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1. INTRODUCTION

The EUMETSAT “Satellite Application Facilities” (3A are dedicated centres of excellence for
processing satellite data, and form an integrat pathe distributed EUMETSAT Application
Ground Segment [ttp://www.eumetsat.in). This documentation is provided by the SAF on
Support to Nowcasting and Very Short Range ForagasSAFNWC. The main objective of
SAFNWC is to provide, further develop and maintaoftware packages to be used for
Nowcasting applications of operational meteorolabsatellite data by National Meteorological
Services. More information can be found at the SAFNwebpagehttp://www.nwcsaf.org This
document is applicable to the SAFNWC processingkage for polar orbiting meteorological
satellites, SAFNWC/PPS, developed and maintaine8Ndi| ( http://nwcsaf.smhi.sg

1.1 PURPOSE

This document is the Algorithm Theoretical Basischment for the PGEO1 (CMa, Cloud Mask)
of the SAFNWC/PPS software package.

This document contains a description of the algarjtincluding scientific aspects and practical
considerations.

1.2 ScoPE

This document describes the algorithms implemeintethe PGEOL version v4.0 of the 2014
SAFNWC/PPS software package delivery.

1.3 DEFINITIONS AND ACRONYMS
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Acronym Explanation Acronym Explanation
AAPP AVHRR and ATOVS MAIA Mask Avhrr for Inversion
Processing Package Atovs (an AVHRR Cloud
ACPG AVHRR/AMSU Cloud Product Mask)
Generation software (A major MHS Microwave Humidity Sounding
part of the SAFNWC/PPS s.w., Unit
including the PGE:s.) NIR Near Infrared
AEMET ,:\AgianIal . gsta_ltal de NOAA National Oceanic and
eteorologia (Spain) Atmospheric Administration
AHAMAP AMSU-HIRS-AVHRR NWP Numerical Weather Prediction
Mapping Library (A part of the
SAFNWC/PPS s.w.) OSISAF Ocean and Sea Ice SAF
AMSU Advance Microwave Sounding PC Precipitating  Cloud  (also
Unit PGEO04)
AVHRR Advanced Very High PGE Process Generating Element
Resolution Radiometer PPS Polar Platform System
CDOP Continl_Jous Development and RGB Red Green Blue
Operational Phase o
: RTM Radiative Transfer Model
CDOP-2 Second Continuous . o N
Development and Operational SAF Satellite Application Facility
Phase SAFNWC Satellite Application Facility
CLAVR Clouds from AVHRR for support to NoWcasting
CMa Cloud Mask (also PGE01) SCANDIA Cloud Analysis model using
i digital AVHRR data
CPP CloudPhysical Products _ _
SMHI Swedish Meteorological and
cT Cloud Type (also PGE02) Hydrological Institute
CTTH Cloud = Top  Temperatre, — gg1 Sea Surface Temperature
Height and Pressure (also _
PGEO03) TBC To Be Confirmed
DEM Digital Elevation Model TBD To Be Defined
EPS EUMETSAT Polar System TOA Top Of Atmosphere
EUMETSAT European Organisation for the ~ USGS U.S. Geological Survey
Exploitation of Meteorological — v| RS Visible Infrared  Imaging
Satellites Radiometer Suite
FOvV Field Of View VIS Visible
GEO Geosynchronus equatorial Orbit
IR Infrared
LEO Low Earth Orbit

SeelrD.1] for a complete list of acronyms for the SAFNWCjpoo.
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1.4 REFERENCES

1.4.1 Applicable documents

The following documents, of the exact issue shofenm part of this document to the extent
specified herein. Applicable documents are thosereaced 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 editfdhe document referred applies.

Current documentation can be found at SAFNW&Ipdeskweb: http://www.nwcsaf.org

Ref Title Code Vers Date
[AD.1.] NWCSAF Project Plan NWC/CDOP2/SAF/AEMET/MGT/PP 1.2 28/06/13
[AD.2.] NWCSAF Product Requirements Document NWC/CDOP2/SAF/AEMET/MGT/PRD | 1.5 05/06/14
[AD.3.] System and Components Requirements DocumeéyWwC/CDOP2/PPS/SMHI/SW/SCRD 1.0 15/09/14

for the SAFNWC/PPS

Table 1: List of Applicable Documents

1.4.2 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 SAFNW&Ipdeskweb: http://www.nwcsaf.org

Ref Title Code Vers Date
[RD.1.] The Nowcasting SAF Glossary NWC/CDOP2/SAF/AEMET/MGT/GLO 2.0 18/02/14
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Software Part, 2.0peration

[RD.3] Validation Report for v.2014 of theNWC/CDOP2/PPS/SMHI/SCI/V| 1.0 15/09/14
SAFNWC/PPS R/1

[RD.4] | -

[RD.5] Output Data Format of the SAFNWC/PPS NWC/CDOP2/PPS/SMHI/SW/DOF 1.12 15/09/14
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1.5 DOCUMENT OVERVIEW

This document contains a theoretical descriptiothefCloud Mask algorithms. The document has
been structured in the following sections:

Section 1 contains the current introduction alonidp the list of used acronyms and applicable and
reference documents.

» Section 2 A short introduction to the cloud masiédurct
» Section 3 A short overview of the cloud mask aldponi

» Section 4 Algorithm description in more detail

1.6 ScIENTIFIC UPDATES SINCE PPS VERSION 2012
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For v2014 PGEO1 has been more harmonized in tefmstput format and flags with the cloudmask
product of GEO.

The following scientific changes have been made:
* Update of surface reflectivity treatment over landgmprove cloud mask quality:

0 the threshold-tables for land-day scheme, wher&ihen channel is involved, have
been revised. Here the solar contribution is nowsmered explicitly based on 6S
radiative transfer calculations. To include solantcibution, a new, more complex
threshold table structure had to be implemented

* Revision and tuning of cloud mask sub schemes (aBpg on context and illumination)
based on sub-scheme performance as evaluated ta@ah$PSO data and from visual
inspection of problem cases.

0 The test-logic has been cleaned and restructuretdentecessary.
o Introduction of some new cloud screening tests usdecific conditions.
o0 A thorough retuning of threshold offsets has beenfiopmed.

* A new set of clear screening tests have been ingiéd

o Improved treatment of cloud mask over water bodid®n their extent differs
between reality and land/sea mask

0 Restoral of certain heavy aerosol cases (dustlotoddree and adding of respective
processing flag

0 Test for very cold clear areas
* Roughness is used instead of high terrain as indicaf mountain

* Updated emissivity maps.
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2. INTRODUCTION TO THE SAFNWC/PPS CLOUD MASK

The Cloud Mask is the most basic product of theaP®&latform System (PPS) based cloud and
precipitation products and necessary for the prodlnof the other cloud and precipitation products.
The aim of the Cloud Mask product is to delinedteabsolutely cloud-free pixels in a satellite seen
with high confidence. In addition, it will identifgloud free snow or ice contaminated pixels when
illumination allows and provides processing flagdicating processing conditions and estimated tyual
for each pixel. The Cloud mask can thus be useld &®input to products which will require infornati

on cloud free pixels for further processing, anthasit to a more detailed cloud analysis.

The SAFNWC/PPS have been developed for the Advbnvery High Resolution Radiometer
(AVHRR) onboard the polar-orbiting weather sateBiNOAA and Metop. It has been implemented
so that it automatically handles both AVHRR/2 datdh channel 3B during both day and night, and
AVHRR/3 data, with channel 3B during night and 3dridg day. The instrument measures outgoing
reflected solar energy and radiated thermal enfogy land, sea, clouds and the atmosphere in 6
channels. As the AVHRR channels have different igeitg from those different features, the
SAFNWC/PPS algorithm uses this for its product\dsion.

The SAFNWC/PPS has also been adapted for the ¥idittkared Imaging Radiometer Suite
(VIIRS) onboard the polar-orbiting weather satelMPP, and the coming JPSS satellites. The VIIRS
channels used are the channels corresponding t&AWRR channels, with an addition of the
channel 8.pm.

The actual PPS software has its roots in the dd&ANDIA algorithm (Karlsson and Liljas, 1990
and Karlsson, 1996). This scheme has several sitid@tato other approaches of that era (e.g.
APOLLO [Saunders and Kriebel, 1988], LUX [Derrieinad, 1993] and CLAVR [Stowe et al., 1991
and Stowe et al., 1999]). Common is the use oftypeal differences in cloud appearances in all
five spectral channels of the AVHRR instrument pplging sequences of threshold tests. However,
a common weakness is that these earlier schemds\estptic or partially static thresholds which
are regionally specific. In some cases threshotgiedd on season or the sun elevation according to
a few classes, but no dynamic adaptation is madieetactual state of the atmosphere and surface at
each individual field of view (FOV), and no consist correction for the sun satellite viewing
geometry is made. In the development and desigheohew SAF retrievals for cloud mask analysis
and cloud type classification three things havenbekparticular importance. First we wanted to
improve corrections for bi-directional and atmogpheffects. Second, wherever possible, dynamic
thresholds depending on the current atmospherie,dfae actual illumination, viewing conditions
and the state of the surface at the satellite foutpare used, rather than static climatologically
determined thresholds. Finally it should be possibl adapt the algorithms in a consistent way to
future AVHRR and sensors with AVHRR heritage chdsite.g. MODIS or JPSS).

The way in which we have chosen to meet these regeints is to use radiative transfer models
(RTMs) to simulate the satellite signal as it wohklle been observed in cloud free but otherwise
similar conditions.
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2.1 Satellite channels

Satellite channels used by the SAFNWC/PPS are ftlenMetop and NOAA imager instrument
AVHRR/3 as well as from MODIS and VIIRS. See TaBleTable 4 and Table 5 for more details
about the different channels.

Table 3: The AVHRR/3 channels and their approximspesetral positions on NOAA 15, 16 and 17
(small deviations in the spectral response do ot&iween individual instruments on different
NOAA satellites).

Ch1 Ch2 Ch 3A Ch 3B Ch4 Ch5

0.58-0.68 0.725-1.0 1.58-1.64 3.55-3.93 10.311} 11.5-12.5

A (pm)

Table 4: Names and spectral specifications of MO&i&nnels, used so far. Channel 29 has no
complement on any AVHRR instrument and is introdibege as an extension.

Ch1l Ch2 Ch6 Ch 20 Ch 29 Ch 31 Ch 32
A (um) 0.62-0.67| 0.841- | 1.628- 3.66-3.84| 8.4-8.7 10.78- | 11.77-
0.876 1.652 11.28 12.27

Table 5: Names and spectral specifications of ViiR&nels, used so far.With the exception minor
differences in spectral response functions, tHR¥Ichannels are similar to those used for MODIS..

Ch M5

Ch M7

Ch M10

Ch M12

Ch M14

Ch M15

Ch M16

A (um)

0.672

0.865

1.61

3.7

8.55

10.763

12.013

2.1.1 Solar channels

Because of their different names that come witfetght instruments, channels are determined by
their spectral position rather than by their nafBgceptions are made in case of referencing to
instrument- specific issues.

In the 0.6um channel, clouds appear bright becatiske high reflectance while the signal from
land and sea is generally poor (exception: sunglies over sea). Snow and ice on ground also
appear bright. For the 0.8um channel, the conbasteen clouds and land is high and reflectance
from sea surface is low, too (except for sungli@as). However the signal from vegetated land is
more intense compared to the 0.6pum channel.
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The 1.6um channel, is a so called near IR-chaitrelows to distinguish between snow/ice covered
land and signal from other sources. The reflectdrm® snow and ice decreases with increasing
wavelength in the Visible to NIR spectral ranged dhe reflectance over snow/ice is thus much
smaller than in the 0.6pum or 0.8um channels, progid means to detect snow cover on the ground
during daytime. Similarly this channel is also st to the cloud phase; water clouds reflect more
energy in this spectral range than ice clouds.

2.1.2 Thermal channels

The 3.7um channel, lies in the spectrum where tligoing energy comes from two sources: solar
reflectance and thermally emitted radiation. Thisamel is sensitive to cloud phase and is
particularly useful for the detection of night-time&ter clouds. The detection of thin cirrus can be
done by analysing differences of the 3.7um chamnoahe 11lpm or the 12um channel. Snow-
covered ground has almost no contribution to theadi received within this spectral range.

In the region around 8.5um, there is a channelofturiately not on AVHRR instruments) close to
one ozone-line but still in the window region. Thisannel in combination with the 11um channel
has a pronounced strength in detecting low clowes certain surfaces (e.g. woodlands) under large
observation angles. Additionally it might enhanlee tontrast in the night cirrus test if used indtea
of one of the 11 or 12 micron channels.

