qué& window radiance, using the
retrieved cloud pressure.

Rejection
The retrieved cloud pressure is assumed to beiablkeln the following cases :

» the difference between the measured and the sietbitdéar sky radiances R Reea) IS
within three times the instrument noise level.

» the difference between the retrieved and measwaéidnces is larger than 30% of the
difference between the simulated and measuredneeia

Quality flag

The pressure retrieval is flagged as of “bad qyiallit

» the cloud free cluster is derived from simulation.
» the retrieved radiances are higher than measuresl on

This technique is very much sensitive to the ndespecially for very thin clouds), and to the
inaccuracy of the water vapour channel simulatedareces (if 7.pm or 6.21m channels are used),
due to bad water vapour forecast.

4.2.1.2.2.5 Semi-transparent Cloud Top Pressure retrieved usia@/IRW Intercept method

The HO/IRW intercept method is described Schmetz etl&93. It is successively applied to the
10.8um window channel and one sounding channel (for M&8@er 6.2am, 7.3um or 13.41m), the
final retrieved cloud pressure being the averagedidc top pressures obtained using a single
sounding channel. This method is based on a raglidigtogram analysis (see Figure 37). The
histograms are built in boxes of 32*32 pixels cedton each segment of the image (whose size is
defined by the user, the default value being 4*fels). It therefore allows the retrieval of
semitransparent ice cloud top pressure at the ssghwizontal resolution (i.e., by default 4*4
pixels). It makes use of on-line RTTOV simulaticersd therefore requires the availability of the
atmospheric vertical profile.
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NWC SAF

The fundamental assumption of the method is theretls a linear relationship between radiances in
the two spectral bands observing a single clouérlain particular, all pairs of radiances in the
sounding (for MSG: 6j2m, 7.3um or 13.4um) and 10.8m window channels viewing a cloud layer
at pressure gwill lay along a straight line, the spreading aadhe line corresponding to changes in
cloud amounts. On the other hand, the pairs ofaradis in the 108n window channel and
sounding channel (for MSG: @i, 7.3um or 13.41m) for opaque clouds at different pressure levels
will lay along a curve that can be calculated frilra atmospheric vertical structure using RTTOV
radiative transfer model. Therefore, the cloudpogssure for semitransparent ice clouds is retieve
as the intersection between the linear fit to theeovations and the simulated opaque cloud curve.
This is illustrated with SEVIRI radiances on Fig@2&
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Figure 37: lllustration of the KD/IRW intercept method with SEVIRI radiances (esged in mWm
%sricm).
The dashed curve simulates the 1@a8and 6.2m (respectively 7.3 and 13u#h) radiances of opaque clouds at various pressuetsl
The small crosses represent radiance of cloutteatame height, but with varying thickness, amdrédiance of cloud free pixels.
The top pressure of the semitransparent cloud layetrieved from_ thLT' intersection between theusated curve (dashed curve) and the
regression line.

The process is performed in several steps detbééxlv :

Simulation of window and sounding channels radiance

TOA infrared radiances of the 1u® window channel and all sounding channels (for MSG
13.4um, 7.3um and 6.pm) for clear atmosphere and for opaque clouds abws pressure levels
have been previously simulated with RTTOV.

Modification of simulated radiances
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As the method very much depends on the opaque <lealdies, and as these simulations for the
water vapour channels are not very reliable (madhig to the inaccuracy of the atmosphere water
vapour description by NWP models, as pointed olieman et al., 1993), the following process is

applied to modify the simulated values :

* modification of cloud free simulated radiances\i@ter vapour channels (for MSG: jdr8
and 6.21m): cloud free radiances for these channels arepated over the whole image at
the segment spatial resolution from cloud freeividdal pixels and pixels containing
opaque clouds too low to affect these measurem&hesy are used instead the simulated
ones.

* modification of opaque simulated radiances for wasgpour sounding channels (for MSG:
7.3um and 6.2m): the cloudy radiances for these channels arefreddo account for the
discrepancy between the simulated and observed di@me radiances : the radiance for
clouds at the tropopause remain unchanged, tharmeelifor the lowest clouds are replaced
by the cloud free observed radiance, whereas ttdificetion for the other clouds is linearly
linked to its 10.8m radiance. This modification is performed onlytifeads to an increase
of the simulated radiances.

Calculation of the cloud top pressure

A straight line is adjusted, using the radiancesr@ sounding channel (for MSG: 13w, 7.3um

or 6.2um) and the 108m window channel of all pixels previously clasgifias semitransparent,
high thick clouds or cloud-free. The intersectidnhos straight line with the opaque cloud curvél wi
give the cloud top pressure. This process, illtstran Figure 37, is successively applied to al th
sounding channels (for MSG: [ud, 6.2um and 13.4m). When cloud top pressure can be obtained
from more than one sounding channel, the finaliee#d cloud top pressure corresponds to the
minimum value obtained with the individual sounduoigannels.

Calculation of the effective cloudiness

The effective cloudiness @) of each pixel is calculated from the radianceha 10.§im window
channel, using the retrieved cloud pressure.

Rejection

The retrieved cloud pressure is assumed to beiableln the following cases :

* unreliable regression :
0 too few pixels (less than 50)
o too low spread of the pixels in the 18 channel is observed (less than 15 m¥m
sr* cm between the 1Quén radiance of the coldest and the warmest pixels)
0 too low correlation coefficient (lower than 0.7)

* not adequate regression line :
o slope of the regression line too small
0 regression line too close to opaque cloud curve

If no intersection has been found, but if the regi@n seems reliable (large number of pixels (more
than 100), large spread of the pixels in the i&hannel (more than 23 m\Wnsr* cm between
the radiance of the 1Qu& window channel of the coldest and the warmeslp)xlarge correlation
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coefficient (larger than 0.9), large regressiondps), then the cloud top pressure is assumed to be
the tropopause’s pressure minus 50hPa, but tHevaltis flagged as bad quality.

Quality flag

The pressure retrieval is flagged as “good quality”

* The final cloud top pressure is a minimum valueaot#d from at least two sounding
channels, the maximum difference between each iohei cloud top pressure being less
than 75hPa.

» The final cloud top pressure is obtained usingiglsisounding channel, but:

* a high number of pixel is used in the regressioarénthan 100 pixels),

« alarge spread of the pixels in the 10r8channel is observed (more than 23 m¥\sn'
cm between the 108n radiance of the coldest and the warmest pixels),

» a high correlation coefficient is observed (lartfem 0.8)

4.2.1.2.3 General modules

4.2.1.2.3.1 Identification and characterisation of thermal imsmns from forecast NWP fields

The NWP forecast air temperature and relative hiynah user-defined pressure levels are analysed
as follows to identify and characterize thermakirsions:

* athermal inversion is detected if layers exisiveein the surface and 700hPa where the air
temperature increases with decreasing pressure.

« this thermal inversion is said "subsident” if tredative humidity between 850 and 600hPa is
lower than 30%.

