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1 INTRODUCTION

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

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

1.1 SCOPE OF THE DOCUMENT

This document is the Product User Manual for theu@lProducts components PGEO1 (GEO-CMA,
Cloud Mask), PGEO2 (GEO-CT, Cloud Type), PGEO3 (8EDOH, Cloud Top Temperature and
Height) and PGE15 (GEO-CMIC, Cloud Microphysics}tod NWC/GEO software package.

This document contains practical information of #fve mentioned products, on their applicability

and limitations.

1.2 SCOPE OF OTHER DOCUMENTS

The algorithms used to extract the GEO Cloud Prizdace detailed in the algorithm theoretical
basis document for cloud producis(11.]).

The validation of the algorithms used to extraet @EO Cloud Products is reported in the validation
report for cloud productsrp.1.]).

Instructions to install, configure and execute 8&FNWC/GEO software in order to extract the
GEO Cloud Products are detailed in the software mssual [RD.2.]).

The interface control documentgaf.6]) (for the External and Internal Interfaces of the
SAFNWC/GEOQO) and[fp.8.]) (GEO Output Product Format Definition) detail tin@put and output
data format for the SAFNWC/GEO software.

1.3 SOFTWARE VERSION IDENTIFICATION

This document describes the products obtained fftenGEO-CMA-v4.0 (Product Id NWC-002),
GEO-CT-v3.0 (Product Id NWC-006), GEO-CTTH-v3.0 ¢fuct Id NWC-010) and GEO-CMIC-
v1.0 (Product Id NWC-013) implemented in the reée2816 of the NWC/GEO software package.

1.4 IMPROVEMENT FROM PREVIOUS VERSION
Since 2013 release, the following improvements hmeen implemented:

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

» Scientific improvements:
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GEO-CMA: use of RTTOV on line to improve some tlasls, reduction of
fire/cloud confusion

GEO-CT: none

GEO-CTTH: none

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

1.5 DEFINITIONS, ACRONYMS AND ABBREVIATIONS

6S
BRDF
CMA
CMIC
CMS

CTTH

CT
DISORT
ECMWF
EUMETSAT
FOV

GEO

HDF
HRIT

IR

K

LUT
MODIS
MSG

NIR
NOAA
NWC SAF
NWCLIB
NWP

OSI SAF

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

Cloud Mask

Cloud Microphysics

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

Cloud Top Temperature and Height

Cloud Type

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

Field Of View

Meteorological Geostationary Satellite

Hierarchical data Format

High Rate Information Transmission

Infrared

Kelvin

Look-Up Table

Moderate-Resolution Imaging Spectroradiometer
Meteosat Second Generation

Near Infra-Red

National Oceanic and Atmospheric Administration
SAF to support NoWCasting and VSRF

NWC/GEO common library

Numerical Weather Prediction

Ocean and Sea Ice SAF
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OSTIA Operational Sea Surface Temperature and Sea Idgsisa
PGE Product Generation Element
RO.6um 0.6 visible reflectance
RTMOM Radiative Transfer based on Matrix Operator Method
RTTOV Rapid Transmissions for TOVs
SAF Satellite Application Facility
SEVIRI Spinning Enhanced Visible & Infrared Imager
SST Sea Surface Temperature
SUM Software User Manual
SW Software
T11lym 11 micrometer infrared brightness temperature
TIGR Tovs Initial Guess Retrieval
TOA Top Of Atmosphere
VIS Visible

1.6 REFERENCES

1.6.1 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 the NWC Sakpdeskweb: http://www.nwcsaf.org
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Ref Title Code Vers Date
[AD.1.] Proposal for the Second Continuou§iWC/CDOP2/MGT/AEMET/PRO 1.0 15/03/2011
Development and operation Phase (CDOP) march
2012 — February 2017
[AD.2.] NWCSAF Project Plan NWC/CDOP2/SAF/AEMET/MGT/PP 1.9 15/10/2016
[AD.3.] Configuration Management Plan for theéN\WC/CDOP2/SAF/AEMET/MGT/CMP 1.4 15/10/2016
NWCSAF
[AD.4.] NWCSAF Product Requirement Document NWC/CDOP2/SAF/AEMET/MGT/PRD 1.9 15/08/2016
[AD.5.] System and Components  RequiremenfAF/NWC/CDOP2/AEMET/SW/SCRD 1.2 15/10/2016
Document for the NWC/GEO
[AD.6.] Interface Control Document for Internal apdNWC/CDOP2/GEO/AEMET/SW/ICD/1 1.1 15/10/2016
External Interfaces of the NWC/GEO
[AD.7.] Interface Control Document for the NWCLIB ¢fNWC/CDOP2/GEO/AEMET/SW/ICD/2 1.1 15/10/2016
the NWC/GEO
[AD.8.] Data Output Format for the NWC/GEO NWC/CDOP2/GEO/AEMET/SW/DOF 1.1 15/10/2016
[AD.9.] Architectural Design Document for theNWC/CDOP2/GEO/AEMET/SW/ACDD | 1.1 15/10/2016
NWC/GEO
[AD.10.] | Component Design Document for the CloutiWC/CDOP2/GEO/MFL/SW/ACDD/Clo| 1.1 15/10/2016
Product Processors of the NWC/GEO ud
[AD.11.] | Algorithm Theoretical Basis Document foreth NWC/CDOP2/GEO/MFL/SCI/ATBD/Clo | 1.1 15/10/2016
Cloud Product Processors of the NWC/GEQ | ud
[AD.12.] | The Nowcasting SAF glossary NWC/CDOP2/SAF/AEMET/MGT/GLO 2.0 18/2/2014

Table 1: List of Applicable Documents

1.6.2 Reference documents

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

form [RD

X]

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

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

Ref Title Code Vers Date
[RD.1.] Scientific and Validation report for the ol | NWC/CDOP2/GEO/MFL/SCI/VR/Cloud | 1.0 15/10/2016
products processors of the NWC/GEO
[RD.2.] User Manual for the NWC/GEO applicationNWC/CDOP2/GEO/AEMET/SW/UM 1.0 15/10/2016
Software part

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

2.1 DESCRIPTION OF CLOUD MAsk (GEO-CMA) PRODUCT

2.1.1 Goal of Cloud Mask (GEO-CMA) product

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

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

2.1.2 Description of Cloud Mask (GEO-CMA) algorithm

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

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

» a first set of multispectral tests with threshotmsmputed from Look-Up Tables (LUT)
allows detecting most of the pixels containing daw snow,

» (optional step) a second limited set of multispaEctests with thresholds computed from
RTTOV applied on-line to NWP vertical profiles alle by a more accurate threshold
computation a detection of low or thin high cloutiat remained undetected when using
LUTs,

» an analysis of the temporal variation (on a shertga of time around 15 minutes) of some
spectral combination of channels allows detectagdly moving clouds,

* a specific treatment combining temporal coherenwlysis and region growing technique
allows the improvement of low clouds detectionvilight conditions,
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* (optional step) an analysis of solar channels gh hEpatial resolution (HRV for MSG)
allows detecting sub-pixel clouds inside pixel efadilt horizontal resolution,

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

Additional processes allowing the identificatidndast clouds or volcanic ash clouds, are appled t
all pixels (even already classified as cloud-freee@ntaminated by clouds). The result is stored in
separate flags (dust cloud or volcanic ash cloagksi.

Details on th tests are given in the algorithm te&oal basis document for cloud produgt®(11.]).