The channel, located round11l pum, is what is ofeferred to as the “IR window channel”, i.e.
radiation from the Earth’s surface or cloud topditite effected by extinction in the atmosphere.
This channel responds to the temperature of clandssurfaces and returns a signal close to what is
called the thermodynamic temperature. The chaiatiteof the 12um channel is very similar to its
neighbour at 11pm. However, there are some difteagnfor example the detection of cirrus (the
atmosphere seems denser with increasing wavelength)

2.2 REQUIREMENTS

The requirements for the SAFNWC/PPS products acrieed in the Product Requirements
Document[aD.2.]. In Table 6 is given a summary of the requirensgecific for the cloud mask
product.

Table 6 Accuracy requirements for Cloud Mask

POD (Europe) FAR (Europe) POD (global) FAR (global)

Threshold 85% 20% 85% 20%
accuracy

Target accuracy | 95% 10% 90% 15%
Optimal 98% 5% 95% 10%

accuracy




EUMETSAT Satelite Application _Algorithm Theoretical Basis | Code: - NWCICDOPZPPSISNHISCIATED

Facility to NowCasting & Very | Document for the Cloud Mask of Issue: 1. Date: 15 September 2014
Short Range Forecasting the NWC/PPS File: NWC-CDOP2-PPS-SMHI-SCI-ATBD-1_v1_
Page: 16/64

3. ALGORITHM OVERVIEW

The CMa algorithm is based on a multi-spectral shoéd technique applied to each pixel of the
satellite scene. As in the SCANDIA model the thrddhests of the SAF CMa algorithm are coupled
or grouped together, so that the identificatiorm aloud-filled or cloud-contaminated pixel requires
that several threshold tests (one for each appédaiage feature) all must be passed.

For every satellite scene a unique set of featuresholds is extracted in full image resolution and
applicable only for that particular composition intrument, surface conditions and atmospheric
conditions. The features employed are listed inl@ah The thresholds applied to the spectral
featuresR0.6, T11, T11T3.7, T11T12, T3.7T12, T85T11, andr11Tsur are what we call dynamic
and have all been derived by calculating the clived satellite signal using RTM simulations. For
the simulations of thermal radiation and brightntesaperature, the model RTTOV9 (Saunders et
al., 2008) is used. Simulations of solar radiarmes reflectances are performed with the Second
Simulation of a Satellite Signal in the Solar Spect (6S; Vermote et al., 1997, 2006). Even though
these simulations (infra red and solar) are dofimef calculation speed is an issue. In the spéat
5103 tables (each with 10000 profiles) have tofiepared for proper statistics. The selected models
fulfil the minimum requirements (in terms of opticand geometrical properties), are well
established in the community and are reasonakie fas

Resulting radiances (for the 3.7um channel a coatioin of solar and thermal contribution) are a
function of the actual atmospheric state, the serfzharacteristics, and the sun-satellite (for pare
channels just the satellite) viewing geometry. Tdak of both a sufficiently reliable global landeus
database and accurate surface BRDF's (BidirectiBeflectance Distribution Functions), together
with uncertainties in geo-location (this problenpegrs mainly for the AVHRR instrument), the
high anisotropic behaviour of earth surfaces awedhilgh pixel to pixel variability of the reflectamc
at1.6 and3.7um, prevented us so far from trying to simulate ti@ATsignals at these wavelengths.
For version 2014, however, we included the solanmanent of the 3.7um channel in the threshold-
tables for daytime use over land. Reflection isuassd to follow the lambertian description. This
makes the results more robust against uncertaintiedand surface characterization and
inhomogeneities within satellite pixels. Improvenseue to the new, more complete threshold
tables are most pronounced for semi-arid areashwpmssess a relatively low emissivity and
therefore, following Kirchoffs law, a higher refkagty in this spectral region. For a detailed
description of the derivation of the dynamic thi@dl please refer to Dybbroe et al., 2005a.

The dynamic thresholds are determined from satedi@pendent look-up tables (stored in ASCII or
HDF5 format). The pure IR tables are multidimenalpmepending on viewing geometry (satellite
viewing angles), NWP parameters (surface temperaind total water vapour column) and surface
emissivity. IR-threshold-tables over land are glted for an emissivity of 0.8 (sref) on the base
of 10000 atmospheric profiles. These thresholdscareected according to actual or climatological
emissivity-maps afterwards. Therefore gain andrasjet matrices (with the same rank as referring
thresholds) are calculated, determine the changere$hold value with change of emissivity for all
atmospheric and surface conditions:

The slope for th&th profile is given by

g = TB (¢ =10)-TB(& = 0.6)
0.4

This leads to a mean slope
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And to a mean intercept as
5 = —Q&ef

Since the relationship between emissivity and lingbs temperature for cloudfree atmospheres is
sufficient linear on small scales, the thresholduea are corrected by shifting them along the
calculated functions. As mentioned above an exceps made during daytime and in case the
3.7um channel is involved in calculating the featuHere solar and thermal contributions are
calculated independently and merged later. Thei@kpimulation of the solar share involves a more
complex structure of threshold tables. Additiondatlythe above parameters, these merged (feature
solar and thermal contributions) thresholds areeddpnt on solar zenith angle, aerosol load and
model (right now only the low amount of a typicalamime scenario is used), and surface
reflectivity. The reflectivity is derived directlyom the 3.7um emissivity maps.

The thresholds are computed in full resolution e$ated by the defined processing region (see
[RD.2.]). Constant offsets to the dynamic thresholds, rdeteed during algorithm tuning, are also
often applied. See (Dybbroe et al., 2005b) for itketan algorithm tuning. Different offsets may be
applied over sea, sea ice and land, and dependetiteoillumination (day, night or twilight). In
addition to these dynamic thresholds also constaritnearly (e.g. in the sun zenith angle) varying
thresholds determined empirically, are applied. fliments determining these are available in a
static ASCII file ¢hreshold_offsets.cfg, andthreshold_offsets_gac.cfg for GAC-settings), which

is not normally to be altered by the user.

The thresholding is fuzzy in the sense that theadies in feature space to the thresholds aredstore
and used to determine whether to stop or contiesng, this is also used as a quality indicator of
the final output. More details are provided in smtt4.1.2.10 After the thresholding a filtering is
applied. In this post-processing all isolated mxef which classification is based on the3.7um
channel are reclassified to be equal to its neigrgdrhis is done in order to correct artificiadués
due to unsettle 3.7um signal to noise ratio.
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4. ALGORITHM DESCRIPTION

4.1 THEORETICAL DESCRIPTION

4.1.1 Physics of the Problem

Light entering the detector onboard a satellitefpten carries somehow information on interactions
with matter on its path with it. The task addressedn inverse algorithm, is to use this informatio
to retrieve the nature of the matter that caused it

In order to derive a cloudmask, the complexity msuto the question whether a pixel is cloudy or
not. The approach chosen here to solve this proearthreshold technique. A pixel is considered
cloudy if the measured reflectance or brightnesgptrature deviates in a certain way from pre-
calculated clear-sky values.

Since there is more matter around than just cldiaismay affect a pencil of rays, it is necessary t
reduce these perturbances as far as possible. Dhangnpositions of sun and satellite are also
sources of perturbing variations within the recdiveignal. To account for this uncertainty,
dynamical thresholds are used (i.e. thresholdsatrdixed but adapted to atmospheric, surface, and
geometrical conditions).

Generally, most of cloudy pixels can be detectethbse of a lower temperature (observed at 10.8
pm) or a higher reflectivity (in the solar wavelémgat 0.6 and 0.8 pm) compared to their cloud-free
counterparts. Obviously this doesn’t hold for akes (e.g. over cold surfaces, for low clouds, over
desert areas, etc.) therefore several independaémtrations have to be taken into account to
determine the cloud-status and to address thetgualithe product. This is done by combining
observations at different wavelengths with infonimas on the spatial structure.

4.1.2 Mathematical Description of the Problem

4.1.2.1 Features

Table 7 shows the utilised image features for ladinmels. Note that not all channels are provided by
all instruments (e.g. no 8.5um channel on AVHRRriumeents). As seen from the table we use both
spectral features and local texture (spatial vdiigbfeatures. The spectral features are bothpém
linear combinations (differences) of channel refl@ces or brightness temperatures and non-linear
features such as the ratios of the 1.6um and 3dyenthe 0.6um reflectance. One spectral feature
is the difference between the T11 and the foredatstermodynamic skin temperature. This is the
only feature making direct use of non-satellitead@iut other features are indirect dependent on
NWP data). The texture features are all derivethking the standard deviation of a spectral feature
over a 5 by 5 (or 3 by 3) pixel size box centrediuas given pixel. For GAC settings a 3 by 3 pixel
size box is used, for not-GAC settings a 5 by ®psize box is used. This distinction is because th
original GAC-pixels are bigger, and a 5 by 5 piek is getting too big then.

The feature creation and selection has been domeldoge extent following past experience with
thresholding AVHRR data for cloud classificatiors s e.g SCANDIA, APOLLO, LUX, and
CLAVR. But, there are a number of new features@spared to these known cloud schemes. One
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example is the texture feature derived from thallstandard deviation of the brightness temperature
difference between 3.7um and 12 pm motivated.late

There is of course a significant amount of redumdaiormation in this large set of features used.
The dimension of the feature space described byléheelected features is not 16, but rather
somewhat smaller, and many of the features arengifradependent on each other. A principal
component analysis using a hypothetical large amofitraining data might show that the features
chosen are not optimal for the description of #egtire space. However, for our purpose it has been
important to select features for which it is poksiio reason in a consistent physical manner on how
they may be affected when clouds with differentgat®l characteristics (in terms of particle size,
shape, and phase distribution) fill the FOV.

In the subsections below we give a short summapjaeation and motivation for the chosen image
features listed in Table 7. More physical explaaiand how the features are applied can be found
in Table 9, Table 10, Table 11, Table 12 and TaBle

Table 7: List of utilised image features (Note: Mbiisted features are provided by all

instruments).

Image feature Composition
RO.6 Reflectance for 0.6um channel
PseudoR0.6 Reflectance assuming sun in zenith fa6Qm channel
RO.6_text Local (5 by 5 pixels, 3 by 3 for gac) R®standard deviation
R1.6 Reflectance for 1.6um channel
R3.7 Reflectance for 3.7um channel

(derived from T3.7 subtracting the thermal part usng T11)
QR1.6R0.6 Reflectance ratio of R1.6 and R0.6
QRO0.9R0.6 Reflectance ratio of R0.9 and R0.6
QR3.7R0.6 Reflectance ratio of R3.7 and R0.6
T11 Brightness temperature for 11um channel
T11T3.7 Brightness temperature difference of 11 an8.7um channels
T11 text Local (5 by 5 pixels, 3 by 3 for gac) T14tandard deviation
T11T12 Brightness temperature difference of 11 and2pum channels
T3.7T12 Brightness temperature difference of 3.7 ah12um channels
T3.7T12_text Local (5 by 5 pixels, 3 by 3 for gad)3.7T12 standard deviation
T37_text Local (5 by 5 pixels, 3 by 3 for gac) T3.8tandard deviation
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Image feature Composition
T11Tsur Difference between T11 and forecasted suréa temperature
T85T11 Brightness temperature difference between8.and 11um channel

4.1.2.1.1 Feature RO.6

The reflectance at 0.6um is used to distinguishddcand snow from a dark background (snow-free
and cloud-free land or ocean surface, see Tabkb8&™ and Table 10) when the sun is significantly
above the horizon. The sun elevation limit is se#i?. For the separation of cloudy and cloudfree
snow covered surfaces features using the nearedfi@ar thermal infrared channels at 1.6 and 3.7um
must be used (see later). This feature is tested @ dynamic threshold. However, knowing the

difficulties in simulating realistically the top citmosphere (TOA) reflectance, due to BRDF

deficiencies and lack of knowledge about the acitate of the surface, we use this feature both ove
land and over sea only with rather conservativegtold settings, that is with threshold values far
from the average (or normal) cloudfree values.

Thus, away from snow covered areas this featurapplied alone, would most often fail to detect
both water clouds only filling the FOV partially @rthin cirrus clouds. But being a grouped
thresholding algorithm this feature is always aggbliogether with other tests as seen from Table 12.

4.1.2.1.2 Feature PseudoRO0.6

The reflectance at 0.6um assuming sun in zenghr{ot applying the correction factor 1/d@sgn))

is used to distinguish clouds and snow from a derékground at low sun elevations (< 4°). (See
Table 11). This feature is tested against an eogiiyi derived threshold linearly dependent on the
sun elevation.

This feature is introduced in order to attemptisitiy fundamental reflection differences (e.qg.
between snow/clouds and snow-free/cloudfree susjameen at very low sun elevations. The feature
is especially important in cases when a pixel exhibumination and the 1.6um channel is still not
switched on, as the 3.7um channel signal getsyhayhbiguous at very low sun elevations.

4.1.2.1.3 Feature R1.6

The reflectance at 1.6um is particular useful mdletection of low water clouds over snow covered
surfaces (over land and sea-ice) and in sunglegsaover water bodies.