4.2.1.2.3.2 Tropopause height estimation

The pressure and height of the tropopause is é&ttdfoom a vertical profile (temperature, height
and pressure), the ground height and the latitie.tropopause estimation is mainly based on the
WMO definition of the tropopause : the lowest le{ebove 5000m) corresponding to a temperature
decrease of less thari@km during 2km. A maximum height of the tropopaleseel is assumed
(20km at the equator, 12-13km at the poles) to kltee result’s coherency.

4.2.1.2.3.3 Application of RTTOV to vertical atmospheric presil

The RTTOV simulations are performed by NWC/GEO camnsoftware modules and are used to
compute brightness temperatures and radiance® ditiulated channels for cloud-free atmosphere
and assuming opaque clouds on user-defined pregsuets. OSTIA SST analysis is used over
ocean instead the NWP skin surface temperature.

4.2.1.2.3.4 Cloud Top altitude (above sea level) retrieved fitspressure

A module is used to compute the altitude verticaffife from the corresponding vertical profile of
pressure, temperature & water vapour mixing réte, surface height and the latitude. The cloud
altitude (above sea level) is then interpolateshgishe height of the two nearest pressure levels in
the vertical profile. The interpolation used iselam in logarithm of the pressure.

4.2.1.2.3.5 Cloud Top Temperature retrieved from its pressure
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A vertical temperature profile in pressure levalsieeded in this process. The cloud temperature is
interpolated using the temperature of the two rstgpeessure levels in the vertical profile. The
interpolation used is linear in logarithm of thegsure.

4.2.2 Practical considerations

4.2.2.1 Validation

Table 8 summarises the validation results of theet version for CTTH. More details can be
obtained from the validation report for cloud protu¢rb.1.)).

GEO-CTTH products Validated accuracy: bias(std)
Top height of opaque low, mid-level and high cloud
If validated over full disk using satellite-baséidar -0.49km(0.99km)
If validated over full disk using satellite-baseadar -0.35km(0.82km)

Top height of semi-transparent cloud

If validated over full disk using satellite-basédar -1.44km(1.97km)

If validated over full disk using satellite-basediar 0.21km(1.88km)

Table 8: Summary of validation results of the cotr€TTH version (std stands for standard
deviation)

4.2.2.2 Quality control and diagnostics

A quality assessment, detailed in 4.2.1.2.2, idopered by the CTTH itself through methods
depending on the cloud type and the used retriecahiques.

Two CTTH output fields are used to describe theliuand processing conditions (see in 4.2.2.4
and[rD.2.])). They include the quality assessment performethbyCTTH, but also information on
the lack of NWP fields, RTTOV simulations or satellnon mandatory channels which leads to a
decrease of CTTH quality. Information is also aadaié on the method used (especially for semi-
transparent clouds) which can be associated wilidateon results (see the validation results for
cloud products[RD.1.])).

4.2.2.3 List of inputs for Cloud Top Temperature and Height (CTTH)

The input data to the CTTH algorithm are descrilvethis section. Mandatory inputs are flagged,
whereas the impact of missing non-mandatory dath@processing are indicated.

¢ Satellite imagery:

The following satellite brightness temperatures aadiances are needed at default horizontal
resolution (3km at nadir for MSG):

Rad6.2um | Rad7.3um | Rad13.4um | Rad10.§um | T210.8um T12.0um

At least one of these channels is mandatpryylandatory Mandatory Optional
the two others are then optional
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The CTTH software checks the availability of satielbrightness temperatures and radiances for
each pixel. Full CTTH product is computed only lif mandatory satellite radiances and brightness
temperatures are available. If T1@8 brightness temperature is missing, no resulvalable. If
T10.8um brightness temperature is available, but mangatwannels are missing, only the cloud top
temperature is computed using the method based liomtological atmospheric absorption
correction.

The satellite channels are input by the user inestgd format (HRIT for MSG), and extracted on
the processed region by NWC/GEO software package.

¢ CMA and CT cloud categories

The CMA and CT cloud categories are mandatory. Taey computed by the CMA and CT
software.

o Satellite angles associated to satellite imagery

This information is mandatory. It is computed bg @@TTH software itself, using the definition of
the region and the satellite characteristics.

e NWP parameters

The forecast fields of the following parameterspapped onto satellite images, are used as input :

o surface temperature

surface pressure

air temperature and relative humidity (alternatnveééw point temperature) at 2m

air temperature, relative humidity and geopoterdravertical pressure levels
tropopause temperature, pressure and geopotential

altitude of the NWP model grid (alternatively swdageopotential on the NWP model
grid). Required if NWP fields are used as input.

O O 00O

Vertical pressure levels on which air temperatund aumidity are defined by the user. All the
surface and near-surface NWP informations and &t IBIWP informations every 210hPa on the
vertical are mandatory to get full CTTH product.h®twise only the cloud top temperature is
retrieved using the method based on climatologit@ospheric absorption correction. Furthermore,
it is recommended to provide NWP information onelevat least up to 100hPa to ensure a good
height retrieval quality for very high clouds.

These remapped fields are elaborated by the NWiW/aid package from the NWP fields input by
the user in GRIB format.

¢ RTTOV simulations:

The following parameters simulated by RTTOV areduae input for 1048m and 12.Qm window
channels and all sounding channels (for MSGp#n2 7.3um and 13.4um)

* Clear sky top of atmosphere radiance

e Transmittance from surface to TOA

e Clear sky downwelling radiance

* Clear+cloudy TOA radiance for given cloud top pteesand fraction (run RTTOV with

black cloud at surface level)
* Level to space overcast radiance given black cfoudach vertical level defined by the user
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These remapped fields are elaborated by the NWC/&&itWware package by applying RTTOV to
the NWP fields input by the user in GRIB format.

The RTTOV simulations are mandatory to get full GlI'product. Otherwise only the cloud top
temperature is retrieved using the method basedclonatological atmospheric absorption
correction.

e OSTIA fields:
The following parameters are used as input:
e OSTIASST

High resolution global daily bulk SST fields (OSTlAre input by the user who can obtain them
from MyOcean service desk (see http://www.myoceaanrg). They are used in conjunction with
RTTOV simulations.

These OSTIA fields are not mandatory: if not avadathe RTTOV simulations will be performed
using NWP skin surface temperature.

¢ Ancillary data sets:

The following ancillary data, remapped onto satelinages, are mandatory :

0 Land/sea atlas
o Elevation atlas

0 Monthly minimum SST climatology

o Monthly mean 0.6m atmospheric-corrected reflectance climatologgd)a

0 Monthly thermal emissivity at IR wavelength

These ancillary data are available in the NWC saférpackage on a global scale; a SAFNWC tool
allows their remapping on full disk for each newuedige; they are finally extracted on the procekse
region by the CTTH software itself.

