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1 INTRODUCTION

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

1.1 PURPOSE

This document is a report presenting validatiorssilis of the cloud products from NWC/SAF.
The threshold, target and optimal accuracies vidilaagainst are described in the Product
Requirement Documemmp.4.].

1.2 ScoPe

This document presents the validation result of KNWgC/SAF cloud products: PGEOL version
4.0, PGEO2 version 2.0, PGEO3 version 4.0 and PGE®GSon 1.1 - all applicable to PPS version
2014.

1.3 DEFINITIONS AND ACRONYMS
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Acronym Explanation Acronym Explanation
ACPG AVHRR/AMSU Cloud Product EUMETSAT European Organisation for the
Generation software (A major Exploitation of Meteorological
part of the SAFNWC/PPS s.w., Satellites
including the PGE:s.) GEO
AEMET Agencia . ESté.‘tal de MHS Microwave Humidity Sounding
Meteorologia (Spain) Unit
AHAMAP AMSU-HIRS-AVHRR NOAA National Oceanic and
Mapping Library (A part of the Atmospheric Administration
SAFNWC/PPS s.w.) Brecinitati Cloud I
recipitatin ou also
AMSU Advance Microwave Sounding PC PGEC?4) g (
Unit
Process Generating Element
AVHRR Advanced  Very  High | CE g
Resolution Radiometer PPS Polar Platform System
CDOP Continuous Development and  SAF Satellite Application Facility
Operational Phase SAFNWC Satellite Application Facility
CDOP-2 Second Continuous for support to NoWcasting
Development and Operational gy Swedish Meteorological and
Phase Hydrological Institute
CPP CloudPhysical Products TBD To Be Defined
cT Cloud Type (also PGE02) VIIRS Visible Infrared Imaging
CTTH Cloud Top Temperature, Radiometer Suite
Height and Pressure (also
PGEO3)
EPS EUMETSAT Polar System

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

1.4 REFERENCES

1.4.1 Applicable documents

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

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

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



EUMETSAT Satellite Applicatio Scientificand Validation Report Codg: NWC/CDOPZ/PPS'/SMH|/SC|/VR/C|OUd
Facility to NowCasting & Very | for the Cloud Product Processors Isgug. 1.0 Date: 15 September 2014
Short Range Forecasting of the NWC/PPS FI|.e.NWC—CDOPZ—PPS—SMHI—SCI—VR—CIoud_vl_O
Page: 10/67
Ref Title Code Vers Date
[AD.1.] Proposal for the Second Continuous DevelopmeNWC/CDOP2/MGT/AEMET/PRO 1.0 15/03/11
and Operations Phase (CDOP) March 2012 -
February 2017
[AD.2.] NWCSAF Project Plan NWC/CDOP2/SAF/AEMET/MGT/PP 15 05/06/14
[AD.3.] Software Verification and Validation Plaworfthe | NWC/CDOP2/PPS/SMHI/MGT/SVVP 1.0 15/09/14
SAFNWC/PPS
[AD.4.] NWCSAF Product Requirements Document NWC/CDOP2/SAF/AEMET/MGT/PRD 1.5 | 05/06/14
[AD.5.] System and Components Requirements DocumeéyWwC/CDOP2/PPS/SMHI/SW/SCRD 1.0 15/09/14
for the SAFNWC/PPS

Table 1: List of Applicable Documents

1.4.2 Reference documents

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

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

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

Ref Title Code Vers Date

[RD.1] The Nowcasting SAF Glossary NWC/CDOP2/SAF/AEMET/MGT/GLO

[RD.2.] Products Validation report for the SAFNWC/PPSAF/NWC/CDOP/SMHI-PPS/SCI/VR/7 | 2.4.1 | 16/04/12
version 2012

[RD.3.] Products Validation report for the SAFNWC/PPSAF/NWC/CDOP/SMHI-PPS/SCI/VR/6 | 2.4.2 | 07/05/12
CPP version 2012

[RD.3b.] Product Validation report for the SAFNWC/PPSAF/NWC/CDOP/SMHI-PPS/SCI/VR/1 | 2.1.1 | 19/03/08
version 2008 (and 2.0)

[RD.4] NWCSAF Visiting Scientist report “Investigati 12/03/12
of PPS CTTH Using CALIPSO Validation Toolf,
Chang-Hwan Park 2012

[RD.5] Algorithm Theoretical Basis Document for théN\WC/CDOP2/PPS/SMHI/SCI/ATBD/1 1.0 15/09/14
Cloud Mask of the NWC/PPS

Table 2: List of Referenced Documents

1.5 DOCUMENT OVERVIEW

This document contains the scientific validatiorsules for NWCSAF PPS v2014After this
introduction follows section 2 which lists and dhefs the verification measures used through out the
data analysis. Section 3 describes the satellitesdts and validation datasets (also happens to be
satellite based) used and section 4 presents asuwlissi the results. Section 5 summarise and
conclude, and a few scientific references citedgaven in section 6. ANNEX A contains a list of
still open TBCs and TBDs.
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2 DEFINITION OF VERIFICATION MEASURES USED

In the following chapters we present the validatresults using standard verification measures.
Below we provide a short definition of each utitizevhere ‘validating truth’ is the result of anathe
product we are validating against. In the defim&idelow, we use cloud mask as an example, but
the verification measures are applicable to adui®PS products.