Daytime Twilight Nighttime
Snow detection Snow detection T10.8um -T3.8um
RO.61m RO.Gm T10.8m
T10.9um T10.8m T10.8m -T12.Qum
T10.um-T12.Qum T10.m-T12.Qum T8.7um-T10.§im
T8.7um-T10.8im T10.m-T3.8um T3.um-T10.§im
T10.84m-T3.8um T8.um-T10.8m Local Spatial Texture
T3.8um-T10.8im T3.um-T10.§im T8.7um-T3.81m
Local Spatial Texture Local Spatial Texture
T8.7um-T3.8um
Table 3: Test sequence over land
Daytime Sunglint Twilight Nighttime
Ice detection Ice detection Ice detection T10.8um-T3.8um
RO.8um (RO.6um) SST RO.8um (RO.6um) SST
SST T10.m-T12.um T10.8m-T3.81m T8.7um-T10.8§im
R1.61m T8.7um-T10.§im SST T10.im-T12.um
T10.84m-T12.Qum Local Spatial Texture R1.6um T12.um-T3.8um
T8.7um-T10.8im RO.&im (RO.Gm) T8.7um-T10.81m T3.um-T10.§im

T10.8um-T3.81m

T10.8m-T3.um

T10.8m-T12.Qum

Local Spatial Texture

T3.8um-T10.81m

Low Clouds in Sunglin

T12.Qum-T3.81m

Local Spatial Texture

T3.8um-T10.81m

Local Spatial Texture

Table 4: Test sequence over sea
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[T3.8um, T8.7um, T10.8im and T12.Am are labels that stand for brightness temperattrasound 3.8, 8.7, 10.8
and 12.0 micrometer; RQuén, R0.&m and R1.@m stand for VIS/NIR bi-directional top of atmospéeeflectances
at around 0.6, 0.8 and 1.6 micrometer normalisedsdédar illumination ; SST is the split-window (aséor SST
calculation) computed from T1Qué and T12.0m measurements. Low Clouds in Sunglint is a spenifodule for
low clouds identification in sunglint areas. It mim noted that labels (T38, T8.4um, T10.&m, T12.Qum,
R0O.6um, RO.&m and R1.6m) are generic, the exact central wavelength ottreesponding channel depending on
the satellite]

2.1.3 Description of Cloud Mask (GEO-CMA) output

The content of the GEO-CMA output (in NetCdF forjniat described in the Data Output Format
document[@aD.8.]), a summary is given below:

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

2.2 IMPLEMENTATION OF CLOUD MASK (GEO-CMA)

CMA is extracted by PGEO1 (GEO-CMA) component & MWC/GEO software package. Detailed
information on how to run this software packagavailable in the software user manyab(2.]).

When a new region is defined the user has to mnpadpare the CMA model configuration files
for this new region using a default CMA model cgnfiation file provided in the NWC/GEO
software package (see its content in section2.3.2

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

2.2.1 Manual preparation of Cloud Mask (GEO-CMA) model configuration file for
each region

When a new region is defined and added in systechran configuration files, the user must
manually prepares the GEO-CMA model configuratidesfby adapting the GEO-CMA default
model configuration file available in the SAFNWC/GEoftware package (see its content in section
2.3.2).

The following parameters are configurable in thiadkk GEO-CMA model configuration file:

» CMA_SZSEG (default value: 4): the size of the segnier CMA. [Segments are square boxes
in the satellite projection, whose size is exprésae the number of default horizontal resolutioxels
(3km at nadir for MSG) of one edge of the squarg. bdhe size of the processed regions must be a
multiple of the segment size. All the solar anctlize angles, the NWP model forecast values, the ®/
simulations, the atlas values and the thresholdk bei derived over all the processed regions at the
horizontal resolution of the segment. Note alsd tha land/sea atlas will be available at the didfault
horizontal resolution, allowing the identificatioh the surface type (land or sea) of all pixelsatelver the
segment size. The quality is not very much depetnolietihe segment size (if lower than 4). Decregs$he
segment size will increase the execution {imdote that sampling rate of NWP_PARAM and

RTS_PARAM (see 2.3.2) should be modified accordingl

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

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

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

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

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

computed on-line with RTTOV should be applieRTTOV_USE flag is checked at the execution
step. GEO-CMA applies the set of tests using tlulelshcomputed on-line with RTTOV if its value is
TRUE. This flag has been made configurable to allmers being blocked by hardware resources to still
run GEO-CMA by assigning it to FALSE in the configtion file.]

e RTTOV_USE_COMPUTED_BIAS (default value:FALSE): adl defining if biases are to

be monitored on line when RTTOV-based tests ard.yshis key should be set to TRUE in case
RTTOV_USE is set to TRUE and RTTOV bias files ao¢ available for the NWP model used by the user
(AEMET provides bias files for ECMWEF only). But tleeare some constraints to create thoses bias files

(se€[AD.11.]).]

* HRVIS_NEED (default value: TRUE): a flag indicatimdnether the hrvis analysis should be
done. HRVIS_NEED flag is checked at the execution steEOBCMA applies the hrvis analysis if its
value is TRUE. This flag has been made configurédblallow users being blocked by hardware resources
to still run GEO-CMA by assigning it to FALSE ingltonfiguration file.]

2.2.2 Cloud Mask (GEO-CMA) execution step

The GEO-CMA execution step consists in the launtithe command: GEO-CMA by the Task
manager with the required parameters: time of ségion and configuration file name.

2.3 INPUTS AND CONFIGURABLE PARAMETERS FOR CLOUD MAsk (GEO-CMA)

2.3.1 List of inputs for Cloud Mask (GEO-CMA)

The input data to the GEO-CMA algorithm are destibn this section. Mandatory inputs are
flagged, whereas the impact of missing non-mangatata on the processing are indicated.

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

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

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

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

hrvis

Optional

(hrvis is one visible channel at around6(HRV for MSG))
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The GEO-CMA software checks the availability of shals for each pixel. If non mandatory
channels are missing for one pixel, the tests usimge channels are not applied, or applied
differently (for example, snow detection uses eifR&.6um or T3.8um; visible channel test over the
ocean uses either Rud or RO.Gum) and a result is available for this pixel. Noules are provided
for pixels where at least one mandatory chann@lissing.

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

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

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

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

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

T8.7l.lm15mn Tlo.&lmlsmn TlZ.q.lm15mn CMA 15mn CT 15mn
Optional Optional Optional Optional Optional

The hrvis bi-directional reflectance of the scemalgsed around 15 minutes earlier (exact delay
depending satellite) is optionally needed to improle sub-pixel cumulus cloud detection. If not
available this improvement is not performed.

hrvisismn

Optional

(hrvis is one visible channel at around 6 (HRV for MSG))

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

e Sun and satellite angles associated to satellite aopery

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

e NWP parameters

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

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

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

o total water vapour content of the atmosphere,

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

These remapped fields are elaborated by the NWC/G&@vare package from the NWP fields
input by the user in GRIB format.
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The NWP fields are not mandatory: the CMA softwaaplaces missing NWP surface temperatures
or total water vapour content of the atmospherellgatological values extracted from ancillary
dataset, but the quality of CMA is then lower.

e RTTOV simulations:

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

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

The RTTOV simulations are not mandatory: if notikalde, the GEO-CMA software does not apply
corresponding tests, the GEO-CMA quality being trstightly lower (especially in nightime
conditions).

e OSTIA fields:

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

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

These OSTIA fields are not mandatory: if not avagathe RTTOV simulations are not used over
ocean and the CMA software does not apply corredipgrtests, the GEO-CMA quality being then
slightly lower (especially in nightime conditions).

e RTTOV bias files:

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

These files are not mandatory. If not availablee thas can be computed by GEO-CMA (the
processed region needs to contain large enougltaveaed by oceanic surfaces (gae11.]). If this
computation is not possible, the GEO-CMA does mghatest using RTTOV simulation and the
GEO-CMA quality being then slightly lower (espetyah nightime conditions).