4.1.2.1.4 Feature R3.7

The reflectance at 3.7um is derived by subtradtiregemission part from the 3.7um radiance using
11pm channel under the assumption of unit emigsisite Allen et al. (1990) for a derivation). As

above, this feature is particular important wheterapting to detect low water clouds over either
snow covered surfaces (over land and sea-ice) @rwadies in sunglint.

4.1.2.1.5 Feature QR1.6R0.6

The reflectance ratio between R1.6 and RO0.6 is us@articular in the separation of water clouds
from snow cover (over land and sea-ice) and sunglin
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4.1.2.1.6 Feature QR3.7R0.6

The reflectance ratio between R3.7 and RO0.6 is us@articular in the separation of water clouds
from snow cover (over land and sea-ice) and sunglin

4.1.2.1.7 Feature QR0.9R0.6

The reflectance ratio between R09 and R06 wasdoted in beginning of 2006 as a result of an
inter-comparison study between the MAIA and the BR8d mask schemes, in particular over the
arctic. There it was found that in particular wheving no 3.7um channel (but 1.6um channel) the
low cloud detection in sunglint with the feature Q&R0.6 was not as efficient as expected, and that
this additional feature might help. Also, in moexent updates to PPS, this feature is used more
frequently, for instance in the new clear testsalwhiry to account for the, mainly man-made
impacted, varying land use with time. See 4.1.2.8.

4.1.2.1.8 Feature T11

The 11um brightness temperature is used to detétctouds. It is normally used with a rather high
offset to avoid miss-classifying cold land surfaessclouds, and it is only used alone when allrothe
usual low cloud features fail (during twilight ama cases of super-cooled water particles during
night).

4.1.2.1.9 Feature T11T3.7

The brightness temperature difference betweenlpenland 3.7um channels is used to detect water
clouds at night. This is a well known techniquelé&tect stratus and fog at night as e.g. used by Eyr
et al. (1984) using the findings of Hunt (1973).

4.1.2.1.10T11_text

The local texture in the 11um brightness tempeeaisiused to detect sub-pixel clouds and cloud
edges over sea, and requires a cloud top temperdifterent (warmer or colder) from the surface in
order to be effective. This feature is always agpliogether with other texture features, in order t
avoid miss-classifying pixels in sea surface terapge gradient zones as being cloud contaminated.

4.1.2.1.11 Feature T11T12

The brightness temperature difference between d11apm channel is used for thin cirrus detection
due to the decrease of transmisivity of these dowih increasing wavelength (Inoue, 1985). Its
main use is during daytime, as it can be replagethe T3.7T12 (see below) during night. If the
8.5um channel is available, a combination with Tieor 12um channel will merge advantages of
both mentioned tests: It will provide a better cast than the T11T12 feature and is not affected by
solar radiation during daytime like the T3.7T12ttea.

Over sea ice we use this feature during night-tiondetect transparent clouds that are warmer then
the underlying surface. Here the 11um 12um chadifference is often negative.



EUMETSAT Satelite Application _Algorithm Theoretical Basis | Code: - NWCICDOPZPPSISNHISCIATED

Facility to NowCasting & Very | Document for the Cloud Mask of Issue: 1. Date: 15 September 2014
Short Range Forecasting the NWC/PPS File: NWC-CDOP2-PPS-SMHI-SCI-ATBD-1_v1_
Page: 22164

4.1.2.1.12 Feature T3.7T12

The brightness temperature difference between 3.@pdn12pum channel, is similar to the above
feature, and is used to detect thin cirrus. Théufeais more sensitive to thin cirrus and has pnove

useful on the later NOAA (15 and later) satellidsere the earlier observed periodic noise (Warren,
1989) seems to have disappeared.

4.1.2.1.13Feature T3.7T12_text

The local texture in the 3.7um and 12um channghimess temperature difference is used together
with T11 text to detect sub-pixel clouds and cleadyjes. Due to the strong non linearity of the
Planck function at 3.7um the brightness temperalifference has a significant non-linear response
to the fractional cloud cover over the satelliteM=@ssuming a cloud top temperature different from
the surface, a partially covered pixel will havéagge brightness temperature difference, compared
to its cloud free or completely cloud covered nbmlr (over the sea). This assumes that any co-
located sea surface temperature gradient is smotthe the cloud/no cloud boundary which is
under detection.

In addition, this feature has been proven to begwhw to filter channel 3b noise. With the new
AVHRR sensor, ch3b noise is only a problem at Vevw temperatures and this feature is thus only
applied over sea ice during night-time.

4.1.2.1.14 Feature T3.7_text

The T3.7_text feature is only used over sea icendunight-time. Sea ice surfaces often contain
leads (= cracks filled with water) which are of quikel size. The T3.7_text feature can filter these
leads.

4.1.2.1.15Feature T11Tsur

This feature describes the difference between teasnred brightness temperature at 11um and an
assumed surface skin temperature (in our caseildeddoy a short range NWP model forecast). In
the Arctic we apply this feature to detect clouldattare significant warmer then the underlying
surface.

4.1.2.1.16 Feature T85T11

Similarly to the T11T12 and the T37T12 features feature is meant to detect thin cirrus. Even if i
is less sensitive than the T37T12 feature it hasativantage that it can be used during daytime
without introducing any uncertainty due to dayligBin the other hand it is expected to be more
sensitive than the T11T12 feature which also wdirkesduring daytime.
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4.1.2.2 Threshold Tests

4.1.2.2.1 Threshold tests, per function

Table 8: Clear tests used to screen out obviousr gexels before the cloud tests.

=

Ur—u)

Component name (and result) | Used imaggFunction
features
Clear New Water Bodies QRO0.9R0.6 Test for clear water bodies not included in
PPS landuse. Used during daytime ove
T3.7T12
T3.7T11
coldClearArcticAreaTest T11Ts Test for cold clear arctic (very cold) areas
Test will pass if: T11 —T12 is reasonable fo
(Cloudfree) Tsur clear conditions, T11 is close to forecasted
T11T12 surface temperature, temperature is below
230K and T11-T37 need to be within
(T11T3.7) reasonable clear conditions if ch 3.7 i
available. In very cold regions channel 3.7 i
often nodata. Test is used during night anc
twilight over land (coast)
SaltLakeTest QRO0.9R0.6 Test is used during day over sea (coast). The
aim is to catch obvious cloudfree pixels over
(Cloudfree) RO.6 areas that are open water according to the
T11 USGS land use database, but where a high
reflectivity indicates a dried out lake or salt
T11Tsur lake. If not catched early such a dry or
semi-dry salt lake will always be classifiec
T3.7T12 cloudy in daytime.
T11T12 This test requires the 3.7 micron channel.
DriedOutLakesAndRiversTest | QR0.9R0.6 Test is used during day over sea (coast
Similar to the above test, but 3.7 micron
(Cloudfree) Ti1 channel is not mandatory. Thus this test is
active on Metop/AVHRR data (where only
T11Tsur . . :
the 1.6 micron channels is available).
T11T12

(T3.7T12)

D
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Component name (and result) | Used imaggFunction
features
Not Cloud Heavy Aerosols RO.6 Test for heavy aerosols which is not clouds.
(Cloudfree) T11Tsur This test will pass for pixels that have low
reflectivity in channel 0.6, T11 -T12 is
T11712 within reasonable margins for clear and we
have a very large channel T37-T12
T3.7T12 . : .
difference. Test is used during day ovef
land.

Table 9: The components (generic tests) of theggduhreshold tests applied in the snow screening
using the 3.7um channel.

Component  name| Used image| Function
(and result) features
Snow/lce Sea and T11Tsur Detects snow covered sea ice or old sea ice during
Snow/Ice Sea Ice day and twilight. The T11 has to be close to the
Ti1 forecasted surface temperature but colder thar
(Snow/lIce R3.7 278K. The channel 3B reflectance shall be smaller
contaminated) ' than 10%. To avoid thin cirrus (over open sea) td
RO.6 be erroneously detected as snow the R0.6 shall pe
sufficiently large, the ratio R3.7/R0.6 small and
QR3.7R0.6 T3.7T12 small (< 5K). To avoid misclassifying
opaque clouds T11T12 shall be bigger than the
13.7T12 cloud-free value minus 1K. The T3.7T12
T11T12 QR3.7R0.6 and R3.7 features are combined with
OR statements and rather conservative threshold
settings are applied. We have seen that the
information content of this features is
complementary.
Snow Land T11 Detects snow cover during day and twilight ovel
land surface and in coastal regions. Equal to the
(Snow/lce R3.7 previous test, except for two features: The
contaminated) RO.6 T11Tsur is used only in case where no low level
' temperature inversions are present. Furthermore|
QR3.7R0.6 to avoid mis-classifying shadows on clouds
(something which is particular a problem when
T3.7T12 not using the T11Tsur) the T3.7T12 is not allowed
to be too small (> 0.5K).
T11T12

(T11Tsur)
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Component  name| Used image| Function
(and result) features
Snow Sunglint T11 Detects snow cover during day and twilight over
sea, coast and land surfaces in potential sunglimt
(snow/Ice R3.7 areas. Except for the T11T12 feature, which is nat
contaminated) RO.6 used here and a higher tolerance in T3.7T12 (k
' 10K) due to increased forward scattering, the test
QR3.7R0.6 is equal to the one above.
T3.7T12
(T11Tsur)
Snow Mountain T11 Detects snow cover during day and twilight (at
sun elevations higher than 4° over elevated
(Snowl/ice R3.7 terrain (> 500m) over land and coast. Similar tg
contaminated) RO.6 the previous test. The T11Tsur is used with a
' more conservative threshold offset due to the
QR3.7R0.6 higher uncertainty of the forecasted surface
temperature in highly variable terrain. Also no
T11Tsur tests using T11T12 and T3.7T12 are performed
here as rough topography may give highly nont
uniform FOV in these features, known to raise
the values in these features.
Snow Twilight T11 Detects snow cover during twilight over land and
in coastal areas. When the sun is below the
(Snow/lce PseudoR0.6 horizon (sun zenith > 90°), the PseudoR0.6 has o
contaminated) RO.6 be greater than 1.5%. When the sun is above the
' horizon this threshold increases linearly with
T3.7T12 increasing sun elevation with a gain of
0.5%/degree. The remaining feature tests are gs
(T11Tsur) in the Snow/Land test.

Table 10: The components of the grouped threslesis applied in the snow screening using the
1.6pum channel.

Component name Used image| Function

features
(and result)

Snow Sea / Sea IceT11Tsur Detects snow covered sea ice or cold sea |ce

3A during day and twilight. The T11 has to be close
Ti1 to the forecasted surface temperature but colder

(Snow/lce RO 6 than 278K. To avoid thin cirrus (over open sea) tq

be erroneously interpreted as snow the R0.6 shal
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D/1

Component name

(and result)

Used
features

image

Function

contaminated)

QR1.6R0.6
T11T12

be sufficiently large, the ratio R1.6/R0.6 smal
and T11T12 is not allowed to be too small. It sha
be smaller than minus 1K plus the dynamic cloud
threshold.

Snow Sea / Sea lIc
3A v2014

(Snow/Ice
contaminated)

e T11Tsur

T11

RO.6
QR1.6R0.6
T11T12

The previous snow-seaice test for the 1.6 micrg
channel over sea had typical problems ove
smaller water bodies where the NWP t-skin car
be off by 10-15 K and even more, especially in th
spring season when the surrounding land warm
up considerably after sunrise. This new tes
relaxes the tll-tsur threshold depending on the
strength of the snow signal in the VIS/NIR
channels.

The departure of the observation in three image
features to the expected cloudfree and sno
covered values is estimated. The features are T1
T12, RO6, and the reflectance quota QR1.6RO0.¢
The departures are then multiplied to give an
offset to be applied to the T11Tsur test, so that

large overall departure (in 3d space) requires the

T1l1l to be much colder than the predicted
cloudfree surface skin temperature.

Snow Land 3A

(Snow/Ice
contaminated)

(T211Tsur)
T11

RO.6
QR1.6R0.6
R1.6
T11T12

Detects snow cover over land and coast durin
day and twilight. Same as the previous test excej
for three of the feature tests. The T11Tsur is use
only in cases where no low level temperatur
inversion is present. The T11T12 is not bounde
on the low side and it is allowed to be 1.5K highe
than the dynamic cloudfree threshold. The R1.6
not used above is used here with an empiricall
determined threshold varying linearly on the
secant of the satellite zenith angle — one for th
forward scattering mode and another for the
backward scattering mode. (The forward
scattering is allowed to be larger than the
backward scattering).

= O @

< <

Snow Sunglint 3A

(Snow/Ice
contaminated)

T11

RO.6
QR1.6R0.6
(T11Tsur)

Detects snow cover during day and twilight over

sea, coast and land surfaces in potential sunglimt

areas. The thresholds in T11, R0.6 and T11Tsuy
are the same as those used in the correspondi

AVHRR/2 tests with channel 3B. The R1.6/R0.6

feature is thresholded as in the test above.