One coefficients’s file, containing satellite-dedent values and one look-up table for
climatological atmospheric absorption correctiaavailable in the NWC software package, and is
needed by the CTTH software.

e Configurable parameters:

The following parameter is configurable in the déf&£TTH model configuration file:

» CTTH_SZSEG: the size of the segment is configurgdbée its definition in 4.2.2.6). Its
default value is 4. Information on how to change #ize of the segment can be found in
section 4.2.2.6 and in the software user marnsaly(]).

4.2.2.4 Description of Cloud Top Temperature and Height (CTTH) output

The content of the CTTH is described in the DatapOuFormat documentrp.2.]), a summary is
given below:
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Container Content

GEO-CTTH SAFNWC GEO CTTH Cloud Top Pressure
_PRES
GEO-CTTH_PRES(Pa) = scale_factor * Counts + addebf
where:
scale_factor =10.0
add_offset =0.0

GEO-CTTH SAFNWC GEO CTTH Cloud Top Altitude
_ALTI
GEO-CTTH_ALTI(m) = scale_factor * Counts + add saff
where:
scale_factor =1.0
add_offset =-2000.0

GEO-CTTH SAFNWC GEO CTTH Cloud Top Temperature
_TEMPE
GEO-CTTH_TEMPE(K) = scale_factor * Counts + addsef
where:
scale_factor =0.01
add_offset =130.0

GEO-CTTH SAFNWC GEO CTTH Cloud Effective Cloudiness
_EFFECTIV
GEO-CTTH_EFFECTIV = scale_factor * Counts + addseif
where:
scale_factor =0.01
add_offset =0.0

GEO-CTTH 14 bits indicating (if set to 1)

_METHOD Bit O: Cloud-free

Bit 1: No relieable method

Bit 2: Opaque cloud, RTTOV not available

Bit 3: Opaque cloud, using RTTOV

Bit 4: Opaque cloud, using RTTOV, in case thermsaeérsion
Bit 5: Intercept method 10u8n/13.4um

Bit 6: Intercept method 10u8n/6.2um

Bit 7: Intercept method 10u8n/7.0um

Bit 8: Intercept method 10u8n/7.3um

Bit 9: Radiance ratioing method 1{u@&/13.41m

Bit 10: Radiance ratioing method 1Qr&/6.2um

Bit 11: Radiance ratioing method 1Q80um

Bit 12: Radiance ratioing method 1Qr&/7.3um

Bit 13: Spatial smoothing (gap filling in semi-tsgrarent cloud field)

GEO-CTTH 6 bits indicating (if setto 1)

_status_flag Bit O: Cloud-free

Bit 1: Low level thermal inversion in NWP field
Bit 2: Opaque clouds

Bit 3: Fractional clouds : no retrieval method
Bit 4: Too thin clouds : no retrieval method

Bit 5: Multilayer suspected
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Geophysical Conditions
Field Type Description
Space Flag Set to 1 for space pixels
[llumination Parameter | Defines the illumination ddion
0: N/A (space pixel)
1. Night
2. Day
3:  Twilight
Sunglint Flag Set to 1 if Sunglint
Land_Sea Parameter 0: N/A (space pixel)
1: Land
2: Sea
3 Coast
Rough_terrain Flag Set to 1 if rough terrain
High terrain Flag Set to 1 if high terrain
Processing Conditions
Field Type Description
Satellite_input_data Paramete Describes the 8atielput data status
0: N/A (space pixel)
1: All satellite data are available
2: Atleast one useful satellite channel is migsin
3: Atleast one mandatory satellite channel isimgs
NWP_input_data Paramete Describes the NWP ingatstatus
0:  N/A (space pixel or NWP data not used)
1: Al NWP data are available
2:  Atleast one useful NWP field is missing
3: Atleast one mandatory NWP field is missing
Product_input_data Paramete Describes the Pragudt data status
0:  N/A (space pixel or Auxiliary data not used)
1. Allinput Product data are available
2:  Atleast one useful input Product is missing
3: Atleast one mandatory input Product is missing
Auxiliary_input_data Parametenn  Describes the Aawyliinput data status (includes products useq
input to PGE)
0:  N/A (space pixel or Auxiliary data not used)
1. All Auxiliary data are available
2:  Atleast one useful Auxiliary field is missing
3: Atleast one mandatory Auxiliary field is misgi
Quality
Field Type Description
Nodata Flag Set to 1 if pixel is NODATA
Internal_consistency Flag Set to 1 if an intermahgistency check has been performed. Inte|
consistency checks will be based in the comparisothe retrieved
meteorological parameter with physical limits, @tmlogical limits,
neighbouring data, NWP data, etc.
Temporal_consistency Flag Set to 1 if a temporabstency check has been performed

Temporal consistency checks will be based in theparison of the
retrieved meteorological parameters with data abthiin previous

rnal

slots.
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Quality Parameter | Retrieval Quality
0:  N/A (no data)
1: Good
2:  Questionable
3: Bad
4. Interpolated

4.2.2.5 Example of Cloud Top Temperature and Height (CTTH) visualisation

It is important to note that the CTTH product i just images, but numerical data. At first harma, t
CTTH is rather thought to be used digitally (togetlwith the appended quality flags) as input to
mesoscale analysis models, objective Nowcastingrsel, but also in the extraction of other NWC
SAF products.

Colour palettes are included in CTTH NetCdF fildmis allowing an easy visualisation of cloud top
pressure (as illustrated with the SEVIRI exampleFoyure 38), height, temperature and effective
cloudiness.

The product, if used as an image on the forecassk, may be visualized (together with CT) in an
interactive visualisation system, where individpedel values (top temperature, height and pressure,
cloudiness) may be displayed while moving the maysz the image.

LO00-1050

SAFMUC PGEOD3

Figure 38: Example of SEVIRI CTTH cloud top pressur
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4.2.2.6 Implementation of Cloud Top Temperature and Height (CTTH)

CTTH is extracted by PGEO3 (GEO-CTTH) componenttitd NWC/GEO software package.
Detailed information on how to run this softwareckage is available in the software user manual
([RD.3.).

When a new region is defined the user has now taually prepare the CTTH model configuration
files for this new region using a default CTTH mbdenfiguration file provided in the NWC/GEO
software package. The following parameter is camagle in the default CTTH model configuration
file:

e CTTH_SZSEG (default value: 4): the size of the sexgniSegments are square boxes in the
satellite projection, whose size is expressed astimber of default horizontal resolution pixel&nBat
nadir for MSG) of one edge of the square box. 3ike of the processed regions must be a multipteeof
segment size. The NWP model forecast values andQRTSEimulations will be derived over all the
processed regions at the horizontal resolutionhefdegment. A small ctth_szseg will decrease the bo
aspect in the retrieved cloud top pressure and hellespecially useful if the NWP fields have a high

horizontal resolution. But it may become very tioemsuming as RTTOV is launched every segnhent.

The CTTH execution step is automatically launchgdhe Task Manager (if real-time environment
is selected).