We define N as the total number of observationsgrehs A, B, C, and D are assigned numerical
values based on statistical estimates describ@dvbel

Validating truth  Validating truth

Cloudy Cloud-free
PPS Cloudy A B
PPS Cloud-free C D

Bias:

1

~ DZ(Yk —0y)
N <

Where the sum is over all k data pairs of PPS clomeer (y) and the validating truth cloud cover

(0).

Root Mean Square Deviation (RMS)

\/% ) (% —o.)

Bias corrected Root Mean Square Deviation (bc RMS)

\/Ni 0> (y, —o, - Bias)’ =VRMS’ - Bias?
k

Hit rate (HR) also sometimes denoted PC (percent o@ct):

(A+D)/N

POD-cloudy:
A/(A+C)
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FAR-cloudy:
B/(A+B)

POD-clear:
D/(B+D)

FAR-clear:
C/(C+D)

It has to be emphasized here that the set of titatiscores presented above are obviously not all
independent. For instance, in the binary case dcloask validation) the hit rate (H) and the RMS
are directly related through:

HR=1-RMS
This is because:
N*RMS’ => (y, —0,)°
=C+B k
=N-(A+D)

Even though there usually is such a tight intereation between the different statistical measures
we will be using all of them in the following to @masize different aspects of the validation results
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3 DATA USED

3.1 THE VIIRS INSTRUMENT ONBOARD SuoMI NPP AND ITS DATA

The Suomi National Polar-orbiting Partnership (SP)\Bpacecraft was launched successfully in late
October 2011. The largest of its five payloadshis Visible Infrared Imaging Radiometer Suite
(VIIRS). This visible/infrared radiometer featur® spectral bands with 0.371 km nadir resolution
for the five imager resolution bands and 0.742 ladinresolution for the Day/Night band and the
moderate resolution bands.

To account for along-track distortions, overlappipxkels are removed (so called ‘Bowtie
Removal’). Problems related to across-track digtostare avoided by pixel aggregation. The pixels
are at nadir angle rather oblong and more quadedt®wath edges. Three oblong pixels close to
nadir are aggregated into one more quadratic pidethe swath edge no pixels are aggregated, and
in between two pixels are aggregated together. Maikes the pixels more equally sized across the
swath. As a positive side effect, the aggregatieneases the signal to noise ratio.

For the processing of PPS cloud products, the AVHigRtage channels (0.6, 0.8, 1.6, 3.7, 11 and
12 microns) and the 8.5 micron channel in modaeselution are used.

3.2 NWP DATA

For the validation forecasted NWP data from ECMWAHEsed. Data for all pressure levels available
were included in the data: 91 levels up to 20130&nd 137 levels after that.

For PGEO1, PGEO2 and PGEO3 validation: Forecagtherof 9-15h were used. Forecast valid times
differed at most 1.5h from the time of the firsasdine in the swath. No sea/ice information was
included in the validation.

For PGEO5 validation: Forecast lengths of 6-9h wesexd. Forecast valid times differed at most 6h
(in most cases up to 3h), from the time of the 8csan line in the swath. Sea/ice information was
used for all the scenes, as well as NWP snow data.

For GAC data NWP analysis data from ERA-interim evesed.

3.3 THE SYNOP DATA

The PPS cloudmask has been validated against giymalp reports, using both AVHRR GAC data
and locally received AVHRR and VIIRS from the direeadout (DR) station in Norrkdping,
Sweden. The Synop data used have been acquired DD, and kindly provided by Martin
Stengel and Anke Kniffka.

For the GAC data we have used a 6x6 GAC pixel windentred over the Synop station, and for the
local full resolution data we have used 20x20 AVH&RV/IIRS M-band pixels. The time difference
between the AVHRR/VIIRS pixel and the Synop repirte is allowed to deviate by up to 30
minutes.