=

g
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Component name Used image| Function
features
(and result)
Snow Mountain 3A | T11 Detects snow cover during day and twilight (at
sun elevations higher than 4° over elevated
(Snowl/ice RO.6 terrain (> 500m) over land and coast. Similar tg
contaminated) ORL.6R0.6 the Snow Land 3A test above, except that np
’ ' testing is performed using T11Tsur. This due tg
T11T12 the higher uncertainty in the forecasted surface

temperature in highly variable terrain.

=

There is a slight inconsistency in the use ¢
feature T11T12 and T11Tsur (see Table 9
respectively. This discrepancy has grown
historically and does not do any harm to the
products.

~

Snow Twilight 3A PseudoR0.6 Detects snow cover during twilight (at sun
elevations higher than 4°) over land and coasj.
Tl1 Except for the additional use of the PseudoRO.
RO.6 this test is equal to the Snow Land 3A test.

[*2)

QR1.6R0.6
T11T12

(T11Tsur)

Table 11: The pure IR components of the groupesktiold tests applied in the cloud screening
(these are the only tests being used during nigie)t

Component name Used image| Function

features
(and result)

Cold Cloud T11Tsur Screens all clouds sufficiently colder than the
surface but only if the surface is not too cold.
(cloud filled) or Tsur
(cloud T11T3.7
contaminated)
T3.7T12
Cold Cloud v2014 | T11T3.7 This test measure the departure/deviation of the
_ observed T11t3.7 and T3.7t12 differences from
(cloud filled) or T3.7T12 the cloudfree simulations. If they are close to the
cloudfree simulations then we have a high
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Component name Used image| Function
features
(and result)
(cloud T11Tsur confidence that the FOV is actually cloudfree ang
contaminated) therefore require a larger departure in the t11-
Tsur tsur in order to classify cloudy.

Instead of applying a definite threshold in the
water cloud features T11T3.7 and T3.7T12 as e.g.
in the original cold cloud tests (see above) pixels
can still be classified cloudy in this test even the
water cloud features have values below sugh
thresholds, provided the cloud top is “cold

enough”.
Arctic Warm Cloud | T11Tsur Screens all clouds sufficiently warmer than the
_ surface. This test is only applied over sea ice Wit
(cloud filled) T1173.7 rather conservative threshold settings. Texturg
T3.7T12 included to avoid classifying ice cracks as clouds,
T3.7_TEXT

T3.7T12_TEXT

Cold Water Cloud T11T3.7 Screens sufficiently cold water clouds at night dug
_ to their colder appearance in 3.7um channel.
(cloud filled) T11Tsur
Cold Water Cloud | T11T3.7 Similar to the Cold Cloud v2014 test described
Day v2014 above. But in daytime we also further constrain
_ T3.7T12 the test by use of the R0.9/R0.6 quota.
(cloud filled)
T11Tsur
QRO0.9R0.6
T11
Water Cloud T11T3.7 Same as above but without temperature
_ restriction.
(cloud filled) or
(cloud
contaminated)
Arctic Water Cloud | T11T37 Aims to detect water or mixed phase clouds over

_ sea ice. The T37T12_TEXT is included to exclud
(cloud filled) T37T12_TEXT | 3.7um noise that is significant at very cold

1]
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Component name Used image| Function
features
(and result)
temperatures.
Thin Cirrus T3.7T12 Screens thin cirrus clouds at night through their
primary warmer appearance at shorter infrared
wavelengths (semi-transparency sign).
(cloud
contaminated)
Arctic thin Cirrus | T37T12 Same as above, but we include the T37_TEXT
primary feature over sea ice to avoid misclassifications of
T37_TEXT leads.
(cloud
contaminated)
Arctic thin Water | T37T12 We use the T37T12 feature with opposite signed

cloud

(cloud
contaminated)

T37T12_TEXT

thresholds over sea ice to detect transparern
clouds that are significant warmer then the
underlying surface. The T37T12_TEXT feature ig
included here to avoid a misclassification o
3.7um noise.

it

f

Thin Cirrus | T11T12 Same as Thin Cirrus Primary Test but using &

secondary smaller spectral interval and applied at
daytime/twilight.

(cloud

contaminated)

Arctic warm Cirrus | T11T12 Same as above, but with opposite signed

secondary Test thresholds over sea ice to detect transparent
clouds that are significant warmer then the

(cloud underlying surface.

contaminated)

Arctic thin Cirrus | T11T12 We use the T11T12 feature over sea ice with +/-

secondary similar threshold settings as the Thin Cirrus

T37_TEXT Secondary Test to detect cold transparent clouds.

(cloud - To avoid a false detection of leads the T37_TEXT

contaminated) feature is included here.

Thin Cold Cirrus T11T12 Same as above but requiring clouds to bge
sufficiently cold.

(cloud T11Tsur

contaminated)

Highcloud T85T11| T85T11 This feature detects high clouds. The idea is that

land (cloud
contaminated)

the contrast is better than for the T11T12 cast
and more robust against sunlight than the
T37T12 test.

14

L
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Component name Used image| Function
features
(and result)
Highcloud T85T11| T85T11 Same as above but thresholds are calculated for
sea (cloud sea surfaces.
contaminated)
sstNighttime T11 This test aims at detecting any cloud
contaminated pixel over sea, in particular thin
T3.7 cirrus clouds which can have T11 values very
close to the predicted surface skin temperature,
Tsur
and may go undetected by the other tests over sea.
T11T12

o

The Sea Surface Temperature (SST) is derive
Satsec:Coffs,) | fOr the pixel using the satellite secant (Coffsay)
and the OSAISAF platform dependent algorithm
T1ltexture (see ANNEX A), and the NWP predicted surface
skin  temperature as the  background
climatological SST.

124

Both the departure between the observed SS[T
and the predicted surface skin temperature
(Tsur) and the departure of the observed T11T12
to the predicted cloudfree value is stored.

The T11T12 departure is the tested against
threshold which depends non-linearly|
(polynomial in 3 degree) on the sst-departure|
The larger the sst-departure, the larger the
T11T12 threshold.

j2Y)

This means that pixel with a large SST departure
needs only a small departure in T11T12 to classify
cloudy, but a pixel with a small SST departure
requires a large T11T12 departure (a very
obvious thin cirrus feature).

In addition to this the pixel needs to have a
slightly raised local texture in T11 compared to
the expected cloudfree texture.

Table 12: Components of the grouped threshold tsggiied in the cloud screening during day and
twilight conditions.
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Component name Used image| Function
features
(and result)
Bright Cloud v2014 RO.6 This test aims at capturing low clouds in daytime
_ with top temperatures close to the predictec
(cloud filled) T11Tsurf cloudfree surface temperature and with only &
QRO.9R0.6 weak cloud signal in the T3.7-T12 feature. These
’ ' clouds usually have a high reflectance in in the ©.
T11T12 band (RO6) but as the cloudfree 0.6 reflectance |s
not adequately simulated for the actual surface
T11 relflectance conditions (the simulations are done

assuming a static mixture and forrest and open
land with no coupling to the actual surface
conditions) the threshold offset in this feature ha
to be set rather high to avoid misclassifying e.g.
barren and semi-arid cloudfree areas as cloudy.

The test use the fact that

1. the 11 and 12 micron emissivities of a
stratus cloud are nearly equal and that the
abundance of water vapour s
concentrated beneath and in the cloud
deck. Thus the t11 - t12 difference is close
to zero and much smaller than the
calculated cloudfree threshold.

2. stratus clouds have very high reflectance
values in the 0.6 channel

3. daytime stratus clouds seldom have to
temperatures above 20 C (measured in th
11 micron channel)

(OB

4. clouds have 0.6/0.9 reflectance quotas
around and a little below 1.0

5. stratus clouds have daytime top
temperatures colder than the cloudfree
condition (not warmer!)

—

Point 3, 4 and 5 above are all safety checks
try to avoid misclassifying cloudfree scenes gs
cloudy. Of particular concern here are desert or
barren land surfaces. Those areas may have diy
atmospheres (having low total integrated wate
content) making the cloudfree t11-t12 low, anc
may have small scale variations in the 11 and 12
micron emissivity further enhancing a low
cloudfree t11-t12. Also desert/barren areas have
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Component name

(and result)

Used
features

image

Function

high cloudfree 0.6 micron reflectivities. But with
an upper limit of 293.15K in the t11 many such
daytime cases should be avoided. Concerning

the information content (or the detection
capability) in this feature degrades as the
cloudfree atmosphere get's dryer. This mean
that in general this test will not work as efficien

in elevated terrain and at high latitudes. We have
made a threshold test dependency trying t
account for this, so that it will be harder for a
pixel to be classified as cloudy as the t11-t]
threshold gets lower.

[92)

A4

Bright Cloud
(cloud filled)

RO.6
T3.7T12

Screens all sufficiently bright clouds, requiring
high reflectance in 0.6um channel and minimum
difference in 3.7um — 12um channel.

Bright Cloud Sea
(cloud filled)

RO.6
T11

Screens all sufficiently bright clouds, requiring
high reflectance in 0.6pum channel and cold clou
tops according to T11.

This test has marginal effect, if any, since th
introduction of more effective daytime tests ovel
sea in v2014. See above. For the same reason
test utilise rather conservative threshold offsets

T11 to avoid misclassifying clear pixels as cloudy

11

the

Bright Cloud 3A
(cloud filled)

RO.6
QR1.6R0.6

Screens all sufficiently bright clouds, requiring
high reflectance in both channels, 0.6um an
1.6pum. The R1.6 threshold is linear in the secar

of the satellite zenith angle and is higher in the

forward scattering regime.

=

Bright Cloud 3A
No Sunglint
(cloud filled)

RO.6
QR1.6R0.6

Screens all sufficiently bright clouds, requiring
high reflectance in both channels, 0.6pum an

1.6um . Applied outside potential sunglint areas,

The R1.6/R0.6 threshold is static and set to 0.32.

Bright Cloud 3A
No Sunglint Land
(cloud filled)

R0.6
QR1.6R0.6

Screens all sufficiently bright clouds, requiring
high reflectance in both channels, 0.6um an

1.6um . Applied outside potential sunglint areas,

The R1.6/R0.6 threshold is static and set to 0.32.

Cold Bright Cloud
(cloud filled)

T11Tsur

Tsur

Same as the cold cloud test but also requires th
VIS reflectance to exceed a threshold.

e
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R0.6
Cold Bright Cloud 37 T11Tsur This test is used under daytime conditions ober
_ land and coast areas. Complementing and to some
(cloud filled) Tsur extent replacing the old “Cold Bright Cloud” test.
RO.6 In addition to the “Cold Bright Cloud” test it also
' test the T3.7T12 feature.

13.7712 The additional use of T3.7-T12 is possible
through a more accurate description in v2014 of
this feature under cloudfree conditions over land.

Reflecting Cloud PseudoR0.6 Identifies any reflecting cloud near the night/day
_ terminator. Requires reflection also in 3.7um
(cloud filled) T3.7T12 channel (separation from snow/ice)
Reflecting Cloud Sea | T11 Similar test and purpose as the “Reflecting
_ Cloud” test described above. This test is,
(cloud filled) PseudoR0.6 however, only applied over sea and coast ard
doesn’t use the T3.7T12 feature.
Reflecting Cloud 3A| PseudoR0.6 Identifies any reflecting cloud near the night/day
(pseudo06CloudTest3A) terminator. Requires a R1.6/R0.6 feature highef
_ QR1.6R0.6 than 0.45. The threshold in PseudoRO0.6 is linear
(cloud filled) in the sun elevation with the expression: 0.5% +
1.5%, where© denotes the sun elevation here).
Clouds in Sunglint RO.6 Low (opaque) clouds are separated from cloud
_ free sea in potential sunglint areas when the
(cloud contaminated) | QR3.7R0.6 R3.7/R0.6 ratio is lower than 0.7 and R0.6 exceeds

T11T12 15%. As an extra precaution the T11T12
difference shall be lower than the threshold for
detection of thin cirrus.

Sunglint 3A RO.6 Low (opaque) clouds are separated from cloud
_ free sea in potential sunglint areas when the
(cloud contaminated) | QR1.6R0.6 R1.6/R0.6 ratio is lower than 0.6 and R0.6 exceeds
15%.
Clouds in Sunglint 3A | RO.6 This test is applied over coastal regions (np
_ mountains) under both twilight and day
(cloud contaminated) | QR1.6R0.6 conditions, and in open water where sunlint
prevails. It relies on the 1.6 micron channel, and

QRO.9R0.6 the 3.7 micron band is not needed.

T11Tsur : .