4.3 ASSUMPTIONS AND LIMITATIONS

The following problems may be encountered:

CTTH will be wrong if the cloud is wrongly classfi:

o Underestimation of cloud top height/pressure fanisgansparent clouds classified
as low/medium

o Over estimation of cloud top height/pressure fow/toedium clouds classified as
semi-transparent

No CTTH is available for clouds classified as fracal.

CTTH may be not computed for thin cirrus clouds.

Retrieved low cloud top height may be overestimated
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5 DESCRIPTION OF CLOUD MICROPHYSICS (GEO-CMIC) PRODUCT

5.1 CLouD MicroPHYsICS (CMIC) oOVERVIEW

The cloud mycrophysics (CMIC), developed within th&/C SAF context, mainly aims to support

nowcasting applications. The main objective of finsduct is to provide detailed information on the
cloud microphysics. It may be used as input to lgjeaive meso-scale analysis (which in turn may
feed a simple nowcasting scheme), as an interneeghiedduct input to other products (such as
precipitation), or as a final image product forpliy at a forecaster’'s desk. The CMIC product is
useful for the identification of precipitation cldsi and useful for characterisation of rapidly
developing thunderstorm.

The CMIC product contains information relevant be tcloud top (thermodynamical phase, cloud
particle size) or integrated on the full verticatent (optical depth, liquid and ice water path).

The CMIC retrieval algorithm first retrieves theetmodynamical phase through an empirical use of
T8.7um-T10.8um, T10.&m and the CT cloud type itself complemented (ahlying daytime) by

an combined analysis of the measured and simuapen and 1.im reflectances. The additional
microphysics parameters are obtained only in daytioonditions through the comparison of
measured and simulated @6 and 1.6im reflectances.

5.2 CLouD MICROPHYSIC (CMIC) ALGORITHM DESCRIPTION

5.2.1 Theoretical description

5.2.1.1 Physics of the problem

The cloud microphysics retrieval is based on ttieviong features:

 The T8.um —T10.8&m brightness temperature differences are sensdivieermodynamical
phase, being larger for ice clouds than for wateuds; the reason is the respective water
and ice absorption at §iih and 10.Am nearly equal at 8gim but larger for ice at 10.8n.

* The reflectance of clouds at a non-absorbing wawghein the visible region (O.6n) is
strongly related to the optical thickness and hidle dependence on particle size, whereas
the reflectance of clouds at an absorbing wavelengthe near-infrared region (L) is
primarily related to particle effective radius ¢lar for ice clouds than for water clouds).

The algorithm is applied to cloudy pixels which ¢éyand height are obtained from CT and CTTH.
The algorithm requires simulated cloud |16 and 1.m reflectances obtained from tabulated
DISORT cloud radiative properties.

5.2.1.2 Mathematical Description of the algorithm

5.2.1.2.1 Algorithm outline :

The algorithm has been designed to be applicabimagers on board meteorological geostationary
satellites. The imagers may have different sehahoels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3imadir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
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of all IR channels and some solar channels, wiklesen as the default horizontal resolution. Solar
channels may be available at higher horizontalloéism (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tli@uttehorizontal resolution (high resolution chalsne
being averaged at this resolution). We use genebels in this document (for example, Tj@T,
T10.8um, RO.um, and R1.gm), the exact central wavelengths of the correspgngdhannels
depending on the satellite. The list of availalaleels depends on the satellite; the list of mamyato
channels is listed in 5.2.2.3.

The cloud top phase is first retrieved by an eroplruse of T8.dm-T10.§1m, T10.§m and the CT
cloud type itself complemented by an combined aslyf 0.um and 1.fm measured and
simulated reflectances, as summarized below:

e Warm (respectively cold) opaque clouds are supposedbe constituted of water
(respectively ice) particles, whereas the tempegatange between 0°C and —40°C may
correspond to both (or a mixture) of water or it®ids.

* Cloud classified as semi-transparent in CT cloyzktare supposed be constituted of ice
particles. Cloud classified as fractional may cspand to thin cirrus or sub-pixel low
clouds; their retrieved cloud phase is therefotéwsedefined”.

» Water clouds usually have low T@&mM-T10.8um and ice clouds rather high values. Simple
viewing angle-dependant thresholds subjectivelyingeff from SEVIRI observations are
applied to identify obviously water or ice clouds.

» If the cloud top phase is still not determined, tdwnparison of observed and simulated
0.6um and 1.6um reflectances for cloudy pixels mayvaltetrieving the cloud top phase
(but ambiguous situations may still exists).

Once the cloud phase has been determined, theabgépth and the particle size are obtained using
the measured and the simulatedutand 1.6m reflectances. Finally liquid and ice water path a
obtained by empirical formula.

The different steps are described in following e

5.2.1.2.2 Cloud 0.um and 1.¢um reflectances simulations

Cloud 0.um and 1.6m reflectances are simulated by assuming a sdanépparallel ice and water
clouds (radiative properties obtained from LUT coteol from DISORT) at an given altitude
(obtained from CTTH) embedded in an atmospherec(desl from NWP fields: water vapour
content (above and below the cloud layer), integtabzone content) and above a surface
(characteristics obtained from monthly climatolayer land or constant value over sea).

The simulation is performed through the followirguation:

P=T2ad Pod + Ps*(T b+ Toa) *T a* (T 208 T 229/ (1.00s* Pra* T 209 Where

-p is the simulateflectance

-Tonc and hac are two-path atmospheric transrarssibove or below the cloud

-Ps is the surfacdeetance

- Pods To s Tiwd» Td, Pra @re cloud radiative properties (including Raylesgattering)
availabheliUT

The different steps are described in the follonsnpsections:

5.2.1.2.2.1 Computation of cloud radiative properties from DD
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Cloud radiative properties are computed apihénd 1.¢um for a set of ten water clouds and eight
ice clouds for a wide range of geometries and cloptical thickness (see Table 9). These
computations performed off-line are stored in Lagik-Table (LUTS) available in the NWC/GEO
software.

Water cloud scattering properties are computedl&safs:

the refractive index database are described in HiateQuery, 1972, Palmer and Williams,
1974 and Downing and Williams, 1976 depending @whvelength.

the water clouds scattering properties are compusgag a program (Make_mie_table by
Franck Evans 2003) from SHDOM software package.

the droplet size distribution is a Gamma distribatwith veff=0.1111, maximum size from
30 to 75 micron (depending on effective radiugiscretization depending on radius.

single scattering albedo and extinction coeffitsefmormalized by extinction coefficient at
0.55um) are computed together with the phase functigoressed in Legendre moments
(number of moments depending on wavelength andcfggize, up to 1560 moments for
0.6um channel for 30 microns effective radius).

the computation is performed for a given wavelkrdjscretization (ex: every 0.Qfn for
visible channels) and then averaged over the hdaed f

Ice cloud scattering properties are computed d@wsl

the 2012 Baum dataset from CIMSS (Baum et all, 204 21sed. This dataset contains ice
scattering properties (single scattering albedaoinetton coefficient, phase function) at a
high spectral resolution (every 00t between 0.2 and 1%ufh) for particle effective
diameters ranging from 10 up to 120 micrometerp(st&micrometer). Three ice cloud
datasets are available: “smooth”, “moderately_rdutgeverely _rough”, the latter has been
chosen.

the computation of ice cloud scattering properfies a spectral band is performed by
averaging the scattering properties from the Baataset over the band filter.

the moments of the averaged phase function are theained using an idl program
(pmom.pro). 8192 moments are retained.