¢ Ancillary data sets:

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

0 Land/sea atlas

Land/sea/coast atlas

Elevation atlas

Monthly SST minimum and standard deviation valuegsatology

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

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

Land cover database (BATS)

0 Monthly integrated atmospheric water vapor contéintatology

O O O O0OO0o

(@)
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0 Monthly climatology of mean air temperature at 106@&
0 Monthly thermal emissivity at IR wavelength

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

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

2.3.2 CMa Model Configuration File

The CMa model configuration file contains all theefficients and constants required for the
derivation of the GEO-CMA product. The model couofigtion file must be placed in the
$SAFNWC/config directory. The file contains thelfoling information:
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Keyword Description Type Default Value(s)

PGE_I D Identifier of the PGE Chain  ¢fE0 G

characters

SEV_BANDS SEVIRI channels to be used by CMA Chain || é,vﬁgj I\/:?SSgBI g‘lcﬁ%?i R190

characters | R134

I'NT_PRODUCT Enables/disables the generation |Ghain  off NO
intermediate products characters

CVA_SZSEG Size of CMA segments expressed |Iinteger 4
SEVIRI coordinates (same value for lines
and columns)

HRV_NEED Flag to indicate if HRVIS band is to be ugethain  of| TRUE

characters

RTTOV_USE Flag to indicate if temporal informatigiChain  of| FALSE
from previous scenes and products are tpdharacters
used

EITXg‘/—USE—OO‘/PUTED— Flag defining if biases are to be monitoréhain  of| FALSE
on line when RTTOV-based tests are usedharacters

'A%SLREADY—RECA'-' BR | Flag defining whether satellite data input|ighain  of| FALSE
the user are already recalibrated using padtaracters
launch and GSICS calibration coefficients

W—FREQJENCY—PER—D Number of NWP forecast term per ddpteger 4
input by user

NWP_PARAM Parameter :Temperature at surface level| Chain  of Z"AP—ST
sampling rate : (=segment si@a@\_SzSEG) |characters |pg m
interpolation method.

NWP_PARAM Parameter :Temperature at pressure levegl€hain  of Z"AP—T
sampling rate : (=segment si@@\_SzSEG) |characters |p
interpolation method.

NWP_PARAM Parameter :Total column water vapour |Chain  of Z’WP—TW
sampling rate : (=segment si@@\_SzSEG) |characters |pax
interpolation method.

NWP_PARAM Parameter :Altitude of the model at surfag€hain  of Z"AP—ALTM
sampling rate : (=segment sio&n_SzSEG) | characters |p
interpolation method.

NWP_PARAM Parameter : Geopotential at surface Chain  of Z’WP—SGEOD
sampling rate : (=segment si@@\_SzSEG) |characters |p
interpolation method

RTS_PARAM Parameter : Clear sky TOA radiance Chain  of Z‘TS—O-EAR
sampling rate : (=segment sio&n_SzSEG) | characters |p
interpolation method

RTS_PARAM Parameter : Transmittance from surface @bain  of ETS—TAUTOTA'-
TOA characters | g |
sampling rate : (=segment Siz&A_SZSEG)
interpolation method

RTS_PARAM Parameter Clear sky down-wellinGhain  of Z‘TS—DNO-EAR
radiance characters | g
sampling rate : (=segment Siz&A_SZSEG)
interpolation method

Table 5: CMa default Model Configuration File description

2.3.3 Configurable parameters for Cloud Mask (GEO-CMA)

The following configurable parameters are availablthe default CMA model configuration file:
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» CMA_SZSEG: the size of the segment is configurgbde its definition in section 2.2.1). Its
default value is 4. Information on how to change #izve of the segment can be found in
section 2.2.1.

« NWP_FREQUENCY_PER_DAY: the number of NWP forecasit per day is configurable
(see its definition in section 2.2.1). Its defatdtue is 4. Information on how to change this
number of NWP can be found in section 2.2.1.

* IS_ALREADY_RECALIBRATED: the flag, defining whethesatellite data input by user are
already recalibrated with post-launch calibratioefficients (solar channels) and GSICS IR
calibration coefficients, is configurable (seedédinition in section 2.2.1). Its default value is
FALSE. Information on how to change this value barfound in section 2.2.1.

» RTTOV_USE: the flag defining if RTTOV is to be used line (to allow a better detection
of low or thin clouds) is configurable (see itsidéion in section 2.2.1). Its default value is
FALSE. Information on how to change this value barfound in section 2.2.1.

« RTTOV_USE_COMPUTED_BIAS: the flag defining if biasare to be monitored on line, is
configurable (see its definition in section 2.2113.default value is FALSE. Information on
how to change this value can be found in secti@ri2.

 HRVIS_NEED: the flag indicating if hrvis data hateebe used (to allow enhanced sub-pixel
cumulus detection) is configurable (see its dabnitin section 2.2.1). Its default value is
TRUE. Information on how to change this value carfdund in section 2.2.1.

2.4 CLouD MAsk (GEO-CMA) VALIDATION

2.4.1 Summary of Cloud Mask (GEO-CMA) validation results

The following table summarises the validation reswif the current version. More details can be
obtained from the validation report for cloud prothufrD.1.]).

GEO-CMA flags Validated accuracy

GEO-CMA cloud detection

If validated over European areas using POD: 97.1%
SYNOP observations
. ) ] POD: 94.5%
If validated over full disk using SYNOP and
SHIP observations
GEO-CMA dust flag
. ) POD:
If validated over sea and Africa for solar
elevation larger than 20 degrees using 55.5% over sea
interactive targets 58.5% over land

Table 6: Summary of validation results of the current CMA version (POD stands for Probability Of
Detection)
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2.4.2 Typical known problems and recommendation for use

The following problems may be encountered:

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

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

* Snowy grounds are not detected at night-time ardetbre may confused either with low
clouds or cloud free surface. This drawback has beduced with v3.1 in release2011.

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

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

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

» the spreading of the cloud mask that should allmaetect cloud edges and mask shadows or
moist areas near cloud edges

» the use of the cloud mask quality flag not to cotemurface parameters in bad quality cloud
free areas

* the implementation of an additional filtering basew the temporal variation around the
current slot

The only aim of snow detection by CMA is to limiitet confusion with clouds. The users interested
in snow cover should rather use H-SAF daily snoedpcts and not the CMA snow category which
should be considered as an additional informatiometp the image interpretation.

2.5 EXAMPLE OF CLOUD MAsk (GEO-CMA) VISUALISATION

It is important to note that the GEO-CMA productnist just images, but numerical data. At first
hand, the CMA is rather thought to be used digitéthgether with the appended flags (quality, dust
detection, volcanic ash detection)) as input tseseale analysis models, objective Nowcasting
schemes, but also during the extraction of othefQNSWF products (CT for example).

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

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

Example of visualisation of the dust cloud andwbkanic ash cloud flags superimposed on infrared
images are given in Figure 1 and Figure 2 , usiBgIRl and MODIS imagery.