The geographical distribution of Satellite-Synoplazations based on the GAC dataset is shown in
Figure 1. The distribution is global but there 1s @bvious concentration of Synop matchups in
central and northern Europe, including Germany.
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Figure 1. Global map showing the location and fregoy of all AVHRR GAC and Synop co-
locations, based on the 99 GAC orbits coveringyiars 2006 to 2009.

Figure 2 shows the collocations based on the DR #fam Norrkdping covering Europe. The
density and geographical distribution is of couls¢éermined by the coverage of the DR data from
the Norrkoping station and the Synop report datlbasuired at DWD.

From the time histogram in Figure 3 we see thatetlae Synop collocations over the entire year
from October 2012 to October 2013, however, wiimall deficit of wintertime matchups and slight
bias towards springtime.
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Suomi NPP and NOAA18&19.
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Figure 3: Number of VIIRS/AVHRR-Synop collocationer time, for the dataset of locally received
Suomi NPP, NOAA18 and NOAA19 data.

Jul 2013
Sep 2013

3.4 THE CALIPSO DATABASE

Several active and passive satellite sensors y@ngfin a formation called the A-train. One satelli
flying in the A-train is the Cloud-Aerosol Lidar @rinfrared Pathfinder Satellite (CALIPSO) that
was launched in April 2006. The CALIPSO payload sists of three nadir-viewing instruments:
Cloud-Aerosol Lidar with Orthogonal PolarizationAOOP), the imaging infrared radiometer (lIR),
and the wide field camera (WFC). We have used daa the CALIOP instrument for the
AVHRR/VIIRS-CALIPSO comparison presented in thedstu

Fortunately, there is an overlap of both the VIIi&k&a record and the AVHRR data record with the
data from CALIPSO. Though their orbits differ, thebits of the three afternoon satellites Suomi
NPP and NOAA18/19 do align periodically do aligrripdically with the A-train formation. Where
the Suomi NPP orbital plane is well maintained staible over the lifetime of the satellite this &t n
the case with the NOAA satellites. However untibiard 2010 the NOAA-18 satellite orbit was
rather well aligned with CALIPSO, and NOAA-19 iglistoday well aligned with CALIPSO. See
plot of the equatorial crossing times in Figure 4.
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Figure 4: Equatorial crossing times of the NOAA avidtop spacecrafts from NOAA-7 till todays
NOAA-19 and Metop-B.

In this report we have investigated twelve monthsé 2012 to May 2013) of matching Suomi NPP
overpasses with CALIPSO observations. We haveiatdoded 59 scenes of matching NOAA18/19
and CALIPSO data. A match here is defined succe#gsfibservations at one position by both the
Suomi NPP or NOAA18/19 and A-Train satellites weerformed within a +/- 10 minute time-
window. No correction for the parallax has beeeratited, as the error introduced by ignoring the
parallax effect is assumed small over this datasetan be seen from Figure 5 the AVHRR/VIIRS
observations are if not close to nadir, then astledth rather low zenith angles, indicating that
parallax effects should be relatively small on ager See also discussion below under co-location
criteria.

The area expands to the coverage of overpassdase@ad the local X/L-band reception station at

SMHI in Norrkdping, which more or less equals thedpean and Arctic area. In total this results in

140 matching scenes for the months June 2012 to2@&a8 for Suomi NPP and 60 matching scenes
for NOAA18/19 for the months Mars 2013 to Octobei 2.
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Figure 5: Distribution in terms of satellite zenifbppr panel), sun zenith angle (middle panel) and
time difference (lower panel) of CALIPSO-VIIRS/AVHEvlocations from NOAA-18, NOAA-19 and
Suomi NPP. Observations span night and day witkakmf observations in twilight and nighttime,

and with the majority of observations having a neadir (AVHRR/VIIRS) view.

We have also matched and analyzed 99 GAC orbita\diRR18data, year 2006-2009, with
CALIPSO data.
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Figure 6: Distribution in terms of satellite zenithpper panel), sun zenith angle (middle panel) and
time difference (lower panel) of CALIPSO-AVHRR catmns from the 2006-2009 NOAA-18 GAC
data record. Observations span night and day withaémost flat distribution over night, twilight
and day, and with the majority of observations hgw near nadir AVHRR view

For the locally received data we use the CALIOPdl&vand 3 cloud layer data product from NASA
Langley produced at 1km horizontal and 30m vertieablution to quantify cloud fraction and cloud
height (and some additional information from thenSroduct for data filtering). For the GAC orbits
we use manly the 5km data, combined with inforrmatimm the 1km data. (See Karlsson et.
Johansson 2013). These data were obtained frolNAISA Langley Research Center Atmospheric
Science Data Center. More information on CALIPSOn che found at http://www-
CALIPSO.larc.nasa.govIn the following we use the term CALIPSO synonymavith the CALIOP
instrument on CALIPSO.