The cloud radiative properties are computed usilf®RT2.0:

the cloud radiative properties are computed byrasgsy a single plane-parallel cloud layer
embedded in a two-layer Rayleigh scattering atmesphsing DISORT?2.0 (32 streams (48
for diffuse quantities)) with water or ice cloudagiering properties obtained as explained
above. The rayleigh scattering effect from the tager above and below clouds (set at
700hPa) is included. The settings for the DISORMuations are described in Table 9.

The cloud radiative properties computed and storesok-Up Table (LUTS) are:

*  Ppg beam directional reflection

* T, beam direct transmission

* Tpg beam diffuse transmission

Ty diffuse transmission

e pg diffuse reflexion flux

Wavelengths VIS0.6 and NIR1.6
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Illumination and Viewing Angles

Solar Zenith Angle (Uo): 31 values from 0.0 to 90.0 (regular step: 3.0)
Viewing Zenith Angle (l): 31 values from 0.0 to 90.0 (regular step: 3.0)
Relative Azimuth Angle (): 31 values from 0.0 to 90.0 (regular step: 3.0)

Cloud Properties

Water Droplets: Mie theory

r.=3.0, 6.0, 9.0, 12.0, 15.0, 18.0, 21.0, 24.0, 27.0, 30.0 pm
Ice Particles: Obtained from Baum.

D. = 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0 um
Optical Depths: 0.0625,0,125,0.25,0.50,1,2,3,4,8,16,32,64,96,128,256

Table 9 Settings used for the radiative transtdcalations by DISORT to generate the LUTS.
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Figure 39 lllustration of the simulation of Q& and 1.8m cloud reflectances for a selection of
water (in orange) and ice (in blue) cloud modelsd@iven oceanic location (fixed viewing angles
and surface cloud-free reflectances).

5.2.1.2.2.2 Atmospheric contribution

Two-path atmospheric gaz transmissions above awbéhe cloud are computed separately for
ozone, water vapour and constant gazes. The metiodompute the transmittance for these gazes
from regression (fitted with 6S). The final formeléor the transmission are the following:

T2ac(Q) = exp[ al+a2*(AMF*uQ@)+a3*(AMF*u0s)? ] (above cloud)

T2bc(Q) = 1.0 (below cloud)

T2ac(HO)= exp[ b1+b2*(AMF*u_aHO)+b3*(AMF*u_aHZO)2] (above cloud)
T2bc(HO)= exp[ b1+b2*(AMF*u_bHO)+b3*(AMF*u_bH,0)*] (below cloud)
T2ac(constant_gaz) = exp[ (c1+c2*(AMF)+c3*(AMF¥ Pc/1013] (above cloud)
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T2bc(constant_gaz) = exp[ (c1+c2*(AMF)+c3*(AMFY (1.0 - Pc/1013] (below cloud)

Where AMF=(1/cos(tetasat)+1/cos(tetasol)) is theraiss factor (tetasat and tetasol are satellde an
solar zenith angles)

u_abD (u_bH20) is the water vapour content above (bedpw) cloud (in kg/m2)

u_Q is the ozone content (assumed above cloud) (bsbo)

Pc is the cloud top pressure (in hPa)

al, a2, a3, bl, b2, b3, c21, c2, c3lmeegression coefficients (see value for MSG2)

Ozone al a2 a3

0.6um 6.00476*10° -8.13008*10° 4.1343*10"°
1.6um 0.0 0.0 0.0

Water vapour bl b2 b3

0.6um -0.00144223 -0.000141195 1.11101¥10
1.6um -0.00273443 -0.000161682 1.24263%10
Constant gazes cl c2 c3

0.6um -0.000662925 -0.000415767 1.49941*10
1.6um -0.00662784 -0.0110764 0.000261246

Table 10 The regression coefficients for MSG2

The Rayleigh scattering is included in the compaiabf the cloud radiative properties LUT (see
5.2.1.2.2.1).

5.2.1.2.2.3 Surface characteristics

Surface reflectances are needed for the simulatio®.6um/1.6um cloudy reflectances. Over
continental areas, they are derived from MODIS eAsity surface albedo monthly climatologies
available from NASA [ittp://modis-atmos.gsfc.nasa.gov/ALBEDO/index.htmlhese white sky
albedos represent bi-hemispheric reflectances witlibe direct component which is a good
approximation of the surface albedo below a cloDder sea, constant values are used: 3% (at
0.6um) and 1% (at 16m).

5.2.1.2.3 Retrieval scheme in night-time of twilight condit®

The cloud phase retrieval is only based on theoti€T cloud type and on the T@uh and T10.Am
brightness temperatures. The algorithm logic isSsehlewing:

e If CT cloud type is fractional : cloud phase is tetindefined
e If CT cloud type is semi-transparent (thin, meditinick or above) : cloud phase is set to ice
e If CT cloud type is opaque cloud:
o If T10.8um>273.15K : cloud phase is set to liquid
0 If T10.8um<233.15K : cloud phase is set ice
0 [f233.15K<T10.8mm<273.15K:
= If T8.7um-T10.8um<-1.5-(1./coHsa)-1) (in K) : cloud phase is set to liquid
= |f T8.7um-T10.8um>-0.8(1./coHs)-1) (in K) : cloud phase is set to ice
= |f -1.5-(1./c0SBsa)-1) < T8.um-T10.8uim < -0.8(1./coHsa)-1) : cloud phase is set to
mixed

The other microphysical parameters are not compuatedhttime or twilight conditions.
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5.2.1.2.4 Retrieval scheme in daytime conditions

The cloud phase retrieval is based on the use efCh cloud type, the T8im and T10.Am
brightness temperatures, complemented if needed bgmbined analysis of the measured and
simulated 0.gm and 1.Gm reflectances. It is essential to use well catdated.um and 1.Gm
reflectances: calibration coefficients providedkdyMI (see Meirink et al., 2013) are used.