User Manual for the Cloud Product| Code: NWC/CDOP2/GEO/MFL/SCI/UM/Cloud

NWC-CDOP2-GEO-MFL-SCI-UM-Cloud_v1.0

@ Processors of the NWC/GEO: SciengelSsue: 1.0 Date: 15 October 2016
METEO File:
NWC SAF FRANCE Part :

Page:

24/56

| METEO =
| FRANCE [
~ g{, R L

dust cloud

50C

4o0C

30C

20c

1oc

oc

-10C

-20C

-30C

Figure 1. Example of SEVIRI dust cloud flag superimposed on a 10.8¢minfrared image: dust cloud
over North Africa on 14™ July 2003 at 13h00 UTC.
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Figure 2: Example of MODI Svolcanic ash cloud superimposed on a 10.8uminfrared image: Etna

eruption on 22th July 2001 at 9h55 UTC.
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3 CLOUD TYPE (GEO-CT) PRODUCT

3.1 DEScRIPTION OF CLouD TYPE (GEO-CT) PRODUCT

3.1.1 Goal of Cloud Type (GEO-CT) product

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

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

3.1.2 Outline of Cloud Type (GEO-CT) product

The algorithm has been designed to be applicabi@magers on board meteorological geostationary
satellites. The imagers may have different sehahoels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3madir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
of all IR channels and some solar channels, wiktlesen as the default horizontal resolution. Solar
channels may be available at higher horizontallstiem (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tlieultehorizontal resolution (high resolution chalsne
being averaged at this resolution). We use genrabels in this document (for example, T8,
T8.7um, T10.&m, T12.um, RO.um, RO.&m and R1.Am), the exact central wavelengths of the
corresponding channels depending on the satelibe. list of available labels depends on the
satellite; the list of mandatory channels is lisie8.3.1.

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

The set of thresholds to be applied depends mainlyhe illumination conditions, whereas the
values of the thresholds themselves may depenchernllumination, the viewing geometry, the

geographical location and NWP data describing tlaewvapour content and a coarse vertical
structure of the atmosphere.

Opaque clouds are first separated from semi-traaapand from fractional (sub-pixel) clouds using
brightness temperature differences (TL@8T12.Qum, T8.um-T10.8tm or T3.94m-T10.§1m) and
RO.Gum (at daytime). Opaque clouds are then separateérinlow, low, mid-level, high or very
high clouds using their T10.8mm brightness tempeest which are compared to NWP forecast air
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temperatures at various pressure levels. Detadsaanilable in the algorithm theoretical basis
document for cloud productgap.11.])

3.1.3 Description of Cloud Type (GEO-CT) output

The content of the CT output (in NetCdF formatjiéscribed in the Data Output Format document
(faD.8.]), @ summary is given below:

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

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

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

rnal

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

3.2 IMPLEMENTATION OF CLouD TYPE (GEO-CT)

CT is extracted by PGEO2 (GEO-CT) component of NWYC/GEO software package. Detailed
information on how to run this software packagavailable in the software user manyab(2.]).

When a new region is defined the user has to mnpiapare the CT model configuration files for
this new region using a default CT model configoratfile provided in the NWC/GEO software
package (see its content in section 3.3.2).

The CT execution step is the real-time processihghe satellite images over the region. This
process consists in the launch of the command: GE®y the Task manager.

3.2.1 Manual preparation of Cloud Type (GEO-CT) model configuration file for each
region

When a new region is defined and added in systechran configuration files, the user must
manually prepares the GEO-CT model configuratitesfby adapting the GEO-CT default model
configuration file available in the SAFNWC/GEO sudtre package (see its content in section 3.3.2).

The following parameter is configurable in the déf&EO-CT model configuration file:

» CT_SZSEG (default value: 4): the size of the sedmBEms default value may be manually
changed[Segments are square boxes in the satellite projeatinose size is expressed as the number of
default horizontal resolution pixels (3km for MS®J one edge of the square box. The size of the
processed regions must be a multiple of the segsimat All the solar and satellite angles, the Nivitlel
forecast values, the atlas values and the threshwildl be derived over all the processed regionthat
horizontal resolution of the segment. Note alsd tha land/sea atlas will be available at the ddfault
horizontal resolution, allowing the identificatioh the surface type (land or sea) of all pixelsatelver the
segment size. The quality is not very much dependierthe segment size (if lower than 4). Decreatieg
segment size will increase the execution tinéNote that sampling rate of NWP_PARAM and

RTS_PARAM (see 2.3.2) should be modified accordingl

3.2.2 The Cloud Type (GEO-CT) execution step

The GEO-CT execution step consists in the laundh@icommand: GEO-CT by the Task manager
with the required parameters: time of slot, regaod configuration file name.
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3.3 INPUT AND CONFIGURABLE PARAMETERS FOR CLOUD TYPE (GEO-CT)

3.3.1 List of inputs for Cloud Type (GEO-CT)

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

e Satellite imagery:

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

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

Mandatory Mandatory Optional Optional Mandatofy Matory

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

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

¢ CMA cloud categories

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

e Sun and satellite angles associated to satellite aopery

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

e NWP parameters

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

o surface temperatures

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

o total water vapour content of the atmosphere,

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

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

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

e Ancillary data sets:

The following ancillary data, remapped onto satelinages, are mandatory :
0 Land/sea atlas
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Elevation
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These ancillary data are available in the NWC saférpackage on a global scale; a SAFNWC tool
allows their remapping on full disk for each neuedige; they are finally extracted on the procekse

atlas

Monthly minimum SST climatology
Monthly mean 0.6m atmospheric-corrected reflectance climatologydja

Monthly integrated atmospheric water vapor contdéimatology

Monthly climatology of mean air temperature at 1908, 850hPa, 700hPa, 500hPa.

region by the CT software itself.

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

software.

3.3.2 CT Model Configuration File

The CT model configuration file contains all theefficients and constants required for the
derivation of the GEO-CT product. The model confggion file must be placed in the
$SAFNWC/config directory. The file contains thelfoling information:

Keyword Description Type Default Value(s)

PGE_I D Identifier of the PGE Chain  fFOCT

characters

SEV_BANDS SEVIRI channels to be used by CT Chain Y#%Sbl R38, W/73, 1 R87, | R108

characters |’

I'NT_PRODUCT Enables/disables the generation |Ghain  off NO
intermediate products characters

CT_SZSEG Size of CT segments expressed in SEVIRteger 4
coordinates (same value for lines and
columns)

NWP_PARAM Parameter :Temperature at surface level| Chain  of Z"AP—ST
sampling rate : (=segment size_SZSEG) characters | g m
interpolation method.

NWP_PARAM Parameter :Temperature at pressure level€hain  of Z"AP—T
sampling rate : (=segment size SZSEG) characters | g
interpolation method.

NWP_PARAM Parameter :Temperature at tropopause l¢@Hain  of Z"AP—TT
sampling rate : (=segment size_SZSEG) characters | g
interpolation method.

NWP_PARAM Parameter :Total column water vapour | Chain  of Z’WP—TW
sampling rate : (=segment size SZSEG) characters | ppax
interpolation method.

NWP_PARAM Parameter :Altitude of the model at surfag€hain  of Z"AP—ALTM
sampling rate : (=segment size_SZSEG) characters | g |
interpolation method.

NWP_PARAM Parameter : Geopotential at surface Chain  of Z’WP—SGEOD
sampling rate : (=segment size SZSEG) characters | g |
interpolation method

Table 7: CT default Model Configuration File description
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3.3.3 Configurable parameters for Cloud Type (GEO-CT)

The following configurable parameters is availabl¢he default CT model configuration file:

» CT_SZSEG: the size of the segment is configuradde (ts definition in section 3.2.1). Its
default value is 4. Information on how to change #izve of the segment can be found in
section 3.2.1).

3.4 CrLouDp TYPE (GEO-CT) VALIDATION

3.4.1 Summary of Cloud Type (GEO-CT) validation results

The following table summarises the validation resof the current version for the CT cloud type.
More details can be obtained from the validatiqroréfor cloud productggp.1.]).

GEO-CT Validated accuracy

GEO-CT cloud type
If validated over full disk User accuracy for low opaque, high opaque, semsprarent high
clouds : between 79% and 96% depending on illununat

(the user accuracy is defined as [the

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

Table 8: Summary of validation results of the current CT version

3.4.2 Typical known problems and recommendation for use

The following problems may be encountered (for waioud detection, please refer to paragraph
2.4.2).