Technical details about the CALIOP 1km dataset:
Archive Center:
Atmospheric Science Data Center archive catfetils
Distributing Center:
* NASA Langley Research Center Atmosph&atence Data Center
* http://eosweb.larc.nasa.gov
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* Contacts

0 User Services
0 757.864.8656 (BUSINESS)
o larc@eos.nasa.gov
ShortName:
CAL_LID_L2 01kmCLay-ValStagel-V3-02
Version:
Vv3-02, V3-30
Description:
CALIPSO Lidar Level 2 1 km cloud layer data

Technical details about the CALIOP 5km dataset:
Archive Center:
Atmospheric Science Data Center archive catfetils
Distributing Center:
* NASA Langley Research Center Atmosph&atence Data Center
* http://eosweb.larc.nasa.gov
* Contacts
0 User Services
0 757.864.8656 (BUSINESS)
o larc@eos.nasa.gov
ShortName:
CAL_LID_L2_05kmCLay-Prov-V3-02
Version:
Vv3-02, V3-30
Description:
CALIPSO Lidar Level 2 5 km cloud layer data

Co-location criteria with VIIRS/AVHRR:

The CALIOP pixel is co-located with the nearestRB/AVHRR pixel. Since CALIOP is a nadir
viewing instrument with 333 m wide sampling, thelR& pixel in moderate resolution (which is
used in general) and AVHRR pixel covers an areapasable to the aggregated 1 km CALIOP
product. Remaining uncertainties are navigationewadnties, typically of less than a pixel, and
parallax effects for VIIRS/AVHRR, which are not hgicorrected for. The theoretical maximum
displacement due to a VIIRS/VIIRS pixel for a 10 kngh cloud at the outer part of the swath
(which corresponds to a scan-angle as large asd&6 be on the order of 15 km. However since
NPP/NOAAA and CALIPSO satellite ground track appnoately coincide, a more typical
displacement would be for a viewing angle of léemnt10 degrees, and thus be below 2 km. All co-
locations between VIIRS/AVHRR and CALIOP are madehiw a 20-min time window. Thus, any
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VIIRS pixels with less than +/- 10-min separatioonh CALIPSO are retained and analyzed in the
statistics below.

Adapt for geolocation inaccuracies:

In order to account for geolocation inaccuracied deviations in colocations due to time of
observation and instrument characteristics (diffefeotprint patterns) CALIPSO cloud fraction is
calculated as an average of the 1km CALIOP dataresponding to three neighbouring
VIIRS/AVHRR pixels along CALIOP track. For the rdsng CALIPSO cloud fraction values, the

following translation to clear and cloudy is us€@RLIPSO cloud_fraction < 0.34 is taken as clear.
CALIPSO cloud_fraction > 0.66 is taken as clouditisTmethod is used for comparison with high
resolution data only. For GAC the 5km CALIOP data eoinciding well with GAC resolution, and

averaging over a 15km track would rather introdadditional errors.

Co-location criteria with AVHRR GAC:

Adapt for detectability differences — Optical depthfiltering using 5km CALIPSO data:

Active (like CALIOP) and passive instruments (lIK8RS) feature different detectability of hydro-
meteors. This means that results are expectedffer diependent on which instruments data is
considered regardless of the performance of therighgn used. In short: differences between the
validation truth and the PPS results are expecteduse there is systematic difference between the
instruments.

The aim of this report is to validate the appliégbathm, not the instrument. Therefore, a filtgyin
technique using some of the ideas described inskanl and Johansson (2013), is applied to filter
CALIPSO data for the locally received data. Kartssmd Johansson, 2013, found that and optical
thickness of 0.3 can be considered the averageabpketection limit for PPS on AVHRR. In lack of
other similar studies we currently regard thishesdptical detection limit also for VIIRS data. Som
more unpublished investigations have shown thatithieé might be a bit lower and equal to 0.2. We
will use 0.2 as the detection limit for AVHRR andlR'S.

A detectable cloud height is retrieved from CALIPS@m data in the following way: The optical
thickness of a cloud layer in 5 km data is assutoegbread evenly over the 5 km spatial grid fot tha
vertical layer. The profile height correspondingatooptical thickness of 1.0 is retrieved. The aadti
thickness value of 1 corresponds to findings of ilBret al (2008), for the effective height of tygic
thick ice clouds. For the corresponding pixelsha & km CALIPSO data, the upper (undetectable)
part of the cloud is ignored. Finally the PPS claad height is compared with the corrected (i.e.
lower) cloud top height from CALIOP.