It uses QR1.6R06 to avoid snow and sea ice. |It

T11T12 detects mainly low clouds by requiring the
T11T12 feature to be lower than the cloudfreg
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features

(and result)

threshold (a low opaque cloud deck will scree
the lower part of the atmosphere where the
abundance of water vapour is found and which
give rise to the main part of the cloudfree T11;
T12 difference through a lower transmissivity in
at high IR wavelengths and a decreasin
temperature with height).

The QRO0.9R0.6 feature is used to furthe

constrain the test, as cloudy pixels have quota

values close to one.

=)

D

=)

D

Cold Clouds in Sunglint | R0.6 Clouds are separated from cloud free sea i
_ potential sunglint areas when the R3.7/R0.6 ratiQ
(cloud filled) QR3.7R0.6 is lower than 0.7 and R0.6 exceeds 15%. As an
T11Tsur extra precaution the cloud shall be sufficiently
cold in T11 as compared to the surfacs
temperature.
Cold Clouds in Sunglint | R0.6 Clouds are separated from cloud free sea i
3A potential sunglint areas when the R1.6/R0.6 ratio
_ QR1.6R0.6 is lower than 0.6 and R0O.6 exceeds 15%. As an
(cloud filled) T11T extra precaution the cloud shall be sufficiently,
sur '
cold in T11 as compared to the surfacs
temperature.
Visland Cloud Test pseudoR0.6 This test is used at twilight and over coastal
regions only.
T3.7T12

It seeks to catch mainly low water clouds or sub
pixel clouds without using the temperature
information, but only using the reflective signal n
the 0.6 and 3.7 micron bands.

Table 13: The components of the grouped threslesis Lising texture and spatial information are
applied in the cloud screening .

Component name

(and result)

Used image features | Function

Texture Night

(cloud contaminated)

T11 text
T3.7T12_text

Pixel with high spatial variations in IR
identified as clouds. Difference of
infrared channels are used in addition to
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(and result)

reduce influence from thermal fronts at
sea.

Texture VIS RO.6_text Pixel with high spatial variations in VIS
_ identified as clouds.
(cloud contaminated)
Texture IR/VIS T11 text Pixel with high spatial variations in both
_ VIS and IR identified as clouds. High
(cloud contaminated) RO.6_text texture in both VIS and IR required in
order to avoid mis-classifying thermal
fronts.
Water Cloud Over Water T11T3.7- The test aim to detect water clouds af

T11T3.7warmest
T11-T1llwarmest

Tsur

night over open sea with cloud tops
colder than the sea surface. It tests if the
pixel is “more cloudy” in terms of t11
and t37 compared to the warmest (in
terms of t11) pixel in a 5 by 5 pixel
neighbourhood. To avoid applying the
test over sea ice, the NWP predicte
surface temperature has to be above
threshold (set to 275 K).

D

D O

Bright Cloud Over Water

Tsur
R0O.9
T11Tllwarmest

R0.9R0.9warmest

The test aims at detecting thin and
broken clouds over sea at day (including
sunglint). It finds the warmest pixel in
t11 in a 5 by 5 pixel neighbourhood, ang
if the following points are fulfilled the
pixel is cloud contaminated:

e If the 0.6 micron reflectivity is
larger than the for the warmest
pixel

e If the 11 micron tb is lower (pixel
is colder) than for the warmest
pixel minus a static threshold

 If the nwp forecasted/analysed
skin temperature is higher than a
static offset (this is to avoid
testing over potentially sea-ice
covered areas)

SST Daytime Test

T11

Tsur

Similar to the SST Nighttime Test. But
utilising also the local texture in R0.6 and
additional short wave features (R1.6 o
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(and result)
S&tSGC:COﬂsaa R3.7 and QR09R06)
T11T12 The daytime OSISAF algorithm is also

different and only utilise the T11 and
(R1.6 if available) T12 bands, and not the 3.7 micron band
which is used in the nighttime algorithm.
T11 text See ANNEX A.

QRO0.9R0.6
RO.6_text
(R3.7 if available)

SpatialCloudTestLand R06, RO6warmest The test aim at detecting sub-pixel ang
broken cumulus clouds and thin cirrus

T11, Tllwarmest | clouds over land at day.
Tsur The assumption is that the warmest pixe

in a 5x5 neighbourhood is cloudfree of
closest to the cloudfree conditions in thg
features tested, and that if the pixel in
question is both significantly colder and
brighter, and also have a greater t11t14
difference, then it is most likely
contaminated by a cloud.

A%

The test is bounded by the tl1l and
predicted surface skin temperature, sd
that a pixel cannot be cloudy if the t11 is
above 34°C or if the Tsur is warmer than
40°C

4.1.2.2.2 Threshold tests, per time of the day

Table 14: The set of grouped threshold tests, us#tk different algorithm regimes during day. The
grouped tests are listed in the same order as #éneyapplied in the algorithm. The tests are applied
in sequence as described in section 4.1.2.8. Pixédlibe tested by a variable number of the grouped
tests listed, but always in the order shown e.@ne extreme a coastal pixel may undergo one test
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(snowLandTest(3A)) during day and the result is@gice contaminated (cloudfree) pixel.. In the
other extreme 14 tests may be required for a cbastal during day.

Environmental Sequence of testing
regime
Day-Coast snowLandTest(3A) snowSeaTest3A v2014 sridunglintTest(3A)

DriedOutLakesAndRiversTest SaltLakeTest ClearNewWé&erBodies
brightCloudTest_v2014 coldWatercloudTestDay
brightCloudTest(3A) brightCloudTestNoSunglint3Aland
coldBrightCloudTest37 thinColdCirrusTest coldClouddnSunglint
cloudsIinSunglint(3A) sunglintTest3A coldCloudTestDg_v2014
HighcloudTestt85t11land

Day-Coast- snowMountainTest(3A) snowSunglintTest(3A)

Mountain DriedOutLakesAndRiversTest SaltLakeTest ClearNewWégerBodies
brightCloudTest_v2014 coldBrightCloudTest
coldWatercloudTestDay brightCloudTest(3A)
coldBrightCloudTest37 thinColdCirrusTest coldClouddnSunglint
cloudsIinSunglint coldCloudTestDay v2014
HighcloudTestt85t11land

Day-Land snowLandTest(3A) snowSunglintTest(3A) CledNewWaterBodies
NotCloudHeavyAerosol brightCloudTest v2014
brightCloudTest(3A) brightCloudTestNoSunglint3ALand
coldBrightCloudTest37 coldWatercloudTestDay(3B only
coldBrightCloudTest thinColdCirrusTest coldCloudTestDay v2014
HighcloudTestt85t11land SpatialCloudTestLand

Day-Land- snowMountainTest(3A) ClearNewWaterBodies

Mountain NotCloudHeavyAerosol brightCloudTest _v2014 brighCloudTest
brightCloudTestNoSunglint3ALand coldBrightCloudTest37
coldBrightCloudTest coldWatercloudTestDay thinColdQrrusTest
coldCloudTestDay v2014 coldCloudTestDay v2014
HighcloudTestt85t11land

Day-Sea snowSeaTest(only 3B) snowSeaTest3A v2014
DriedOutLakesAndRiversTest SaltLakeTest coldBrighCloudTest
brightCloudTest(3A) coldWatercloudTestDay
brightCloudTestNoSunglint3A thinCirrusSecondaryTest
texturelrvisTest textureVisTest textureNightTest
brightCloudTestSea brightCloudOverWaterTest sstDayimeTest
HighcloudTestt85t11sea

Day-Sea Ice snowSeaTest(3A) coldCloudTest coldBnitCloudTest
brightCloudTest(only 3B) coldWatercloudTest
brightCloudTestNoSunglint3A coldCloudTest
thinCirrusSecondaryTest brightCloudTestSea coldClodTest_v2014
HighcloudTestt85t11sea

Day-Sunglint snowSunglintTest(3A) DriedOutLakesAndRversTest SaltLakeTest
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Environmental
regime

Sequence of testing

thinCirrusSecondaryTest texturelrvisTest coldBrightCloudTest
coldCloudsInSunglint(3A) brightCloudTest(only 3B)
cloudsIinSunglint(3A) coldCloudTest brightCloudTest®a
brightCloudOverWaterTest HighcloudTestt85t11sea

Table 15: The set of grouped threshold tests, us#tk different algorithm regimes during night.
The grouped tests are listed in the same ordehag are applied in the algorithm. The tests are

applied in sequence as described in section 4.1.2.8

Environmental
regime

Sequence of testing

Night-Coast coldClearArcticAreaTest coldCloudTest oldWatercloudTest
watercloudTest thinCirrusPrimaryTest thinCirrusSecondaryTest
coldCloudTest_v2014 HighcloudTestt85t11land

Night-Coast- coldClearArcticAreaTest watercloudTest coldWatercladTest

Inversion coldCloudTest thinCirrusPrimaryTest thinCirrusSecondaryTest
coldCloudTest coldCloudTest_v2014 HighcloudTestt8%tland

Night-Coast- (Identical to the Night-Land-Mountain scheme.)

Mountain

Night-Land coldClearArcticAreaTest coldCloudTest cddWatercloudTest
watercloudTest (only outside desert) thinCirrusSecedaryTest
thinCirrusPrimaryTest coldCloudTest_v2014
HighcloudTestt85t11land

Night-Land- coldClearArcticAreaTest waterCloudTest coldWaterclaidTest

Inversion thinCirrusSecondaryTest thinCirrusPrimaryTest coldCloudTest
coldCloudTest_v2014 HighcloudTestt85t11land

Night-Land- coldClearArcticAreaTest waterCloudTest (only outice desert)

Mountain coldWatercloudTest coldCloudTest thinCirrusPrimaryT est
thinCirrusSecondaryTest coldCloudTest_v2014
HighcloudTestt85t11land

Night-Sea waterCloudTest thinCirrusPrimaryTest textureNightTest
coldCloudTest coldWatercloudTest watercloudOverWateT est
coldCloudTest coldCloudTest_v2014 HighcloudTestt8%flsea

Night-Sea Ice ArcticwaterCloudTest coldCloudTest ActicthinCirrusPrimaryTest

ArcticthinwaterCloudTest ArcticwarmCloudTest
ArcticwarmCirrusSecondaryTest ArcticthinCirrusSecondaryTest
HighcloudTestt85t11sea
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Table 16: The set of grouped threshold tests, us#tk different algorithm regimes during twilight.
The grouped tests are listed in the same ordehag &re applied in the algorithm. The tests are

applied in sequence as described in section 4.1.2.8

Environmental
regime

Sequence of testing

Twilight-Coast

snowLandTest(3A) snowSunglintTest(3AsnowTwilightTest(3A)
coldClearArcticAreaTest coldCloudTest
reflectingCloudTest(pseudo06CloudTest3A) thinColdQrusTest
reflectingCloudTestSea coldWatercloudTest waterclodiTest
vislandCloudTest coldCloudTest thinCirrusSecondaryest
thinCirrusPrimaryTest cloudsinSunglint(3A) sunglint Test3A
coldCloudTest_v2014 HighcloudTestt85t11land

Twilight-Coast-
Inversion

snowLandTest(3A) snowSunglintTest(3A) snowTwilightEst(3A)
coldClearArcticAreaTest
reflectingCloudTest(pseudo06CloudTest3A) thinColdGrusTest
coldCloudTest watercloudTest vislandCloudTest
thinCirrusSecondaryTest thinCirrusPrimaryTest
cloudsinSunglint(3A) coldCloudTest_v2014
HighcloudTestt85t11land

Twilight-Coast-

(Identical to the Twilight-Land-Mountain scheme.)

Mountain

Twilight-Land snowLandTest(3A) snowSunglintTest(3A)snowTwilightTest(3A)
coldCloudTest reflectingCloudTest(pseudo06CloudTeS8A)
coldWatercloudTest watercloudTest thinCirrusSecondayTest
thinCirrusPrimaryTest coldCloudTest_v2014
HighcloudTestt85t11land

Twilight-Land- snowLandTest(3A) snowTwilightTest(3A) coldClearArcicAreaTest

Inversion rflectingCloudTest (pseudo06CloudTest3A) thinColdQirusTest
watercloudTest thinCirrusSecondaryTest thinCirrusPrimaryTest
coldCloudTest coldCloudTest_v2014HighcloudTestt85tland

Twilight-Land- snowMountainTest(3A) snowTwilightTest(3A)

Mountain coldClearArcticAreaTest brightCloudTest3A coldBrightCloudTest
coldWatercloudTest coldCloudTest coldCloudTest _v201
coldCloudTest watercloudTest thinCirrusSecondaryTet
thinCirrusPrimaryTest HighcloudTestt85t11land

Twilight-Sea snowSeaTest(3A) thinCirrusSecondaryTest texturelngTest

textureNightTest coldCloudTest
reflectingCloudTest(pseudo06CloudTest3A) coldWatetoudTest
watercloudTest coldCloudTest reflectingCloudTestSea
coldCloudTest_v2014 HighcloudTestt85t11sea

Twilight-Sea Ice

snowSeaTest(3A) thinCirrusSecondaiT est texturelrvisTest
coldCloudTest reflectingCloudTest(pseudo06CloudTeS8A)
coldWatercloudTest watercloudTestcoldCloudTest
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Environmental Sequence of testing
regime

coldCloudTest_v2014 HighcloudTestt85t11land
arcticthinCirrusPrimaryTest

Twilight-Sunglint coldCloudTest coldBrightCloudTest coldCloudTest
thinCirrusSecondaryTest texturelrvisTest HighcloudTestt85t11sea

4.1.2.3 Low level temperature inversions

Separation of low clouds and cloud free land orewedurfaces during night and in twilight
sometimes becomes a particular challenging, iimpbssible, task using satellite data alone.