Cloud phase retrieval using CT cloud type, the fiBiand T10.Am brightness temperatures:

e If CT cloud type is fractional : cloud phase is teetindefined
e If CT cloud type is semi-transparent (thin, meditinick or above) : cloud phase is set to ice
e If CT cloud type is opaque cloud:
o If T10.8um>273.15K : cloud phase is set to liquid
0 If T10.8um<233.15K : cloud phase is set to ice
o [1f233.15K<T10.81m<273.15K:
= |f T8.7um-T10.8um<-1.5-(1./coHs4)-1) (in K) : cloud phase is set to liquid
= If T8.7um-T10.8um>-0.8(1./coHs)-1) (in K) : cloud phase is set to ice
= |f-1.5-(1./coSBsy)-1) < T8.um-T10.8um < -0.8(1./codHs,)-1) : cloud phase is the cloud
phase retrieved from Qué and 1.6m reflectances (see below)

Cloud phase retrieval using measured and simuld@dn and 1.@m reflectances (illustrated in
Figure 40):

* As a first step, the particle size and optical kh&ss are estimated by a comparison of measured and
simulated 0.am and 1.6m reflectances (assuming a water cloud). Simuleefldctances are obtained as
explained in 5.2.1.2.2 and depends on viewing anglerface reflectances (known values only dependan
on the location and time of the day), atmospheetesfrom forecast NWP), cloud top height (proddsy
CTTH), and particle size and optical thickness (ditias to be retrieved). This step is straightfars
except if the 1.am reflectances does not regularly decrease witlintreasing particle size which may be
the case for low cloud optical thickness.

e The ideal case is that for a given 6 reflectances the simulated 6 reflectances for water clouds are
larger than those for ice clouds. The simple coisparof the measured 1ud reflectance to the simulated
one should then give the cloud phase. In practieectoud phase only using Qré and 1.6m is retrieved
as follows:

0 The cloud phase is set to liquid if the retrievextigle size is lower than 32 micron and if the
measured 18m reflectance is higher than the [In6 reflectance simulated for all ice cloud model
(for the current measured 0.6 reflectance)

0 The cloud phase is set to ice:

= If the retrieved particle size is larger than 32non,

= or if the retrieved patrticle size is between 16 &&dmicron and if the measured [in6
reflectance is lower than the furé reflectance simulated for at least 7 ice cloudiet®
(for the current measured 0.6 reflectance)

= or if the retrieved particle size is between 2 das6dmicron and if the measured 6
reflectance is lower than the i@ reflectance simulated for all ice cloud model tfee
current measured 0.6 reflectance)

o Eitherwise the cloud phase is set “mixed”
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Figure 40 lllustration of the cloud phase retriewasing 0.¢m and 1.6m reflectances. Cloud
measurements (coloured using CT cloud type cotorsept white color replaced by black) are
superimposed to simulated curves. Left: for a nmadgtstratocumus cloud; right: for a convective
system over the Pyrenees.

Once the cloud phase has been determined, theabpgpth and the particle size are obtained
(except for mixed phase and undetermined) usingriasured and the simulatedand 1.6m
reflectances in a similar way as what has beeropedd for the cloud phase retrieval by using the
adequate cloud models (ice or water).

Finally liquid and ice water path are obtained mpeical formulae:

LWP = (2/3)tlIe*pr wheret is the optical thickness, the effective radius angl the density
of water (Stephens et al., 1978)

IWP = ¢/0.065)°% whereT is the optical thicknes (proposed by Heymsfiekk €REW?2
report)

5.2.2 Practical considerations

5.2.2.1 Validation

Table 7 summarises the validation results of theec version. More details can be obtained from
the validation report for cloud producter.1.)).

Validated accuracy

GEO-CMIC cloud phase

If validated over full disk using space-bas§ebr water phase: POD: 93.78% FAR: 5.40%
lidar
For ice phase: POD: 96.59% FAR: 3.94%

GEO-CMIC cloud liquid water path

If validated over full disk over ocean usingBias: -0.96g/h; rms: 38.46g/fh
AMSR mirco-wave imagery
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Table 11: Summary of validation results for therent CMIC cloud phase and cloud liquid water
path (POD stands for Probability Of Detection)
5.2.2.2 Quality control and diagnostics

Two CMIC output fields are used to describe theliguand processing conditions (see in 5.2.2.4
and[rD.2.])). They include information on the lack of NWP delor satellite non mandatory channels
which leads to a decrease of CMIC quality.

5.2.2.3 List of inputs for Cloud Microphysic (CMIC)

The input data to the CMIC algorithm are describethis section. Mandatory inputs are flagged,
whereas the impact of missing non-mandatory dath@processing are indicated.

e Satellite imagery:

The following bi-directional reflectances or brighss temperatures are needed at default horizontal
resolution (3km at nadir for MSG):

RO.6um R1.6um T8.7um T10.8um

Mandatory Mandatory Mandatory Mandatory

The CMIC software checks the availability of chasnfer each pixel; no results are available for
pixels where at least one mandatory channel isingiss

The channels are input by the user in requestedap(HRIT for MSG), and extracted on the
processed region by NWC/GEO software package.

It is essential to use well calibrated | and 1.¢im reflectances: calibration coefficients provided
by KNMI (see Meirink et al., 2013) are used by CMICrecalibrate these channels during CMIC
computation..

¢ CT cloud cateqories

The CT cloud categories are mandatory. They aregated by the CT software.

e CTTH cloud cateqories

The CTTH cloud top pressure are optional. Theycamputed by the CTTH software. If they are
bnot available, default value are used for wat@0(#a) or ice clouds (300hPa).

e Sun and satellite angles associated to satellite apery

This information is mandatory. It is computed bg BMIC software itself, using the definition of
the region and the satellite characteristics.

e NWP parameters

The forecast fields of the following parameterspapped onto satellite images, are used as input :

o Total ozone content
0 Integrated water vapour content above and belogspre levels defined by user

These remapped fields are elaborated by the NWC/G&@vare package from the NWP fields
input by the user in GRIB format.
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The NWP fields are not mandatory. The CMIC softwaeplaces missing NWP fields by
climatological values extracted from ancillary datia The quality of CMIC is lower if NWP fields
are missing.

e Ancillary data sets:

The following ancillary data, remapped onto satelinages, are mandatory :

0 Land/sea atlas

o Elevation atlas

0 Monthly 0.6um and 1.6im white-sky surface albedo climatology (land)
0 Monthly integrated atmospheric water vapor contéintatology

o0 Monthly ozone content climatology

These ancillary data are available in the NWC/GEfdware package on a global scale; a SAFNWC
tool allows their remapping on full disk for eachwn satellite; they are finally extracted on the
processed region by the CMIC software itself.

One coefficients’s file (also called threshold &gblcontaining satellite-dependent values and look-
up tables for thresholds, is available in the NWEXsoftware package, and is needed by the CMIC
software.

One file containing offline DISORT simulations of6m and 1.em cloud radiative properties
(beam bi-directional reflection, beam direct trarssion, beam diffuse transmission, diffuse
transmission, diffuse reflection flux) performed #set of water and ice clouds, is available & th
NWC/GEO software package, and is needed by the Gddftvare.

e Configurable parameters:

The following configurable parameter are availahléhe default CMIC model configuration file:

* CMIC_SZSEG: The size of the segment is configurébde its definition in section 5.2.2.6).
Its default value is 4. Information on how to charige size of the segment can be found in
section 5.2.2.6 and in the software user mangealy().