The optical thickness filtering of 1.0 is not unisal. The goal with the filtering is to allow for a
fairer comparison, because we compare the PPS bleigtt to the CALIOP cloud height it is likely
to be able to detect. However regarding clouds aitiotal optical thickness below 1.0 it is more
difficult to know what is best to do. In some ca$¥3S is not able to detect these clouds, but
sometimes they are detected. Thus we do not wislortgpletely remove these clouds, even though
PPS most likely can not “see” many of them, becabsg are optically too thin. The reference
CALIOP cloud top for these clouds is set to cloadd plus 100m. In the report both filtered and
unfiltered results are presented.

The optical thickness information is also used itodeé height data into two categories: thick top
layer and thin top layer. Thick pixels are where tibp layer has an optical thickness above detectio
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limit (0.2) and thin pixels where the top layer reas optical thickness below detection limit. This
separation is not perfect either but most of theialty very thin clouds will end up in the thin
category. And most of the thicker clouds will engin the thicker category.

The optical thickness information is also usedilterf results for cloudmask. Pixels with optical
thickness below 0.2 are for that case not consitidiieey could have been treated as clear. However
the optical thickness information is only present 5km resolution. There would be a risk that
geographically small clouds that are quite opticilick would be considered clear.

3.5 THE AMSR-E DATA SET

For this study the LWP product of the Advanced Mieave Scanning Radiometer for EOS (AMSR-
E) onboard the AQUA platform has been used to pan independent dataset to compare the CPP
LWP against. The passive microwave measuremenisdech by AMSR-E provides a somewhat
more direct means of estimating the LWP compareshat can be achieved by the VIIRS/AVHRR
based CPP products. The coarse spatial resoluficheoAMSR-E channels and other obvious
limitations mentioned later (see 4.4.2) is of ceus important limiting factor searching for a
method to validate the CPP LWP product. The AMS&aEa does not provide any ground truth.

Technical details about the AMSR-E dataset:
Archive Center:
NSIDC archive center details
Distributing Center:
* NSIDC National Snow and Ice Data Center
* http://nsidc.org
* Contacts
0 NSIDC DAAC User Services
0 +1 303-492-6199 (BUSINESS)
o nsidc@nsidc.org
ShortName:
AE_Ocean
Version:
2
Description:
The AMSR-E/Aqua Level-2B ocean product inclu@&es Surface Temperature at 56 and 38 km,
near-surface wind speed at 38 and 21 km, columagrwapor at 21 km, and columnar cloud liquid
water at 12 km, generated by the Wentz algorithimguisevel-2A TBs.

3.6 THE MODIS LWP DATA SET

In the search for means to validate the CPP LWHEym especially over land where the AMSR-E
dataset presented above is not useful, we haveegtiosnake an intercomparison of the CPP LWP
with the corresponding official product from the NC team at NASA Langley. See 4.4.2.4 for the
outcome of this study and further details on tht&a @ad method.
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Technical details about the MODIS LWP dataset:
Archive Center:

LAADS archive center details
Distributing Center:

* LAADS Level 1 and Atmosphere Archive aDdstribution System

* http://ladsweb.nascom.nasa.gov
* Contacts
0 MODAPS User Support
0 + 1-866-506-6347
0 modapsuso@sigmaspace.com
ShortName:
MYDO06_L2
Version:
Collection 6
Description:

Aqua Atmosphere Level 2 Cloud product. Standeaterpath subset.
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4 RESULTS AND DISCUSSION

In this section, the comparison results are shapasated by cloud product (cloud mask, cloud type
and cloud top temperature and height, and cloudipalyproperties).

4.1 CLouD MAsK

4.1.1 Synop validation

The results of the global validation using the arelof 99 GAC orbits are presented below in Table
3. For all sun illuminations (first row) the datareesponds to the colocations shown in Figure & Th
data are also stratified according to sun illumoratSeeRp.5] for the definition of day, night and
twilight. It is worthwhile noticing that the datags relatively small for twilight cases in partlay,
and that twilight corresponds to high latitude Av@nd Antarctic conditions. See plot in Figure 7.