» Very thin cirrus are often classified as fractioolluds.
* Very low clouds may be classified as medium cloandsase strong thermal inversion.

* Low clouds surmounted by thin cirrus may be clasgias medium clouds.

As already stated in 2.4.2, the users interesteshaw cover should rather use H-SAF daily snow
products and not the CT snow category which shbeldonsidered as an additional information to
help the image interpretation.

3.5 EXAMPLE OF CLouD TYPE (GEO-CT) VISUALISATION

It is important to note that the CT product is justt an image, but numerical data. At first haihe, t
CT is rather thought to be used digitally (togetieth the appended flags (quality, multilayer,
stratiform/cumuliform (not yet available))) as inpto mesoscale analysis models, objective
Nowcasting schemes, but also in the extractiontkéroNWC SAF products (CTTH or CMIC for
example).
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Colour palettes are included in CT NetCdF filesstlallowing an easy visualisation of CT cloud
type categories as illustrated on Figure 3.

The user may be interested in visualising all tvealable classes as displayed on a SEVIRI example
in Figure 3, or highlight one or a few categoriegable for the application of interest. Product’s
animation will be a help for the user to interptie¢ visualized CT, and to identify artefacts (for
example, the replacement of a snowy area by a louddbetween two successive pictures may be
due only to the transition from day to night, as smow detection is not possible at nighttime).

High semimransparvent
ahove snow/ice

High semiiransparent
ahove low or medium
High semiiransparent
thick clouds

High semiiransparent
meanly thick clands

High opague clonds

Mid-level clouds
Low clouds

Very low clonds
Seafice

Snow over land

Cloud fiee sea

Cloud fiee land

Figure 3: Example of SEVIRI CT cloud type using the colour palette included in CT NetCdF files.



User Manual for the Cloud Product] Code: NWC/CDOP2/GEO/MFL/SCI/UM/Cloud

ME(?EO Processors of the NWC/GEO: Sciend e::s_lsue: 1.0 Date: 15 October 2016

METED Part ile: NWC-CDOP2-GEO-MFL-SCI-UM-Cloud_v1.4

HMWC SAE Page: 33/56

4 CLOUD TOP TEMPERATURE AND HEIGHT (GEO-CTTH) PRODUCT

4.1 DESCRIPTION OF CLoOUD ToP TEMPERATURE AND HEIGHT (GEO-CTTH)
PRODUCT

4.1.1 Goal of Cloud Top Temperature and Height (GEO-CTTH) product

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

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

4.1.2 Outline of Cloud Top Temperature and Height (GEO-CTTH) algorithm

The algorithm has been designed to be applicabimagers on board meteorological geostationary
satellites. The imagers may have different sehahaels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3kmadir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
of all IR channels and some solar channels, wiklesen as the default horizontal resolution. Solar
channels may be available at higher horizontalloéism (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tli@ultehorizontal resolution (high resolution chalsne
being averaged at this resolution). We use geiabiels in this document (for example, Ragfr?
Rad7.3im, Radl13.4am, T10.&m, T12.um (Rad and T stand for radiance and brightness
temperatures)), the exact central wavelengths ef darresponding channels depending on the
satellite. The list of available labels dependsttum satellite; the used and mandatory channels are
listed in 4.3.1.

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

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

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

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

The following process is then applied:

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

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

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

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

For high semi-transparent clouds: The p@n8infrared brightness temperatures are
contaminated by the underlying surfaces and cabmotised as for opaque clouds. A
correction of semi-transparency is applied, whigguires the use of two infrared
channels: the 108n window channel and a sounding (@2 7.3um, 13.4m for MSG)
channel. The basis is that clouds have a stromgpadt in a window channel than in a
sounding channel. The following process is implet@én

* The HO/IRW intercept method, based on a window (ih8 and sounding
(13.4a0m, 7.3um or 6.2am for MSG) radiance bi-dimensional histogram analys
is first applied. The histograms are built in box&82*32 pixels centred on each
segment of the image (whose size is defined bytee, the default value being
4*4 pixels). It therefore allows the retrieval dbad top pressure at the segment
horizontal resolution (i.e., by default 4*4 pixeld)jhis method is successively
applied using the radiances of sounding channeBpufy, 6.24um and 13.4m for
MSG), the final retrieved cloud pressure beingriieimum cloud top pressures
obtained using single sounding channel.

* If no result can be obtained with the®IRW intercept method, the radiance
ratioing method is then applied at a pixel basisetoieve the cloud top pressure
from the radiances of two channels: a window cka(h0.§im) and a sounding
channel (for MSG, successively B, 6.24m and 13.4m).

« If the radiance ratioing technique leads to claaym temperatures warmer than the
corresponding 108n brightness temperatures, the method for thickiddois
used instead.

For fractional clouds : No technique is proposedha current version for low broken
clouds. The sounding channels are nearly unaffebtedroken low clouds and are
therefore useless; the infrared channels atpd0.8nd 12.0m are contaminated by the
surface and cannot therefore be used as for opdgueés.



User Manual for the Cloud Product| Code: NWC/CDOP2/GEO/MFL/SCI/UM/Cloud

@ Processors of the NWC/GEO: SciengelSsue: 1.0 Date: 15 October 2016

PEIRo Part File: NWC-CDOP2-GEO-MFL-SCI-UM-Cloud_v1.d
MWC SAE Page: 35/56

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

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

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

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

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

Details are available in the algorithm theoretlzasis document for cloud productan(11.])

4.1.3 Description of Cloud Top Temperature and Height (GEO-CTTH) output

The content of the CTTH output (in NetCdF format) described in the Data Output Format
document[@aD.8.]), a summary is given below:

Container Content
GEO-CTTH SAFNWC GEO CTTH Cloud Top Pressure
_PRES
GEO-CTTH_PRES(Pa) = scale_factor * Counts + addebf
where:
scale factor = 10.0
add_offset =0.0
GEO-CTTH SAFNWC GEO CTTH Cloud Top Altitude
ALTI
GEO-CTTH_ALTI(m) = scale_factor * Counts + add_seaff
where:
scale factor = 1.0
add_offset = -2000.0
GEO-CTTH SAFNWC GEO CTTH Cloud Top Temperature
_TEMPE
GEO-CTTH_TEMPE(K) = scale_factor * Counts + addsef
where:
scale factor = 0.01
add_offset = 130.0
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Container Content
GEO-CTTH SAFNWC GEO CTTH Cloud Effective Cloudiness
_EFFECTIV
GEO-CTTH_EFFECTIV = scale_factor * Counts + addseif
where:
scale factor = 0.01
add offset =00
GEO-CTTH 14 bits indicating (if set to 1)
_METHOD Bit O: Cloud-free
Bit 1: No relieable method
Bit 2: Opaque cloud, RTTOV not available
Bit 3: Opaque cloud, using RTTOV
Bit 4: Opaque cloud, using RTTOV, in case thermaeérsion
Bit 5: Intercept method 10u8n/13.4um
Bit 6: Intercept method 10u8n/6.2um
Bit 7: Intercept method 10u8n/7.0um
Bit 8: Intercept method 10u8n/7.3um
Bit 9: Radiance ratioing method 1{u@&/13.41m
Bit 10: Radiance ratioing method 1Qr&/6.2um
Bit 11: Radiance ratioing method 1Q80um
Bit 12: Radiance ratioing method 1Qr&/7.3um
Bit 13: Spatial smoothing (gap filling in semi-tsgrarent cloud field)
GEO-CTTH 6 bits indicating (if setto 1)
_status_flag Bit O: Cloud-free
Bit 1: Low level thermal inversion in NWP field
Bit 2: Opaque clouds
Bit 3: Fractional clouds : no retrieval method
Bit 4: Too thin clouds : no retrieval method
Bit 5: Multilayer suspected
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Geophysical Conditions
Field Type Description
Space Flag Set to 1 for space pixels
[llumination Parameter | Defines the illumination ddion
0: N/A (space pixel)
1. Night
2. Day
3:  Twilight
Sunglint Flag Set to 1 if Sunglint
Land_Sea Parameter 0: N/A (space pixel)
1: Land
2: Sea
3 Coast
Rough_terrain Flag Set to 1 if rough terrain
High terrain Flag Set to 1 if high terrain
Processing Conditions
Field Type Description
Satellite_input_data Paramete Describes the 8atielput data status
0: N/A (space pixel)
1: All satellite data are available
2: Atleast one useful satellite channel is migsin
3: Atleast one mandatory satellite channel isimgs
NWP_input_data Paramete Describes the NWP ingatstatus
0:  N/A (space pixel or NWP data not used)
1: Al NWP data are available
2:  Atleast one useful NWP field is missing
3: Atleast one mandatory NWP field is missing
Product_input_data Paramete Describes the Pragudt data status
0:  N/A (space pixel or Auxiliary data not used)
1. Allinput Product data are available
2:  Atleast one useful input Product is missing
3: Atleast one mandatory input Product is missing
Auxiliary_input_data Parametenn  Describes the Aawyliinput data status (includes products useq
input to PGE)
0:  N/A (space pixel or Auxiliary data not used)
1. All Auxiliary data are available
2:  Atleast one useful Auxiliary field is missing
3: Atleast one mandatory Auxiliary field is misgi
Quality
Field Type Description
Nodata Flag Set to 1 if pixel is NODATA
Internal_consistency Flag Set to 1 if an intermahgistency check has been performed. Inte|
consistency checks will be based in the comparisothe retrieved
meteorological parameter with physical limits, @tmlogical limits,
neighbouring data, NWP data, etc.
Temporal_consistency Flag Set to 1 if a temporabstency check has been performed