In the absence of sunlight the brightness temperatifference between the 11 and 3.7um channels
is normally large enough to allow detection of lewater clouds. However, exceptions do occur
where this difference is so small that separatiomfthe cloudfree case becomes ambiguous. Over
the open ocean low clouds may contain rather lavgter droplets and during the mid to high
latitude winter season low clouds may sometimessisbrof a sufficiently high amount of ice
particles. In both cases the shortwave IR emigsatithe cloud top is high enough so as to erase th
normally existing 11 minus 3.7um brightness tempeeadifference.

When the sun is just above the horizon the 3.7ughtiress temperature is raised due to the
additional radiance from reflected sunlight, andtewacloud detection using the 11 and 3.7um
brightness temperature difference is impossible dianfiguration employed the AVHRR/3 on some
of the polar orbiters (see section 4.2.2.1.1) whéee channel 3A and channel 3B are switched
passing between day and night does not eliminaseptioblem. First as the switching is done from
one line to another there will inevitably be regiomithout sunlight and without channel 3B data.
Secondly even with the sun above the horizon tGgrf.reflectance signal might not be sufficiently
strong in order to be used unambiguously to sepavater clouds from cloud free land surfaces.

In the above described situations the only possiisigful feature is the difference in the surface
temperature and the 1lpm brightness temperaturievds, it requires that the cloud top is
sufficiently colder than the surface, and this as always the case. Especially over land and during
the winter season low level temperature inversemesnormally quite frequent, and the cloud top is
often as warm as or even warmer than the surfaeeldtter phenomena is often referred to as black
stratus in satellite remote sensing).

Comparing radiosonde and Hirlam profiles, we fowsihg the temperature difference between
950hPa and the surface that Hirlam is generallalolgpof correctly detecting the presence of low
level inversions in wintertime situations over memn Europe, even though the strength is often not
correct. The 950hPa level may seem rather lowtH®isituations we are after are those occurring in
stationary situations with usually a rather highfate pressure. No attempt is made to detect
inversions in high terrain and over sea ice, as NM\ffles are less reliable in lower levels herer. F
the same reason the threshold offset in T11 isrgéipeset rather high in mountainous terrain and
over sea ice.
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The presence of a low level inversion as detectiéidl this method is a direct indication of high risk
for significant errors in the estimated surface gemature (frequently the skin temperature is much
lower in reality). If an algorithm were to ignorech expected errors and rely on the T11 only and it
threshold (derived assuming a correct skin tempegatloudfree areas at night or in twilight would
frequently be misclassified as cloudy.

When a low level inversion is detected a particbiain the processing flags dataset is set imghici
indicating low quality (see sections 4.2.1 and 3).2lf the inversion is strong defined byuface -
Tesonpa< 5K no cloud detection using only the T11 featwatiempted, and thus certain wintertime
stratus and areas of water clouds in twilight mayain undetected. But if the inversion is weak or
non-present according to the NWP model, the T1iufeais utilised to detect cold low clouds
without any clear nighttime water cloud signalle fT11 - T37 feature.

In case of a weak inversion the observed brightteseperature at 11um has to be 17K lower than
the cloudfree simulation using the forecasted, @fteh erroneously too warm, surface temperature,
whereas in areas of no risk of low level inversidghe corresponding offset is 8K (12K in
mountainous terrain).

4.1.2.4 Probability for sunglint

The probability for sunglint is calculated using ttormula derived by Berendes et al. (1999) which
depends purely on the sun-satellite viewing gegmeterendes et al. derived their formula from the
distribution found by Cox and Munk (1954) assumary isotropic average wind field with wind
speeds in the range of 0 to 14m/s. We use thisapibity of sunglint measure only as an indicator of
risk for sunglint. If the probability is larger tha threshold, currently set to 1.0%, we activate t
processing flag for presence of sunglint and invgecially designed sunglint threshold sequences.

4.1.2.5 Desert and barren areas

The PPS cloud algorithms were foremost developeagplications at high and mid latitudes, such
as encountered in central and northern Europe djadtent seas. However, the PPS cloudmask has
been tested and improved for the purpose of closédimg over the whole world. The surface
conditions, concerning the spectral emissivitied agflectivities over desert and semi arid areas ar
considerably different from the surfaces (mixed ropand and forest) for which the PPS was
developed and tuned. This is most pronounced ®BtAum channel whose emissivity is substancial
less than 1. Additionally, the short wave refleitids are high over desert sands. Therefore these
extreme conditions have been tackled by a speealrent in earlier versions..

In version 2014 we introduced a surface treatmdmnchvincludes the solar contributions especially
for the 3.7um channel. With the explicit use offsce emissivity and reflectivity any special
procedure for certain land classes becomes redtmlagven deteriorating. Therefore, the USGS
land cover characterization is used only to distisiy between land and sea pixels.
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4.1.2.6 Definition of mountainous terrain

Mountainous terrain pose problems for the PPS ctoadk for several reasons, the most important
ones are listed here below:

1. Sloping terrain within the AVHRR/VIIRS FOV resulgnin locally changing sun-satellite
viewing conditions and shadows, altering the serfatlectance.

2. Locally varying terrain height on a scale not rgedl by the NWP model topography. This
may result in an actual average elevation ove AMERR/VIIRS FOV which is far from the
elevation given by the model topography, and comsetly the NWP parameters, and in
particular the forecasted/analysed surface skirp&zature, may deviate substantially from
the truth.

3. A highly varying topography (on the scale of a feundred meters to a few kilometers)
enhance small scale climate variability usually wetl captured by an NWP model with a
resolution of several km (say 10 or more). Thiselated to point 2 above.

4. Highly elevated terrain (including plateus, not essarily with a high local variation in
topography) in general give rise to colder tempees. Very cold surface conditions reduce
the signal to noise especially in the longwave #gion around 3.7 microns, which is a
crucial spectral band for nighttime cloud detection

As shadows are not explicitly handled in the alipon, and since surface reflectance is modelled
after a completely flat earth surface over the F@¥, issue raised in point 1 degrades the daytime
cloud detection features based on the short waeetrspp bands (0.6, 0.8, 1.6 and 3.7 microns).
Under point 1 conditions the algorithm needs teéful not to go as close to cloudfree

thresholds as it is possible over more gentle iterRoint 2 and 3 requires the cloud mask algorithm
to be more cautious especially in the use of thiéase skin temperature in terrain with high local
variability in elevation, as it is more prone toweng here.

Point 4 is actually implicitly treated by the NWPRbdel as long as the terrain is only varying slowly
in elevation over horizontal scale comparable ® MWP grid resolution. If the terrain is highly
variable, the problem is already described by p2iand 3.

Due to these potential problems PPS is using acstaap that distinguish gentle terrain, with

variations in elevation which are small over a scamparable to the NWP grid resolution, from
rough terrain with variations in elevation whicle darge over the NWP grid cell. Before PPS-v2014
the distinction between gentle and rough terrairs \@ane purely on the 1km resolution digital

elevation map (USGS GTOPO 30, see further on). Rrersion 2014 we derive a roughness map
from the 1km elevation data, by deriving the stadddeviation of the elevation in meters over a
local 11 by 11 pixel kernel. The threshold delim@gigentle from rough terrain is set to 1000m. In
version 2012 end earlier the threshold was 500mlevation.

There is a rather good correlation between roughitas defined above) and elevation over the
European area and thus the general impact of théége is modest on average over Europe.
However, on a global scale there are substantifdrehces between the two means of identifying
rough terrain as can be seen from Figure 1, Figuand Figure 3. Especially over the East Asian
areas and over large parts of Africa and Antardtieadifferences are significant.
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Digital levation Map - USGS GTOPO-30

I i i i ]
0 1000 2000 3000 4000 5000 6000 7000 8000

Figure 1: The digital elevation map used in PPS

Elevation above 500m

Figure 2: Global map highlighting areas on the dawith an elevation above 500 meters.The 500
meter limit was used previously in PPS to delinéateland from mountainous terrain.
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Rogh terrain according to PPS

Figure 3 Global map showing where on earth theai@ris rough according to PPS. This is the
dataset used in PPS from version 2014 to delimatgh/mountanous terrain from low-land/gentle
terrain.

4.1.2.7 Definition of sea ice surface

We have adapted the PPS software for cloud pragkretration over sea ice. The cloud detection is
very problematic over sea ice during night-timeawese of 1) the unreliability of the NWP surface
temperature prediction over ice, 2) the frequeuo@nce of temperature inversion, i.e. clouds have
often similar temperatures as the ice surface anthe extreme low temperatures leading to a very
high noise to signal ratio in the 3.7um channel §maronounced for the AVHRR instrument).
During daytime misclassifications of thin fog lageoccurring frequently over sea ice during spring
and fall, were observed and the software was adaueordingly.

The surface conditions over sea ice are ratheeréifit then surface conditions over open ocean or
land surfaces and we have thus decided to use 8I8AP sea ice product to define a different
environmental regime. We define the open ocearicascovered’ if the sea ice concentration is
higher then 30 % or in case an ice map is not abia| if the NWP ice surface temperature
definition is significant below 273 K over open ace The OSISAF product does not contain data
around the pole, but we consider this area as lmingtantly ice covered.

4.1.2.8 Accounting for a changing land cover with time

Due to the ongoing global climate change and irgingaman-made impact (e.g. dams for water
power or heavy and sustained irrigation) on thehsaresources, or simply because of natural
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seasonal variations, it happens that the USGSuaadlataset show water in some locations where it
actually is land at the time of the satellite degtrieval. Or vice versa, the land use dataset migh
show land where there actually is water. Figurduétrate a case where the land use shows a lake of
a certain size, while one can see in the satéflitgge that the actual size of the lake is signifilya
smaller.

To cover up for some of such situations we haveothiced a number of clear tes@Gldar New
Water BodiesSalt Lake TesandDried Out Lakes And Rivers Tess outlined in Table 8.

Figure 4: Usgs Landuse map (left) and S-NPP VIIR& Tolor image taken Jund'52013, 10:41
UTC received and processed at SMHI. The area indagthe Lake Urmia in Northeastern Iran.

4.1.2.9 Other clear screening test

In version 2014 CMa several clear screening test® lbeen included. These are performed before
the cloud tests. A part from the test accountingcfaanging land cover there are one test that check
for very cold (below 230K) clear areas during nightthese conditions the temperatures are so low
that cannel 3.7 often have nodata and can not & fos any tests. The other new clear test screens
for very heavy aerosols to not misclassify theseclasids. See Table 8 for all clear tests and
descriptions.

4.1.2.10 Test sequence

The algorithm consists of a sequence of groupezshiwld tests. In a grouped threshold test, several
of the features listed in Table 7 are tested tagetm order for a grouped threshold test to be
successful (decisive), all feature tests constituthe particular grouped test have to be sucdessfu
for the given pixel.

As the dynamic thresholds have been derived frorMRimulations of cloud free land and ocean
surfaces in absence of snow cover (or sea icajleanification and screening of snow covered cloud
free surface are attempted prior to any cloud earckcreening tests. All clear screening tests are
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done before the cloud screening tests. The setoojpgd threshold tests used in the snow screening
clear screening, and in the cloud screening aredlis;m Table 8, Table 9, Table 10, Table 11, Table
12, and Table 13.

Some degree of fuzziness is introduced in the tioldég, by keeping track of the feature distances
to the thresholds. The test sequence is continngbaugrouped threshold test is successful and all
of its feature tests are passed with a safe mafgiat is, all features in the grouped test are
sufficiently far away from the thresholds if thestiés to be decisive.

First of all pixel is set to 1c(ear). If the test is passed and all of the featuree halues far away
from their corresponding thresholds the outputeiste 1 (clear, only for clear tests) (snow/ice
contaminated), 3 (cloud contaminated), or 4 ¢loud filled) depending on the purpose of the test,
and the test sequence is stopped; the low quddityi$ unset if set. If the test is passed butane
more of the features have values close to thenesponding threshold the output is set to 2, 3} or
depending on the purpose of the test, a dedidatedquality flag is set, and the test sequence is
continued. The thresholding algorithm is logicallyided in a number of sub-algorithms depending
on the actual situation in terms of

* lllumination: day/twilight/night
» Geography: land/coast/sea/sea ice

* Topography: Mountaneous terrain with high locallscaughness or gentle/smooth terrain
(plateau or low land)

* Sunglint

* Presence of low level temperature inversion

All the above variables put special requirementstlom algorithm. Different environments and
illumination conditions require different featurests and sometimes also different thresholds or
threshold offsets.