Table 3 Validation scores for 99 GAC orbits agaigistbal Synop reports

Observed Accuracy

MAE Hitrate Bias Pod Far Pod Far
€) cloudy cloudy clear clear

All 2.26 149 0.901 0.41] 0.935 0.058 0.765 0.260] 20298
Day 1.96 1.31 0.933] -0.62] 0.950; 0.030, 0.845 0.238] 12861
Night 2.77 1.83 0.841 401 0908 0.123 0.667] 0.265 5966
Twilight | 2.58 1.71 0.870, -4.56| 0.896 0.055] 0.746/ 0.403 1471

Target Accuracy (globally)

MAE Hitrate Bias Pod Far Pod Far clear
(%) cloudy cloudy clear
Threshold >0.8| <0.20
Accuracy
Target >0.90 <0.15
Accuracy
Optimal >0.95 <0.10
Accuracy

The target accuracy is reached for the global GAta dalidation for all conditions. For twilight the
POD(cloudy) is just below or at the target accuré¢yrounding to two decimals it is 0.9 as
required), and for daytime the accuracy is actuaéching optimal!
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Locations of Co-located Synops

e 1 e 4-6 e =10
e 2-3 - 7-10

Figure 7: Geographical distribuition of Synop/AVHRFAC colocations in twilight conditions (sun
zenith angles between 80 and 95 degrees).)

Figure 8: A quicklook of the USGS landuse overSMHI production area ‘euronl’, which we have
used here to filter the Synop colocations accordaingeographical location.

We have reduced this global validation datasetawerc only the European area, by selecting all

collocations inside the area shown in Figure 8sHneas is one of the bigger areas used in the SMHI
operational production. It is positioned so thatontains a little more area west and north of the

receiving station in Norrkdping as much of the éaggale weather originates from west and north-
west. The collocations corresponding to that fittgris seen in Figure 9 and the results are digplay

in Table 4.
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Locations of Co-located Synops

e 1 e 4-6 e =10
e 2-3 7-10

Figure 9: All Synop/AVHRR GAC colocations withirtle area defined by ‘euronl’ (see Figure 8)
corresponding to Northern Europe and adjacent Seas.

The results show that the PPS cloud mask v2014snkettarget accuracy on average and during
day, but that it only meets the threshold accucygight and twilight. However also at night and
twilight the cloud mask is well above the targetwacy. Again, like for the global validation the
FAR is well below the target accuracy and actuallgets the requirements for optimal accuracy
except at night.

The corresponding validation using direct readcatadrom Suomi NPP and NOAA-18 and 19

against Synop reports show a similar, though dtigvorse picture. The threshold accuracy is met
in all conditions and the optimal accuracy is metirng daytime. Also according to the FAR for

cloudy the target accuracy is met in all conditiang the optimal accuracy is met in daytime.

The slightly degraded validation results using D&tadcompared to GAC data filtered over the
European area given by Figure 8 is thought at leasty to be a consequence of the higher amount
of Synop reports at high latitudes and in moreeswx environments (Greenland and Svalbard and
Siberia). See the distribution of collocations igufe 2. Also the datasets are fairly small soldiok

of statistical significance can play a role.



EUMETSAT Satellite Applicatio
Facility to NowCasting & Very
Short Range Forecasting

Scientificand Validation Report
for the Cloud Product Processor
of the NWC/PPS

12}

Page:

Code: NWC/CDOP2/PPS/SMHI/SCI/VR/Cloud
Issue: 1.0 Date: 15 September 2014
File:NwC-CDOP2-PPS-SMHI-SCI-VR-Cloud_v1_0
27167

Table 4: Validation scores for 99 GAC orbits agaiosly the Synop reports within the northern
European domain, defined by the SMHI productioraderonl”. See Figure 8 and Figure 9.

Observed Accuracy

MAE Hitrate Bias Pod Far Pod Far
€) cloudy cloudy clear clear
All 2.00 1.27/ 0.930 0.55 0.956| 0.039] 0.783 0.238 8994
Day 1.77 1.13 0.950 1.33] 0.972 0.029] 0.805 0.186] 5852
Night |2.38 152 0.889 -0.23] 0.924] 0.064] 0.751 0.286] 2167
Twilight | 2.38 1.56 0.901 -2.45 0.927] 0.047] 0.766] 0.331 975

Target Accuracy (Europe)

MAE Hitrate Bias Pod Far Pod Far cleat
(%) cloudy cloudy clear
Threshold >0.8%| <0.20
Accuracy
Target >0.95 <0.10
Accuracy
Optimal >0.98 <0.05
Accuracy
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Table 5: Validation scores for the collocationggtidbal Synop reports with the intermittent 2-year
dataset of PPS cloudmask on AVHRR and VIIRS froallyoreceived Suomi NPP, NOAA-18 and
NOAA-19 data.