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

rnal

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

4.2 IMPLEMENTATION OF CLOUD ToP TEMPERATURE AND HEIGHT (GEO-CTTH)

CTTH is extracted by PGEO3 (GEO-CTTH) componenttitd NWC/GEO software package.
Detailed information on how to run this softwareckage is available in the software user manual
([RD.2.).

When a new region is defined the user has to mpnpdpare the CTTH model configuration files
for this new region using a default CTTH model égmfation file provided in the NWC/GEO
software package (see its content in section 4.3.2)

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

4.2.1 Manual preparation of Cloud Top Temperature and Height (CTTH) model
configuration file for each region

When a new region is defined and added in systechran configuration files, the user must
manually prepares the GEO-CTTH model configurafites by adapting the GEO-CTTH default
model configuration file available in the SAFNWC/QGEoftware package (see its content in section
4.3.2).

The following parameter is configurable in the déf&EO-CTTH model configuration file:

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

horizontal resolution. But it may become very ticensuming as RTTOV is launched every segrhent.
Note that sampling rate of NWP_PARAM and RTS_PARfdde 2.3.2) should be modified
accordingly.

4.2.2 The Cloud Top Temperature and Height (GEO-CTTH) execution step

The GEO-CTTH execution step consists in the lausicthe command: GEO-CTTH by the Task
manager with the required parameters: time of sdgfion and configuration file name.
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4.3 INPUTS AND CONFIGURABLE PARAMETERS FOR CLOUD ToOP TEMPERATURE
AND HEIGHT (GEO-CTTH)

4.3.1 List of inputs for Cloud Top Temperature and Height (GEO-CTTH)

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

e Satellite imagery:

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

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

At least one of these channels is mandatpryylandatory Mandatory Optional
the two others are then optional

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

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

¢ CMA and CT cloud categories

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

o Satellite angles associated to satellite imagery

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

e NWP parameters

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

o0 surface temperature

surface pressure

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

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

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

O OO0 O0Oo

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

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

¢ RTTOV simulations:

The following parameters simulated by RTTOV areduae input for 1048m and 12.Qm window
channels and all sounding channels (for MSGp#2 7.3um and 13.4um)

* Clear sky top of atmosphere radiance

* Transmittance from surface to TOA

* Clear sky downwelling radiance

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

black cloud at surface level)
* Level to space overcast radiance given black cfoudach vertical level defined by the user

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

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

e OSTIA fields:

The following parameters are used as input:
+ OSTIASST

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

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

¢ Ancillary data sets:

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

0 Land/sea atlas
o Elevation atlas

0 Monthly minimum SST climatology

0 Monthly mean 0.gm atmospheric-corrected reflectance climatologydja

0 Monthly thermal emissivity at IR wavelength

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

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

The CTTH model configuration file contains all tkeefficients and constants required for the
derivation of the GEO-CTTH product. The model cguofation file must be placed in the
$SAFNWC/config directory. The file contains thelfoling information:
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Keyword Description Type Default Value(s)

PGE_ID Identifier of the PGE Chain  ¢fEO CTTH

characters

SEV_BANDS SEVIRI channels to be used by CTTH Chain | §-4VW73' I'R108, 1 R120,

characters

I'NT_PRODUCT Enables/disables the generation |Ghain  of|NO
intermediate products characters

CTTH_SZSEG Size of CTTH segments expressed |limeger 4
SEVIRI coordinates (same value for lines
and columns)

SITZ(S)‘/-USE-COVPUTED- Flag defining if biases are to be monitor&hain  of| FALSE
on line when RTTOV-based tests are usedharacters
(not configurable in current version)

EES'-READY-RECA'-' BR | Flag defining whether satellite data input|l§hain ~ of| FALSE
the user are already recalibrated using pastaracters
launch and GSICS calibration coefficients
(not configurable in current version)

NWP_PARAM Parameter :Temperature at surface level| Chain  of ZN‘P-ST
sampling rate : (=segment SizeTH_SzSEG) | characters | g m
interpolation method.

NWP_PARAM Parameter :Temperature at surface level| Chain  of ZN‘P-ST
sampling rate : (=segment SigeTH_SzSEG) | characters | g
interpolation method.

NWP_PARAM Parameter :Pressure at surface level Chain  of ZN‘P-SP
sampling rate : (=segment SigeTH_SzSEG) | characters | gy
interpolation method.

NWP_PARAM Parameter :temperature at 2m Chain  of ZN‘P-ZT
sampling rate : (=segment SigeTH_SzSEG) | characters | g
interpolation method.

NWP_PARAM Parameter :relative humidity at 2m Chain  of ZN‘P-ZRH
sampling rate : (=segment SigeTH_SzSEG) | characters | gy
interpolation method.

NWP_PARAM Parameter :Temperature at pressure level€hain  of ’L;N‘P-T
sampling rate : (=segment SigeTH_SzSEG) | characters | g
interpolation method.

NWP_PARAM Parameter :relative humidity at pressp@hain  of ’L;N‘P-RH
levels characters | g
sampling rate : (=segment SiZeTH_SZSEG)
interpolation method.

NWP_PARAM Parameter :geopotential at pressure leve|<hain  of ’L;N‘P-GEOP
sampling rate : (=segment SigeTH_SzSEG) | characters | gy
interpolation method.

NWP_PARAM Parameter :Temperature at tropopause l¢@Hain  of ZN‘P-TT
sampling rate : (=segment SigeTH_SzSEG) | characters | g
interpolation method.

NWP_PARAM Parameter :Pressure at tropopause level| Chain  of ZN‘P-TP
sampling rate : (=segment sigeTH_SzSEG) | characters | gy
interpolation method.

NWP_PARAM Parameter :Height at tropopause level |Chain  of ’L;N‘P-TH
sampling rate : (=segment SigeTH_SzSEG) | characters | g
interpolation method.