* IS_ALREADY_RECALIBRATED: this flag, defining whethesatellite data input by the
user are already recalibrated with post-launchbcation coefficients (solar channels) and
GSICS IR calibration coefficients, is configuralfgee its definition in section 5.2.2.6). Its
default value is FALSE. Information on how to charnyis value can be found in section
5.2.2.6 and in the software user mang=.6.]).

5.2.2.4 Description of Cloud Microphysic (CMIC) output

The content of the CMIC is described in the DatapOuFormat documentrp.2.]), a summary is
given below:
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Container Content
GEO-CMIC SAFNWC GEO CMIC Cloud Top Phase
_PHASE
Class Cloud Top Phase category
1 Liquid
2 Ice
3 Mixed
4 Cloud-free
5 Undefined (separability problem)
FillValue No data or corrupted data
GEO-CMIC SAFNWC GEO CMIC Cloud Drop Effective Radius
_REFF
GEO-CMIC_REFF(m) = scale_factor * Counts + addseff
where:
scale_factor =18
add_offset =0.0
GEO-CMIC SAFNWC GEO CMIC Cloud Optical Thickness
CoT
GEO-CMIC_COT = scale_factor * Counts + add_offset
where:
scale_factor =0.01
add_offset =0.0
GEO-CMIC SAFNWC GEO CMIC Cloud Liquid Water Path
LWP
GEO-CMIC_LWP(kg.rif) = scale_factor * Counts + add_offset
where:
scale_factor =0.001
add_offset =0.0
GEO-CMIC SAFNWC GEO CMIC Cloud Ice Water Path
IWP
GEO-CMIC_IWP(kg.nf) = scale_factor * Counts + add_offset
where:
scale_factor =0.001
add_offset =0.0
GEO-CMIC 11 bits indicating (if set to 1)
_status_flag
Bit O: Cloud-free
Bit 1: High resolution satellite data used
Bit 2: Combined use of L& & 2.2um for phase retrieval
Bit 3: No retrieved phase: no reliabldfRot retrieval
Bit 4: Mixed phase : no reliable Reff/Cot retrieval
Bit 5: Measurement incoherent with simulation: ratiable Reff/Cot retrieval
Bit 6: Too much overlap in simulation : no relialsteff/Cot retrieval
Bit 7: 1.6m used for reff/cot retrieval
Bit 8: 2.2m used for reff/cot retrieval
Bit 9: 3.8m used for reff/cot retrieval
Bit 10: Multilayer cloud suspected
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Geophysical Conditions
Field Type Description
Space Flag Set to 1 for space pixels
[llumination Parameter | Defines the illumination ddion
0: N/A (space pixel)
1. Night
2. Day
3:  Twilight
Sunglint Flag Set to 1 if Sunglint
Land_Sea Parameter 0: N/A (space pixel)
1: Land
2: Sea
3 Coast
Rough_terrain Flag Set to 1 if rough terrain
High terrain Flag Set to 1 if high terrain
Processing Conditions
Field Type Description
Satellite_input_data Paramete Describes the 8atielput data status
0: N/A (space pixel)
1: All satellite data are available
2: Atleast one useful satellite channel is migsin
3: Atleast one mandatory satellite channel isimgs
NWP_input_data Paramete Describes the NWP ingatstatus
0:  N/A (space pixel or NWP data not used)
1: Al NWP data are available
2:  Atleast one useful NWP field is missing
3: Atleast one mandatory NWP field is missing
Product_input_data Paramete Describes the Pragudt data status
0:  N/A (space pixel or Auxiliary data not used)
1. Allinput Product data are available
2:  Atleast one useful input Product is missing
3: Atleast one mandatory input Product is missing
Auxiliary_input_data Parametenn  Describes the Aawyliinput data status (includes products useq
input to PGE)
0:  N/A (space pixel or Auxiliary data not used)
1. All Auxiliary data are available
2:  Atleast one useful Auxiliary field is missing
3: Atleast one mandatory Auxiliary field is misgi
Quality
Field Type Description
Nodata Flag Set to 1 if pixel is NODATA
Internal_consistency Flag Set to 1 if an intermahgistency check has been performed. Inte|
consistency checks will be based in the comparisothe retrieved
meteorological parameter with physical limits, @tmlogical limits,
neighbouring data, NWP data, etc.
Temporal_consistency Flag Set to 1 if a temporabstency check has been performed

Temporal consistency checks will be based in theparison of the
retrieved meteorological parameters with data abthiin previous

rnal

slots.




Algorithm Theoretical Basis Documerjt Code: NWC/CDOP2/GEO/MFL/SCI/ATBDICloy

O for the Cloud Product Processors of théSsue: 1.1 Date: 15 October 2016

PEIRo NWC/GEO File: NWC-CDOP2-GEO-MFL-SCI-ATBD-Cloud_v1.1

MWCSAE Page: 112/118
Quality Parameter | Retrieval Quality

0:  N/A (no data)
1. Good

2:  Questionable
3: Bad

4. Interpolated

5.2.2.5 Example of Cloud Microphysics (CMIC) visualisation

It is important to note that the CMIC product i€ st an image, but numerical data. At first hand,
the CMIC is rather thought to be used digitallygé&ther with the appended flags (quality) as input t
mesoscale analysis models, objective Nowcastingrmsel, but also in the extraction of other NWC

SAF products (precipitation products for example).

Colour palettes are included in CMIC NetCdF filds)s allowing an easy visualisation of CMIC
different parameters such as the cloud phase, aptidal thickness (as illustrated in Figure 41),

cloud effective radius (as illustrated in Figurg,42oud liquid or ice water path.

Figure 41 Example of SEVIRI cloud phase flag itaigtd with the colour palette included in the
CMIC NetCdF files.
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Figure 42 Example of SEVIRI cloud effective radliustrated with the colour palette included in
the CMIC NetCdF files.

5.2.2.6 Implementation of Cloud Microphysic (CMIC)

CMIC is extracted by PGE15 (GEO-CMIC) componenttoé NWC/GEO software package.
Detailed information on how to run this softwareckeage is available in the software user manual

(IRD.3.]).
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When a new region is defined the user has now taually prepare the CMIC model configuration
files for this new region using a default CMIC mbdenfiguration file provided in the NWC/GEO
software package. The following parameters are igordble in the default CMIC model
configuration file:

* CMIC_SZSEG (default value: 4): the size of the segin This default value may be

manually changedSegments are square boxes in the satellite projeatinose size is expressed as the
number of default horizontal resolution pixels (3ktnadir for MSG) of one edge of the square boke
size of the processed regions must be a multipthetegment size. All the solar and satellite es)ghe
NWP model forecast values, the cloud simulatiohs, dtlas values will be derived over all the preeés
regions at the horizontal resolution of the segmipte also that the land/sea atlas will be avéela the

full default horizontal resolution, allowing theeidtification of the surface type (land or sea) lbtlafault
horizontal resolution pixels, whatever the segmsné. The quality is not very much dependent on the

segment size (if lower than 16)

* |IS_ALREADY_RECALIBRATED (default value: FALSE)this flag defines whether
satellite data input by the user are already rbcaid with post-launch calibration

coefficients (solar channels) and GSICS IR calibratcoefficients. for nearly all users, it
should remain set to FALSE (defaut value). If seT RUE (for example, CM-SAF may use this optiohg t
CMIC does not perform its own recalibration of sathannelk

The CMIC execution step is automatically launchgdhe Task Manager (if real-time environment
is selected).