Sunglint is the specular reflection of sunlight oweater surfaces, and is thus only considered over
coast and opensea surfaces. Furthermore we only consider low level tempemtinversions
during night and twilight over land and coast, andy in low terrain. The presence or not of
temperature inversions are relevant only whenrtgshie observed@11 (T11) against the forecasted
surface temperature. During day other more effediatures are always available and furthermore
temperature inversions are far less frequent. 8ettos 4.1.2.2.2 for the motivation of the inclusio
of the inversion variable.

Potentially this gives eight differetand algorithms, thirteen differerdoast algorithms, and eight
differentsea algorithms. Thus in total 24 different algorithnkowever, in our implementation we
distinguish only between eigldoast algorithms instead of thirteen, as we implicitheat the
sunglint problem within the three twilight and ttveo day algorithms. The 24 different algorithms
and the sequence of the applied grouped thresesis are listed in , Table 15, and Table 16.

Observe that it is possible to have high terraia toastal area, as is the case e.g. along larteegha
the Norwegian coast (at many places fjords cutiatber rough terrain where the topography within
the instruments FOV may vary as much as from sesl te around 2000 meters above sea level).
Furthermore since the FOV may be over both watel law land at the same time one may
encounter problems of both sunglint and the presehtow level inversions.
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4.2 PRACTICAL CONSIDERATION

4.2.1 Quality control and validation

Table 17: Offsets (safety margins) for quality asseent applied to the CMa thresholding.

Cloud test RO.6 PseudoR0.6 R1.6 R3.7 QR1.6R0.6 QBRO0.6
Offset 2.0% 0.5% 2.0% 1.0% 0.06 0.10
margin

Cloud test QR3.7R0.6| T11 T117T3.7| T11T12| T3.7T12 TTI%ur
Offset 0.06 1.0K 0.30K 0.30K 0.30K 1.0K
margin

Cloudtest | RO.6 text | T11 text | T3.7T12]
text

Offset 0.15 0.15 0.15
margin

Some offsets differ between GAC settings and norEG#ttings, but the values in Table 17 are
valid for both cases.

As outlined in detail in section 4.2.3 a set ofgassing flags are included in the CMa product. One
of these flags may be used directly as a qualdicator of the pixel classification. The procedare
how thislow quality flag is being set has been outlined in sectior?410:

» a pixel classified as cloudy is flaggexv quality (cloud mask result is associated with low
confidence) if no cloud detection test was reallgcessful. A threshold test is considered
really successful only if the difference betweea threshold and the measurement is larger
than a test dependent offset or safety margin.eTabllists the offsets applied.

» a pixel classified as cloud free is flaggesv quality if the difference between a feature
threshold and its observed (measured) value isrldien the offset associated with that
feature (see Table 17) for at least one groupeasidest.

» a pixel classified as snow/ice contaminated isgégtjow quality if the difference between a
feature threshold and its observed (measured) vallever than the offset associated with
that feature (Table 17) for the grouped snow/icecen test or at least one grouped cloud
test.
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Table 18 Accuracy measures and verification sctoethe CMa (version 2014) for 99 orbits of AVHRR-
GAC data 2006-2009 compared to CALIPSO.

Observed Accuracy --- AVHRR GAC Global data

POD-
cloudy%

FAR- POD- FAR- \
cloudy % clear % clear %

Hitrate

PPS GAC (all) CLARA-A1
v2010

725900

PPS GAC (all)
v2014

0.77 75.0 9.9 82.3 39.7 7850434

Table 19: Accuracy measures and verification scéoeshe CMa (version before 2005) as
compared to the Synop reports, for all winter caemaed those with and without the presence of low
level temperature inversion. ma is the mean abesd@utor in octas. h is the hit rate where cloudy is

defined as 6 to 8 octas and cloud free as 0 tot2sp@and all cases with a Synop cloud cover
between 3 and 5 (both inclusive) are not considelPed stands for probability of detection, and far

is the false alarm rate. N is the total number yfi&p-satellite comparisons.

Ma H bias[%] | Podcoud | farcioud | pOdcear | farcear | N
Winter | 1.59 0.884 1.9 0.938 0.062 0.659 0.341 55947
Winter | 1.38 0.909 4.2 0.966 0.034 0.589 0.411 36592
No Inv
Winter | 2.00 0.830 2.4 0.856 0.134 0.741 0.260 10355
Inv

In addition to thelow quality flag there are further processing flags which iedily provide
information on the reliability or quality of the Gioutput. For instance, it is well known that cloud
detection is more difficult during night and twitigas compared to day, and this is also refleated i
the cloudmask validation results (see validatiopore of pps v2014, Dybbroe et al. (2005b)).
Likewise, the presence of low level temperatureeisions over land and sunglint over sea, should
raise a warning indicating lower reliability. Théi@ processing flags include a flag for high risk of
sunglint and a flag for presence of low level irsiens, which may be used to sort out these pixels.

Despite a much improved cloud detection in sungistcompared to SCANDIA for instance as
reported in Dybbroe et al. (2005b) it still happenste frequently that the CMa mistakes cloud free
sea in sunglint for clouds. Table 19 summarisevdlgation results for winter cases with and
without low level inversions for PGEO1 version bef@005. More details on the Synop satellite
comparison can be found in Dybbroe et al. (2008tgsults for PGEO1 v2014 compared with
CALIPSO data show that POD-cloudy is lower (-15%lew there are inversions present. However,
POD-clear is better (2.5%) for inversion conditiofhis indicates that cloudy pixels during
inversion conditions are not expected to be of logeality. (Data compared was 150 thousands
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matched locally received avhrr/iviirs pixels ovemdaduring night/twilight and inversion/not
inversion conditions).

Comparison between CMa v2012 and v2014 show th&t-8l€ar and POD-cloudy is improved and
that there are less nodata pixels in the cloudr(taigker N). See the validation report of PPS v2014
andTable 18for more detailed results.

The CM SAF cloud dataset CLARA-A1, used PPS ver&io10 to retrieve cloud mask. CLARA-A1
has been validated against CLOUDSAT/CALIPSO (sedskan and Johansson 2013 and Karlsson
et al. 2013). For the Metop validation against CIAT/CALIPSO it is unfortunately only possible
for arctic regions due to overlap constrains ofterlsee also Karlsson and Dybbroe, 2010 for
validation of earlier version of PPS in the Arctic.
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4.2.2 List of inputs

4.2.2.1 Satellite data

The algorithm has been developed specifically hier Advanced Very High Resolution Radiometer
(AVHRR) on board the current and future polar argitNOAA and EUMETSAT Metop satellites.
It has been implemented so that it automaticallgdies both AVHRR/2 data, with channel 3B
during both day and night, and AVHRR/3 data, witlacnel 3B during night and 3A during day.

Table 3 lists the set of channels of the AVHRR/B.channelsare mandatory for the CM&fforts
have been made to widen the applicability of th& RiPother instruments on polar platforms. Up
to now it is possible to process MODIS data, datanf VIIRS on the Suomi-NPP and
preparations have been done (as far as possibldéltice JPSS satellites. S&able 20for a
complete set of channels.

Table 20:The channels, which are used for the cloudmaslsifiestion. Mandatory and optional
channels are specified. Either the 1.6pum chann¢her3.7um channel has to be available. The
3.7um channel is, however, mandatory for the aértesg output (see section 4.2.3).

aMum) | 0.6 0.9 1.6 3.7 8.5 11 12

mandatory | mandatory | At least one of them| optional mandatory | mandatory
is mandatory

The instrument data being input to the CMa arebcaied, geo-located (navigated) and mapped to
the specific geographical projection and area tdrast or processed on the whole satellite swath.
For AVHRR, the calibration, geo-location and remagpis done outside the CMa by the PPS

common functions (AHAMAP) taking either AVHRR levéb (AAPP definition) data as generated

by AAPP, or archived level 1b NOAA LAC data. Thétéa is not a SAF requirement.

4.2.2.1.1 AVHRR channel 3A/3b commutation scheme

The AVHRR/3 instrument has 6 spectral channels lavi@. However, due to a fundamental
constraint in the AVHRR only data from five charsmieln be transmitted to ground at the same
time. As a consequence a switching or selectiothefchannel 3A (1.6um) and 3B (3.7um) data
stream has to be made. The commutation schemendyrie effect is so that all current NOAA
satellites except NOAA-17, transmit only data frairannel 3B. Only on NOAA-17 an automatic
switching is performed so that in daytime chanrkli8provided and during night-time the channel
3B is the active. The switching is performed whes $atellite passes a day-night terminator.
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NB! It is worth mentioning that the switching will sotimees result in situations with only two
useful channels (the IR channels 4 (11um) and 5(@pavailable, in contrast to three (channels 3B,
4, and 5) when no switching is performed. This eew channel 3A is active and part of the scan the
sun is below the horizon.

For the VIIRS instrument channel M10 and M12 (respely channel I3 and 14 in the higher spatial
resolution), corresponding to the AVHRR channels &#&l 3B, are usually both available at the
same time.

4.2.2.2 Sun and satellite angles

The instantaneous sun-satellite viewing geometistased for every satellite FOV. The angles are
the sun zenith anglégun), the satellite zenith anglését) and the sun-satellite azimuth difference
angle as well as the sun and satellite azimutheanglhe satellite zenith angle is always positive a
increases from 0° at the sub-satellite point toual88° at the edges of the swath. The azimuth
difference is defined as

_ [360° - dg: o> 180°
5¢_{5§d : OP< 180

Wheredd’ = |®Psun -Psat|. Heredsun is the sun azimuth (counted clockwise from the llocath) and
®sat is the satellite azimuth. Surface specular reftectin a perfect mirror will be observed by the
satellite wherd® = 180° provided the sun zenith angle equals the satekiteth angle.

The sun zenith angle is used to define what wer riefeas day, night and twilight, used when
structuring the algorithm in different test sequenasing different grouped threshold tests and
different threshold offsets. According to the dafon used here it is day wheizun < 80°, night
when6sun > 95°, and twilight for values dfsunin between.

The sun-satellite angles are mandatory for the Ciy are derived from the AAPP level 1b file
(or the corresponding NOAA LAC data) by using (eatkextensive and expensive) interpolation and
extrapolation (see [RD.2.]).

4.2.2.3 Land cover characterisation and elevation

We use the 1km global land cover characterisatiatalthse available from the Unites States
Geological Survey (USGS) (see Anderson et al., H®b6Eidenshink and Faundeen, 1994), mainly
for separating land and water surfaces, but alsdewtify barren and desert areas where shortwave
IR emissivities are significantly below 1 (Salispuand d'Aria, 1994). Digital elevation model
(DEM) data is derived from the&slobal 30 arc seconds topography databhaseTOPO30,
(http://edcdaac.usgs.gov/gtopo30/) and used torgeplow and gentle terrain from high and rough
mountaneous terrain.

The native elevation and land-use data are beincegsed and mapped onto the swath of each scene
by the PPS software to produce land-use, elevatimghness, and fraction of land maps. gee.]

for a description of how to generate physiographyadior a scene. The physiography data are
mandatory for the CMa.
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4.2.2.4 Surface Infrared emissivity data

For calculating the threshold tables varying landage infrared emissivity data has been taken into
account. The global land surface emissivity datedus the standard MODIS product, MYD11C3
(Version 005)..

In the PPS software package is included a numbemiésivity files, which contains a climatology
of the described emissivity data from ten yeardat& (2003-2012), and mapped to tiles.

4.2.2.5 Seaice data

Sea ice data can be provided optional to the PB&Iahasking algorithm to define the presence of
sea ice. We use the ice concentration map fronOBKSAF to define the environmental regime ‘sea
ice’. The sea ice schemes are used in case tlmimntration is higher then 70 %. If no ice data
are provided, the NWP surface temperature is cliecker open ocean. If this temperature is
significant below 273 K, the sea ice cloud masldogemes are switched on.

Either operational or re-processed ice concentratiap from OSISAF can be used.

4.2.2.6 NWP data

The CMa algorithm needs a reliable estimate ofdblemn integrated water vapour content, the
surface (skin) temperature, and the temperatutbea®50 hPa level, in full (map-projected) pixel

resolution. The total water vapour column and sfeemperature are input to the derivation of the
dynamic thresholds, and the temperatures at tHacguand 950 hPa are used to identify low level
temperature inversions.