NWP_PARAM Parameter :Altitude of the model at surfag€hain  of ’L;N‘P-A'-TM
sampling rate : (=segment sigeTH_SzSEG) | characters | g
interpolation method.
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Keyword Description Type Default Value(s)
NWP_PARAM Parameter : Geopotential at surface Chain  of ZN‘P-SGEOP

sampling rate : (=segment SigeTH_SzSEG) | characters | g
interpolation method

RTS_PARAM Parameter : Clear sky TOA radiance Chain  of ETS-C'-EAR
sampling rate : (=segment SigeTH_SzSEG) | characters | gy

interpolation method

RTS_PARAM Parameter : Transmittance from surface Ghain  of] ETS-TAUTOTA'-
TOA characters | g

sampling rate : (=segment SIiZeTH_SZSEG)
interpolation method

RTS_PARAM Parameter : Clear sky down-wellinGhain  of ETS-D'\U-EAR
radiance characters | g

sampling rate : (=segment SIiZETH_SZSEG)
interpolation method

RTS_PARAM Parameter : TOA radiance for given clq@hain  of ETS-TOTA'-
top pressure and fraction characters | g

sampling rate : (=segment SIZETH_SZSEG)
interpolation method

RTS_PARAM Parameter : Level to space overgadhain  of ETS-O‘/ERCAST
radiance given black cloud for each layer| characters | g |
sampling rate : (=segment SIiZETH_SZSEG)

interpolation method

Table 9: CTTH default Model Configuration File description

4.3.3 Configurable parameters for Cloud Top Temperature and Height (GEO-CTTH)

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

» CTTH_SZSEG: the size of the segment is configuré®e its definition in 4.3.1). Its default
value is 4. Information on how to change the siz¢he segment can be found in section
4.2.1.

4.4 CLouD Top TEMPERATURE AND HEIGHT (GEO-CTTH) VALIDATION

4.4.1 Summary of Cloud Top Temperature and Height (GEO-CTTH) validation results

The following table summarises the validation resof the current version for CTTH. More details
can be obtained from the validation report for di@uoducts[RD.1.]).

GEO-CTTH products Validated accuracy: bias(std)

Top height of opaque low, mid-level and high cloud
If validated over full disk using satellite baseédhr -0.49km(0.99km)

If validated over full disk using satellite basediar -0.35km(0.82km)

Top height of semi-transparent cloud :
If validated over full disk using satellite badethr -1.44km(1.97km)

If validated over full disk using satellite basedar 0.21km(1.88km)
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Table 10: Summary of validation results of the current CTTH version (std stands for standard
deviation)

4.4.2 Typical known problems and recommendation for use

The following main problems may be encountered:

» CTTH will be wrong if the cloud is wrongly classfi:

0 Underestimation of cloud top height/pressure fonisiansparent clouds classified
as low/medium

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

e No CTTH is available for clouds classified as fiacal.
* CTTH may be not computed for thin cirrus clouds.

* Retrieved low cloud top height may be overestimated

45 EXAMPLE OF CLouD ToP TEMPERATURE AND HEIGHT (CTTH)
VISUALISATION

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

Colour palettes are included in CTTH NetCdF fildmis allowing an easy visualisation of cloud top
pressure (as illustrated with the SEVIRI exampleFogure 4), height, temperature and effective
cloudiness.

The product, if used as an image on the forecastgk, may be visualized (together with CT) in an
interactive visualisation system, where individpedel values (top temperature, height and pressure,
cloudiness) may be displayed while moving the mas&z the image.
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Figure 4: Example of SEVIRI CTTH cloud top pressure
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5 CLOUD MICROPHYSICS (GEO-CMIC) PRODUCT

5.1 DESCRIPTION OF CLOUD MICcROPHYsSICS (GEO-CMIC) PrRODUCT

5.1.1 Goal of Cloud Microphysics product

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

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

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

5.1.2 Outline of Cloud Microphysics (GEO-CMIC) algorithm

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

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

The algorithm has been designed to be applicabi@magers on board meteorological geostationary
satellites. The imagers may have different sehahaels possibly at different horizontal resolusion
The lowest native resolution of the radiometer (3kmadir for MSG/SEVIRI), which is for most
imagers on board present and future meteorologeastationary satellites the horizontal resolution
of all IR channels and some solar channels, wiklesen as the default horizontal resolution. Solar
channels may be available at higher horizontalloéism (1km at nadir for HRV). In this release, the
process is applied to all useful channels at tli@utehorizontal resolution (high resolution chalsne
being averaged at this resolution). We use genebels in this document (for example, Tj@T,
T10.8um, RO.um, and R1.gm), the exact central wavelengths of the correspgngdhannels
depending on the satellite. The list of availalaleels depends on the satellite; the list of mamyato
channels is listed in 5.3.1.

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

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

e Cloud classified as semi-transparent in CT cloyzetgare supposed be constituted of ice
particles. Cloud classified as fractional may cspand to thin cirrus or sub-pixel low
clouds; their retrieved cloud phase is therefotéwsedefined”.
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» Water clouds usually have low T@mM-T10.8um and ice clouds rather high values. Simple
viewing angle-dependant thresholds subjectivelyingeff from SEVIRI observations are
applied to identify obviously water or ice clouds.

» If the cloud top phase is still not determined, tdwnparison of observed and simulated

0.6um and 1.6um reflectances for cloudy pixels mayvaltetrieving the cloud top phase
(but ambiguous situations may still exists).

Once the cloud phase has been determined, theabgépth and the particle size are obtained using

the measured and the simulatedutand 1.6m reflectances. Finally liquid and ice water path a
obtained by empirical formula.

Details are available in the algorithm theoretlzasis document for cloud productan(11.])

5.1.3 Description of Cloud Microphysics (GEO-CMIC) output

The content of the CMIC output (in NetCdF formas) described in the Data Output Format
document[@ap.8.]), a summary is given below:

Container Content
GEO-CMIC SAFNWC GEO CMIC Cloud Top Phase
_PHASE
Class Cloud Top Phase category
1 Liquid
2 Ice
3 Mixed
4 Cloud-free
5 Undefined (separability problem)
FillValue No data or corrupted data
GEO-CMIC SAFNWC GEO CMIC Cloud Drop Effective Radius
REFF
GEO-CMIC_REFF(m) = scale_factor * Counts + addseff
where:
scale factor = 10
add offset =00
GEO-CMIC SAFNWC GEO CMIC Cloud Optical Thickness
CoT
GEO-CMIC_COT = scale_factor * Counts + add_offset
where:
scale factor = 0.01
add offset =00
GEO-CMIC SAFNWC GEO CMIC Cloud Liquid Water Path
LWP
GEO-CMIC_LWP(kg.rf) = scale_factor * Counts + add_offset
where:

scale factor = 0.001
add offset =00
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Container Content
GEO-CMIC SAFNWC GEO CMIC Cloud Ice Water Path
_IwpP
GEO-CMIC_IWP(kg.rf) = scale_factor * Counts + add_offset
where:
scale factor = 0.001
add offset =00
GEO-CMIC 11 bits indicating (if set to 1)
_status_flag

Bit O:
Bit 1:
Bit 2:
Bit 3:
Bit 4:
Bit 5:
Bit 6:
Bit 7:
Bit 8:
Bit 9:
Bit 10:

Cloud-free

High resolution satellite data used

Combined use of L& & 2.2um for phase retrieval

No retrieved phase: no reliabldfi3ot retrieval

Mixed phase : no reliable Reff/Cot retrieval

Measurement incoherent with simulation: ratiable Reff/Cot retrieval
Too much overlap in simulation : no reliatiteff/Cot retrieval
1.6m used for reff/cot retrieval

2.2m used for reff/cot retrieval

3.8m used for reff/cot retrieval

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

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

rnal

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

5.2 IMPLEMENTATION OF CLOUD MICROPHYSICS (GEO-CMIC)

CMIC is extracted by PGE15 (GEO-CMIC) componenttie NWC/GEO software package.
Detailed information on how to run this softwareckage is available in the software user manual
([RD.2.).