5.3 ASSUMPTIONS AND LIMITATIONS
The following problems may be encountered:
« No CMIC is available for cloud classified as fractal

* No optical thickness, drop effective radius andiliice water path are retrieved at nightime
or twilight, or at daytime for “mixed phase” or “defined phase”
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ANNEX 1. ATLAS AND CLIMATOLOGICAL DATASET

Atlas and climatological datasets at a global seaéeavailable within the NWC software package
and are used in the elaboration of CMA, CT, CTTld @MIC products. The following sections give
a short description of the source of these angitiata.

Al.1 LAND/SEA ATLAS

Common atlas.

Al.2 LAND/SEA/COAST ATLAS

Common atlas.

A 1.3 ELEVATION ATLAS

Common atlas.

A 1.AMONTHLY LAND SURFACE EMISSIVITY CLIMATOLOGY

Thermal emissivities are computed from RTTOV (wemshigher than 10) using the subroutines
giving access to the emissivity; these subroutimesld be applied (only once) to all pixels of the
region and the emissivity stored. These are comatias.

A 15 MONTHLY MINIMUM SEA SURFACE TEMPERATURE MINIMUM AND
STANDARD DEVIATION CLIMATOLOGY

The original dataset is the OSTIA SST analysis iaech (http://ghrsst-
pp.metoffice.com/pages/latest_analysis/ostia.html):
» OSTIA SST fields cover the entire world on a lad#ongitude grid (spatial resolution: 1/20
degrees).
» The archive consists in daily fields (average vadund standard deviation) over the period
from 07/1985 up to 07/2007 .
» The fields are coded in NetCdF format.

A monthly climatology of SST minimum and standasVidtion has been prepared by retaining the
minimum SST value and the maximum SST standarcatiewi over the 22 years.

A 1.6 MONTHLY VISIBLE ATMOSPHERIC -CORRECTED REFLECTANCES
CLIMATOLOGY

The initial source is a 10 minutes horizontal ragoh global climatology of Top Of Atmosphere
monthly visible reflectances derived by NOAA fronVARR GAC measurements (see Gutman et
al., 1995).
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These TOA reflectances have been roughly correétech atmospheric effects. The values
corresponding to snowy targets have been replattdr with the nearest in time value, either by a
constant value (20%). The data have been finallgap spatially in the coastal areas. Monthly
visible atmospheric-corrected reflectance oved lsnobtained from the nearest value of these TOA
reflectances. Sea pixels are given a default value.

A 1.7MONTHLY 0.6um/1.6uM WHITESKY SURFACE ALBEDOE CLIMATOLOGY

Cloud free surface reflectances are needed duhiegcomparison of the simulated and measured
0.6um/1.6um cloudy reflectances performed during the CT clpbdse retrieval. Over continental
areas, they are derived from MODIS monthly ior6 and 1.em white-sky surface albedo
climatologies available from NASA(tp://modis-atmos.gsfc.nasa.gov/ALBEDO/index.htrithese
white sky albedos represents bi-hemispheric reftems without the direct component which is a
good approximation of the surface albedo belowoadl Over sea, constant values are used: 3% (at
0.6um) and 1% (at 1j6m).

A 1.8 MONTHLY CLOUD FREE LARGE BAND VISIBLE SURFACE REFLEC TANCES
CLIMATOLOGY

Cloud free large band visible surface reflectararesused to process HRV during the CMA cloud
detection process. Over continental areas, thedenged from MODIS monthly Opfn, 0.61m and
0.8um Dblack-sky surface albedo climatologies availabfeom NASA (http://modis-
atmos.gsfc.nasa.gov/ALBEDO/index.h)mIThese black sky albedos represents bi-hemispheri
reflectances with the direct component. These threethly climatologies are averaged, the weight
of each band (OB, 0.um and 0.8m) being dependant on the HRV spectral filter.

A 1.9L AND COVER DATABASE

Land cover database is obtained from the GlobaldL&over database provided by USGS
(http://edc2.usgs.gov/glcc/glcc.php . Preferablysier 2.0. The Biosphere Atmosphere Transfer
Scheme (BATS) is used which provide 20 surface dype a iso latitude/longitude grid (30 arc
second):

1 Crops, M xed Farm ng

2 Short Grass

3 Ever green Needl el eaf Trees
4 Deci duous Needl el eaf Tree
5 Deci duous Broadl eaf Trees
6 Ever green Broadl eaf Trees
7 Tall Grass

8 Desert

9 Tundr a

10 Irrigated Crops

11 Seni desert

12 Ice Caps and d aciers

13 Bogs and Marshes

14 I nl and Wat er

15 Ccean

16 Ever green Shrubs

17 Deci duous Shr ubs

18 M xed For est

19 Forest/Field Msaic

20 Water and Land M xtures
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A1.10 MONTHLY AIR TEMPERATURE (AT 1000, 850, 700, 500 HPA)
CLIMATOLOGY

The initial source is a 1.5 degrees horizontal ltggm global monthly climatology of air
temperatures at 1000hPa, 850hPa, 700hPa and 5@8hped from the ECMWF model.

Alll MONTHLY ATMOSPHERIC INTEGRATED WATER VAPOUR CONTENT
CLIMATOLOGY

The initial source is a 2.5 degrees horizontal Itégm global monthly climatology of specific
humidity on 11 vertical pressure levels (1000, 9810, 850, 700, 500, 400, 300, 200, 100, and 50
hPa), elaborated by Oort from a collection of 1&rgeof global rawinsonde data (Oort, 1983).

The integrated water vapor content is computed filmenspecific humidity of pressure levels above
the surface level (whose pressure is derived frioenhieight map using a standard OACI standard
atmosphere for the height/pressure conversion).

Oort A.H., 1983, Global atmospheric circulationtistacs, 1958-1973. NOAA professional Paper
No. 14.

A 1.12MONTHLY INTEGRATED OZONE CLIMATOLOGY

The initial source is an ozone climatology (197®&20 available from
www.temis.nl/protocols/O3global.htnfimonthly field over 30 years on a iso latitudefdnde grid
(spatial resolution: 1.5 in longitude and 1.0 intlmle). A monthly climatology has been created by
averaging over the 30 years.