These data are extracted from NWP model output.Newcasting purposes time is critical and
therefore the PPS system will attempt to derivettinesholds and mapped NWP parameters prior to
the satellite overpass. The system is configureddsgult to look for both analysis fields and short
range forecasts with lead times between 6 and RasHoom the configured NWP model. The lower
limit of 6 hours is in order to avoid possible plerbs related to model spin-up. When possible (eg.
for re-processing) PPS can be configured to usalid (close in time to the satellite overpass) NWP
analysis.

The PPS will extract raw NWP data in Grib format ayenerate the required parameters to the
swath. There is, however, a minimum requirementHercontent of the NWP Grib file in order for
PPS to generate the parameters mentioned abovgRSegfor these minimum requirements.

4.2.2.7 Parameter files and algorithm configuration files

The CMa only has a few configuration parametersteel to how much is wanted in the final output.
These can be found in the figps_config_common.cfg and are listed here:

» GENERATE_CLOUDMASK (default yes): Whether the cloud mask main outputanted.

* GENERATE_PROCESSING_FLAG (default yes): Whether the processing flags are
wanted.

» GENERATE_TEST_FLAG (default yes): Whether the threshold test flagsiaanted.
* GENERATE_AEROSOL_FLAG (default no): Whether the aerosol flags are wanted.
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» DO_POSTPROCESSING (default no): Whether the post processing to filigwlated
pixels classified using AVHRR channel 3b shall peleed.

The CMa uses a number of static thresholds andshhte offsets, defined in the file
threshold_offsets.cfg, with threshold_offsets _gaca&s an alternative. Altering these parameters
which have been determined during algorithm turand validation, will strongly affect the quality
of the CMa output. It isiot recommended to modify these values. The file stot&l_offsets.cfg
should be used for running not-GAC data, and tieetfireshold_offsets_gac.cfg should be used for
running GAC data.

4.2.3 Description of output

The content of the CMa consist of nine datasetslessribed below. The aerosol flag is not fully
developed yet.

Main Output

Table 21: Cloud Mask

Number Description/ Comments

of the

Class

0 Cloud-Free
1 Cloudy

Fill Value | No data/Undefined (separability problem)

Table 22: Cloud Mask extended

Number Description/ Comments

of the

Class

0 Cloud-Free

1 Cloudy

2 Cloud contaminated

3 Snow/Ice

Fill Value | No data/Undefined (separability problem)
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NWC/CDOP2/PPS/SMHI/SCI/ATBD/]

Threshold test flags

Two 16 bit-lists to describe which test was sucitgsH a test is successful (cloudy) the test fag
identifying the actual tests are set (the corredpanbit is activated). Thus all cloudy pixels will
contain information on which tests were succes$fath the decisive ones and any possible earlier
tests where one or more of the features tested wlese to its corresponding thresholds. Also the
cloudfree pixels where one or more tests gave ddaawere close (within safety margins) to cloudy
threshold will have those testflags set (see detson of the test sequence in section 4.1.2.10)y On

the cloudfree pixels where no tests were successfalose to succsessful, will have no test flsgfs

at all.
Table 23: Threshold test bits, part one
Bit number Threshold test
0 T11Tsur
1 T11T3.7
2 T3.7T12
3 T11T12
4 QR3.7R0.6
5 R3.7
6 RO0.6 (or RO.9 if implemented)
7 T11 text
8 T3.7T12_text
9 RO.6_text
10 T11
11 Tsur
12 Tsur-T950
13 Probability for sunglint
14 PseudoRO0.6
15 QR1.6R0.6

Table 24: Threshold test bits, part two

Bit number

Threshold test
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Bit number Threshold test
0 T85T11i
1 T85T11
2 QRO0.9R0.6
3 Spatial homogeneity land
4 Spatial homogeneity sea

Status flags

Table 25: Status flag

Bit Description/Comment

number

0 Low level thermal inversion in NWP field
1 NWP data suspected low quality

2 Sea ice map is available

3 Sea ice, according to external map

4 No method for aerosol

5 Suspected heavy aerosol

Condition flags

Table 26 Conditions flag

Bit Description
Number
0 Pixel is out of swath or points to space
1and?2 Defines the illumination condition:
0: N/A
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Bit Description
Number
1: Night
2: Day
3: Twilight
3 Sunglint
4 and 5 Defines whether it is land or sea:
0: N/A
1: Land
2: Sea
3: Coast

This division in land/sea/coast is defined by the
environmental variables SM_COASTALZONE_LIMIT (0 on
default) and SM_LANDSEA_FRACTION_MAX (255 on
default). Se¢rD.2.] for details.

6 High terrain

7 Rough terrain

8 and 9 Satellite input data status:
0: N/A

1: All satellite data are available
2: At least one useful channel is missing

3: At least one mandatory channel is missing

10 and 11 | NWP input data status:

0: N/A (not classified pixel or NWP data not used)
1: All NWP data are available

2: At least one useful NWP field is missing

3: At least one mandatory NWP field is missing

12 and 13 | Product input data status:

0: N/A (not classified pixel or input product datet
used)

1: All product input data are available




EUMETSAT Satellite Applicatio Algorithm Theoretical Basis COdeE N\(/)VC/CDOPZIPP.S/SMSHI/SCI/BATBZgIJ

Facility to NowCasting & Very | Document for the Cloud Mask of Issue: 1. Date: 15 September 2014
Short Range Forecasting the NWC/PPS File: NWC-CDOP2-PPS-SMHI-SCI-ATBD-1_v1_
Page: 57164

Bit Description
Number

2: At least one useful input product is missing

3: At least one mandatory input product is missing

14 and 15 | Auxiliary data status:
0: N/A (not classified pixel or auxiliary data noted)
1: All auxiliary data are available

2: At least one useful auxiliary field is missing

3: At least one mandatory auxiliary is missing

Quiality flags
Table 27 Quality flag
Bit Description
Number
0 Pixel is NODATA
1 This bit is not used in PPS. It is a left ovekéap the same

bit numbers as GEO.

2 This bit is not used in PPS. It is a left ovekéap the same
bit numbers as GEO.

3to5 Retrieval quality:
0: N/A (no data)
1: Good

2: Questionable
3: Bad

4: Interpolated/Reclassified

Aerosol flags

The aerosol flag information is not yet fully demeéd. It is intended to detect excessive conteints o
aerosol due to volcanic eruptions, sand stormspmke from wild fires. In addition it might flag ho
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spots from wild and industrial fires using the seves 3.7um channel. Thus it will only detect
extreme events, and not the sometimes common akibd air with excessive aerosol contents due
to industrial outlets.

For PPS v2016, the plan is to replace the aertesgl The new dataset will have fewer classes, but
with higher quality in the information.

Table 28: Aerosol bits

Bit Flag name Description/Comment

number

0 Not processed Outside satellite swath, or ovéemizodies

1 Not contaminated No detected contamination by dlesids, volcanic ash

plumes, fires (smoke from wild fires or hot spatsn
wild and industrial fires).

2 Smoke Smoke from wild fires or volcanic ash plsme

3 Dust clouds Contamination by dust cloud.

4 Fire Contamination by hot spots from wild and uslial
fires.

5 Undefined Not classified due to known separabjioblems.

4.2.4 Visualisation

It is important to note that the PPS cloud and ipition products first of all provide a digital
analysis of the cloud and precipitation field, te put to automatic mesoscale analysis or
nowcasting schemes. Images may be derived andhgespto the forecaster but the products are not
just images.

The CMa in particular is not the most obvious ckdiar image display at the forecaster's desk. The
CMa rather is a base product being input to otl#df Sroducts like the CT, which is more suitable
for image display. But if desired the CMa may bsualised, either directly using a hdfviewer and
the cloud mask palette information available inhlé file, or by using some dedicated image tool.
Or looking at the png-images created by PPS; itesonm three versions: binary cloud mask,
extended cloud mask and extended cloud mask watiglaality pixels marked.

Figure 5 show an example using the free image viéd&iew available from the National Center
for Supercomputing Applications (NCSA) in USA. Figu6 shows the same example using a PPS
products viewer developed at SMHI for algorithm eélepment purposes. The SMHI viewer allows
the synchronous display of both an instrument R@G& the cloud product. Pixel values (brightness
temperature, reflectance, product value, flag9 etay be shown under the mouse pointer.
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File Object Table Image Window Tools Help

2d b QAW KedH €@ @mm

(E1noaal7 20030401 ¥ & \mageview - flocal disk2/data/export/noaal? 20030401 0956 03992.con_llc.. & [
B PALETTE = — T10ED

@& cloudmask 1.00EL
B quality_flag 2.00EL
region 3.00E1

Bhitest_flag zzz:

£.00EL
7.00EL

i 8.00EL
3 9.00E1
1.00E2
1.10E2
1.20E2
1,302
1.40E2
1.50E2
1.50E2
1.70E2
1.30E2
1.30E2
2.00E2
2.10E2
2,202
2.30E2
2402
2.55E2

Slocal_diskz2 jdatafexponfnoaaly_20030401_ 0956 _02392 cnn_ll. cloudmask. hdf sl
Imageyiew - flocal_diskZ /data/exportfnoaaly _ 200320401 _0956_039592 cnn_ll.cloudmask. hdf - fcloudmask [ dims0x1, starnoxo, :
ountlz00x1000, stridelxl | =

Figure 5: An example of CMa image display using/tedi. A NOAA 17 scene over West Europe
April 1, 2003, 9:56 UTC (orbit 3992).
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& oy 553
hle View Overlay
AVHRR: noaal? 2003-04-01 09356 UTC § cnh_11 CLOUDMASK: noaal? 2003-0- b 3 chn_l11

Figure 6: Example of cloud mask image display usinigdicated PPS image viewer developed at
SMHI. Same scene as shown in Figure 5. To tha ldfise up RGB image using 0.6pm, 1.6pum and
11pm channels is displayed and to the right theesponding cloud mask using a land-sea mask to

distinguish between sea and land.
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ANNEX A. Summary SST algorithm descriptions and formalism

The algorithms below origins from the OSISAF teatriLannion, Pierre LeBorgne, et al., and is
collected from various OSISAF documents includihg official manual, and put together here for
all satellites and using one and the same notation:

425 Formalism:

NLC = Non-Linear Complete algorithm
NL = Non-Linear algorithm
Tcu = climatologic SST, NWP t-skin for the climate
Sy=1/cos ) -1
Daytime: NLC
SST=(@+b@ Tiu+t(ctdg+eTey) (Tuu-Ti)+f+g S

Daytime: NL
SST=aT+ (b S + cTey ) (Tll - T12) +d+ e S+ corr

Nighttime: T37_1
SST= (@a+b§Tsr+(c+d ) (Tii-Tip) +e+fJ+corr

The daytime NLC algorithm is slightly more accuratempared to the NL (personal communication
Pierre LeBorgne, October 2013).

NB! All temperatures expressed in Celcius

4.2.6 Coefficients:

4.2.6.1 Metop-B

Table 29 Metop-B SST algorithm coefficients

a b C d e f g corr
NLC 1.00400 |0.00495 |0.37766 |0.59561 |0.05609 |0.61760 0.96388 |-
NL 1.00244 |0.68606 |0.06692  |0.85319 |0.89201 |- - 0.0
T37_1 1.01432 |0.02511 |0.698846 |0.35973 |1.05387 |0.99483 |- 0.0
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4.2.6.2 S-NPP

In Table 30is described the coefficients of the non lineaitspindow (NLC) and triple window
(T37_1) algorithms for NPP/VIIRS, with all temparegs expressed in Celsius.

Table 30 S-NPP SST algorithm coefficients

a b c d e f g corr
NLC 1.00055 0.00852 1.29073 0.0401 0.77930 1.05141 0.81520 -
T37_1 1.01612 0.01709 0.85154 0.36969 1.13960 0.82285 - 0.0

4.2.6.3 Metop-A
Table 31 Metop-A SST algorithm coefficients
a b o d e f corr
NL 0.99052 0.06641 1.16321 1.26512 0.16400 - 0.23
T37_1 | 1.01867 0.02109 0.68858 0.33056 1.02351 1.27303 0.13
4.2.6.4 NOAA-18
Table 32 NOAA-18 SST algorithm coefficients
a b c d e f corr
NL 0.97588 0.05905 0.95641 1.49882 0.28288 - 0.0
T37_1 | 1.01477 0.01467 0.59010 0.30312 1.24160 1.2451 0 0.0

4.2.6.5 NOAA-19
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Table 33 NOAA-19 SST algorithm coefficients

a b C d e f corr
NL 0.96832 0.05513 0.81105 1.5673 0.302 - 0.0
T37_1 1.01665 0.00851 0.54315 0.32588 1.01787 1.42468 0.0

4.2.6.6 NOAA-17 and older NOAA satellites

For NOAA-17 and older NOAA satellite we have no ©AF algorithm coefficients. Therefore we

use the coefficients for NOAA-18 and apply the S&ked tests with larger and more cautious
threshold offsets.
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ANNEX B. List of TBC, TBD, Open Points and Comments

TBD/TBC Section Resp. Comment