When a new region is defined the user has to mhnpipare the CMIC model configuration files
for this new region using a default CMIC model dgufation file provided in the NWC/GEO
software package (see its content in section 5.3.2)

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

5.2.1 Manual preparation of Cloud Microphysics (GEO-CMIC) model configuration
file for each region

When a new region is defined and added in systechran configuration files, the user must
manually prepares the GEO-CMIC model configuratides by adapting the GEO-CMIC default
model configuration file available in the SAFNWC/QGEoftware package (see its content in section
5.3.2).

The following parameters are configurable in thiadk GEO-CMIC model configuration file:

» CMIC_SZSEG (default value: 4): the size of the segin This default value may be
manually changedSegments are square boxes in the satellite projgaiinose size is expressed as the
number of default horizontal resolution pixels (3ktmnadir for MSG) of one edge of the square boke
size of the processed regions must be a multipthetegment size. All the solar and satellite esghe
NWP model forecast values, the cloud simulatiohs, dtlas values will be derived over all the preeds
regions at the horizontal resolution of the segmiote also that the land/sea atlas will be avéela the
full default horizontal resolution, allowing theeidtification of the surface type (land or sea) lbtlafault
horizontal resolution pixels, whatever the segnsre. The quality is not very much dependent on the
segment size (if lower than J6)Note that sampling rate of NWP_PARAM and RTS_PAR

(see 2.3.2) should be modified accordingly.

* |IS_ALREADY_RECALIBRATED (default value: FALSE)this flag defines whether
satellite data input by the user are already rbcatied with post-launch calibration

coefficients (solar channels) and GSICS IR calibratcoefficients. for nearly all users, it
should remain set to FALSE (defaut value). If seT RUE (for example, CM-SAF may use this optiohg t
CMIC does not perform its own recalibration of sathannelk
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5.2.2 The Cloud Microphysics (GEOCMIC) execution step

The GEO-CMIC execution step consists in the lauotkthe command: GEO-CMIC by the Task
manager with the required parameters: time of ségion and configuration file name.

5.3 INPUTS AND CONFIGURATION PARAMETERS FOR CLOUD MICROPHYSICS
(GEO-CMIC)

5.3.1 List of inputs for Cloud Microphysics (GEO-CMIC)

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

¢ Satellite imagery:

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

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

Mandatory Mandatory Mandatory Mandatorny

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

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

It is essential to use well calibrated 6 and 1.6im reflectances: calibration coefficients provided
by KNMI are used by CMIC to recalibrate these cre@sialuring CMIC computation.

e CT cloud cateqories

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

e CTTH cloud cateqories

The CTTH cloud top pressure are optional. Theycamputed by the CTTH software. If they are
not available, default values are used for wat@dl®a) or ice clouds (300hPa)

e Sun and satellite angles associated to satellite apery

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

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

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

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

e Ancillary data sets:

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

0 Land/sea atlas

o Elevation atlas

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

o0 Monthly ozone content climatology

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

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

One file (netcdf format) containing offline DISORSImulations of 0.gm and 1.@im cloud radiative
properties (beam bi-directional reflection, beamedi transmission, beam diffuse transmission,
diffuse transmission, diffuse reflection flux) pemihed for a set of water and ice clouds, is avhglab
in the NWC/GEO software package, and is needetddMIC software.

5.3.2 CMIC Model Configuration File

The CMIC model configuration file contains all tloeefficients and constants required for the
derivation of the GEO-CMIC product. The model cgofiation file must be placed in the
$SAFNWC/config directory. The file contains theléoling information:
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Keyword Description Type Default Value(s)
PGE_ID Identifier of the PGE Chain  offOMC
characters
SEV_BANDS SEVIRI channels to be used by CMIC Chain | ¥fS06, N'R16, 1 R87, 1 R108
characters
I'NT_PRODUCT Enables/disables the generation |Ghain  of| NO
intermediate products characters
(not configurable in current version)
CM C_SZSEG Size of CMIC segments expressed |linteger 4

SEVIRI coordinates (same value for lines
and columns)

EES'-READY-RECA'-' BR | Flag defining whether satellite data input(l§hain  of| FALSE
the user are already recalibrated using pastaracters
launch and GSICS calibration coefficients

NWP_PARAM Parameter :Total ozone content Chain  of| \WP_TCZ
sampling rate : (=segment si@@ C_SzSEG) | characters | g
interpolation method.

NWP_PARAM Parameter :Integrated water vapour abd®bain  of ZN‘P-AVW
pressure level characters | g

sampling rate : (=segment siaa C_SZSEG)
interpolation method.

NWP_PARAM Parameter :Integrated water vapour be|l@hain  of ZN‘P-BVW
pressure level characters | g

sampling rate : (=segment siaa C_SZSEG)
interpolation method.

Table 11: CMIC default Model Configuration File description

5.3.3 Configurable parameters for Cloud Microphysics (GEO-CMIC)

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

» CMIC_SZSEG: The size of the segment is configurdbée its definition in section 5.3.1).
Its default value is 8. Information on how to charige size of the segment can be found in
section 5.2.1.

* |IS_ALREADY_RECALIBRATED: this flag, defining whethmesatellite data input by the
user are already recalibrated with post-launchbeatiion coefficients (solar channels) and
GSICS IR calibration coefficients, is configuralfkee its definition in section 5.3.1). Its
default value is FALSE. Information on how to charngis value can be found in section
5.3.1 and in the software user manyrib£.]).

5.4 CLouD MicroPHYsSICS (GEO-CMIC) VALIDATION

5.4.1 Summary of Cloud Microphysics (GEO-CMIC) validation results

The following table summarises the validation reswif the current version. More details can be
obtained from the validation report for cloud prothufrD.1.]).

GEO-CMA flags Validated accuracy

GEO-CMIC cloud phase

If validated over full disk using space barn
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lidar observation For water phase: POD: 93.78% FAR: 5.40%

For ice phase: POD: 96.59% FAR: 3.94%

GEO-CMIC cloud liquid water path
Bias: -0.96g/; rsm: 38.46g/fh

If validated over full disk over ocean usipng
AMSR micro-wave imagery

Table 12: Summary of validation results of the current CMIC cloud phase and cloud liquid water
path (POD stands for Probability Of Detection)

5.4.2 Typical known problems and recommendation for use

The following problems may be encountered:
« No CMIC is available for cloud classified as fractal

* No optical thickness, drop effective radius andiliice water path are retrieved at nightime
or twilight, or at daytime for “mixed phase” or “defined phase”

5.5 EXAMPLE OF CLOUD MICROPHYSICS (CMIC) VISUALISATION

It is important to note that the CMIC product ig pest an image, but numerical data. At first hand,
the CMIC is rather thought to be used digitallygéther with the appended flags (quality) as input t
mesoscale analysis models, objective Nowcastingrsel, but also in the extraction of other NWC
SAF products (precipitation products for example).

Colour palettes are included in CMIC NetCdF fildsys allowing an easy visualisation of CMIC
different parameters such as the cloud phase, aptidal thickness (as illustrated in Figure 5),
cloud effective radius (as illustrated in Figure@dud liquid or ice water path.
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Figure 5 Example of SEVIRI cloud phase flag illustrated with the colour palette included in the
CMIC NetCdF files.
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Figure 6 Example of SEVIRI cloud effective radius illustrated with the colour palette included in the
CMIC NetCdF files.