Observed Accuracy

MAE Hitrate Bias Pod Far Pod Far
(%) cloudy cloudy clear clear
All 2.36 1.67, 0.904 -6.86/ 0.927] 0.051 0.821 0.241 43182
Day 2.03 146 0.939 -6.60f 0.953] 0.029] 0.877] 0.189 22898
Night |2.69 191 0.868  -6.72| 0.905 0.082] 0.763] 0.268 16309
Twilight | 2.77 199 0.850 -8.98 0.860] 0.065 0.820f 0.338 3975

Target Accuracy (Europe)

MAE Hitrate Bias Pod Far Pod Far clear
(%) cloudy cloudy clear

Threshold >0.86| < 0.20
Accuracy
Target >0.95 <0.10
Accuracy
Optimal >0.98 <0.05
Accuracy

4.1.2 Caliop validation

It must be stated that accuracy requirements dieediefor comparison against European SYNOP
stations. InTable 6 accuracy measures for the cloudmask for localbgired data as compared to
CALIOP are presented. For the FAR-cloudy targetueay is reached for all cases. The locally
received data includes Europe and Arctic pixels B@iD-cloudy is a bit below threshold accuracy;
if we consider only the pixels over Europe POD-dis just under the threshold accuracy of 85%.
POD-cloudy threshold accuracy is also reached duilmy and for the filtered case, where clouds
with optical thickness below 0.2 are not includé€ibnsidering that results for filtering with a
detection limit of optical thickness 0.2 hints tlebund 3% of the clouds are not detected because
they are too thin to be detectable by the pas$¥16 sensors AVHRR and VIIRS. These thin
clouds could have been considered clear, but arttwerg are, apart from thin clouds, also clouds
which are geographically small. Because the optiaakness is only presented in 5km resolution we
choose to not include them at all in this filtesaxénario.. For locally received data we can seke tha
we have slightly more matches for version 2012sTisidue to different handling of buggy S-NPP
granules. Sometimes the first granule receiveddadigult time information of the year 1958, and
often also such first granules have many missingsli In PPS version 2014 these problematic
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granules are not included in the products. Both R@ar and POD-cloudy are increased by about
3% in PPSv2014 compared to PPSv2012.

Table 6 Accuracy measures and verification scoresif the PPS cloud mask (version 2014) for
locally received S-NPP and NOAA-18/19 data over Eope and Arctic as compared to CALIPSO.
CALIPSO data fore the filtered case are filtered sdhat pixels with total optical thickness below
0.2 (in the 5km data set, this information is not @ailable in the 1km data set) are not considered.
Shown are the observed accuracies, total and alsovidled by illumination conditions, as well as the
required accuracies. HR denotes the hit rate and khe number of matching pixels. Green: within
target accuracy. Red: not reaching threshold accurey.

Observed Accuracy --- Locally received data overope

PPS 2012 (all)

PPS (all) unfiltered

PPS (all) only Europe

PPS (all) filtered 0.2

PPS day unfiltered

PPS night unfiltered

BIAS HR POD- FAR- POD- FAR- \
% cloudy% cloudy % clear % clear %
796488
-10.2 0.84 82.4 4.5 88.9 36.4, 775299
-7.2] 0.86 86.3 5.0 86.3 38.2] 426346
-10.2 0.84 82.4 4.5 88.9 36.4, 775299
-5.5] 0.87 88.0 5.1 85.6 30.1 296104
-12.3 0.83 79.5 4.0 91.5 36.3 336888
142307

PPS twilight unfiltered

Threshold POD cloudy

85%

Threshold FAR cloudy

20%

Requirement Accuracy (Europe)

Target POD
95%
Target FAR

10%

Optimal POD
98%
Optimal FAR

5%

Table 7 Accuracy measures and verification scoresif the PPS cloud mask (version 2014) for
AVHRR-GAC data as compared to CALIPSO. Calipso dataor the filtered case are here filtered
so that pixels with total optical thickness below @ are considered clear. As a reference the same
data set from CLARA-AL (PPS v2010) is included. Shen are the observed accuracies, total and
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also divided by illumination conditions, as well ashe required accuracies for SYNOP matches. HR
denotes the hit rate and N the number of matchingigels. Green: within target accuracy. Light
green: also within target accuracy. Red: not reackmg threshold accuracy.

Observed Accuracy --- AVHRR GAC Global data

BIAS HR POD- FAR- POD- FAR- N
% cloudy% cloudy % clear % clear %

PPS GAC (all) CLARA-A1L . 725900

PPS GAC (all) -11.5 0.77 75.0 9.9 82.3 39.7, 785043

PPS GAC (all) filtered 0.2 2.2/0.82 85.5 17.8 7.7 18.4 785043

PPS GAC day unfiltered -5.9/0.81 80.9 11.2 80.3 31.5 354418

PPS GAC night unfiltered JEMEWANUNES 71.1 9.1 83.8 44.0 362043

PPS GAC twilight unfiltered s . : . . 68582
Requirement Accuracy (global)
Threshold POD cloudy Target POD Optimal POD

85% 90% 95%

Threshold FAR cloudy Target FAR Optimal FAR

20% 15% 10%

For the GAC result¥able 7we see the same general behaviour as for locdlgived data. We see
an improvement compared to CLARA-A1 (pps 2010),c&dly regarding POD-clear which now
reach threshold accuracy for all illumination casHse improved Hitrate also show that v2014 is
better at separating cloudy from clear pixels. Tilkered cases for GAC data show decreased POD-
clear, this is because pixels with optical-thiclsbslow 0.2 are here considered clear, not excluded
Considering the results for filtering with the dgten limit of optical thickness 0.2, it shows that
around 8% of the clouds are not detected becaasesatte too thin for the instruments AVHRR and
VIIRS to see. The increased number of matchingi{pdsdue to that PPS no longer give as much
nodata values. It is worth to notice that results generally improving despite that these more
difficult areas now are included. Nodata-valuesensrost common in high terrain, in the arctic,
during winter.

At first sight the high values for FAR-clear seeatsrmingly high both for locally received data and
for the global GAC data. However this measure ry weuch dependent on the mean cloud fraction
cover (MCFC). For this validation data mCFC is 79%is means that 75% of the pixels considered
are cloudy. FAR-clear can be calculated directtyrfrPOD-clear, POD-cloudy and mCFC. Even if
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we had a POD-clear of 100% we would need a PODdgichigher than 96% to reach target
accuracy for FAR-clear because of the high mCFC.

4.2 CLouD TYPE

For a validation of the cloud type, we use thesfation provided in the CALIPSO data (at 30 m
vertical resolution). CALIPSO cloud types can bexdensed into three height classes, which are
low- (pressure > 680 hPa), medium- (pressure 440+d8a) and high-level (pressure < 440 hPa)
clouds. These levels correspond more or less (xattly because of slightly differing bins) to the
PPS cloud classes: Low level clouds, medium leleeids and high + very high level clouds.

Table 8: Relative and absolute fraction of differebhcloud-classes (distinguished here by cloud
height). Presented are results for locally receivedata over Europe and Arctic and AVHRR GAC
data. The comparisons are not straightforward, becase only PPS has the class ‘fractional clouds’.
From this class, the majority of fractional cloudsare in fact low-level fractional clouds. 'Relative’

refers to 'fraction of detected clouds’ and ‘absolte’ to ‘fraction of all pixels’.

Relative Relative Relative Relative Absol. Absol. Absol. Absol.
Fraction Fraction Fraction Fraction Fraction Fraction Fraction Fraction
Low % Medium High % Frac- Low % Medium High % Frac-

CALIOP (all) 5km

% tional % % tional %

PPS (all) GAC

CALIOP (all)

PPS (all)

CALIOP (day)

PPS (day)

CALIOP (night)

PPS (night)

CALIOP (twilight)

PPS (twilight)

Table 9: Basic accuracy descriptors for the cloudlasses: low, medium and high. The ‘bc RMS’
denotes the bias corrected RMS and HR the hit ratéGreen: within target accuracy Red: not
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reaching threshold accuracy. Presented are resulfsr locally received data over Europe and

Arctic and for AVHRR GAC data.

Observed Accuracy

Bias % bc RMS% POD % FAR % HR

GAC
All: Low

Medium

High

Local reception
All: Low

Medium

High

Day: Low

Medium

High

Night: Low

Medium

High

Twilight: Low

Medium

High

Required Accuracy

Threshold Target Optimal

In Table 8andTable 9the overall performance of the PPS algorithm irtiisg detected clouds into
classes can be seen; as well for all availablescasesorted after day/night/twilight. Considering
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fractional clouds class is missing from CALIOP, andpection of these clouds suggests they are
mainly low-level, quantitative comparisons indicateclear agreement between the two satellites.
Also for day and night cases, PPS and CALIOP h&autathe same proportion of clouds in the
different classes; only for twilight are there larglifferences.

The good agreement appears also in the case of RQOBore demanding criterion. Here, the
threshold requirements are also met for low- agtevel clouds, but the detection rate of medium-
level clouds misses threshold requirements. Fotirdayand night and twilight, the pattern is the
same as for the average — meeting threshold reqeires for low- and high-level clouds, but not for
medium-level clouds. We can also see that for sbigie clouds target accuracy POD is reached or
almost reached in all situations.

Threshold requirements for FAR are missed for nrmostlium-level clouds. One needs to bear in
mind that evaluation was originally planned againg¢ractive targets, not CALIOP data. High-
level clouds just reach threshold requirementsH&aR for all cases, and for night it even reaches
targeted accuracy. For low-level clouds in all ddods, target performance is met, in terms of FAR.
The results are somewhat worse than it was forA¥EIRR 2012 comparisongrD.2.]), but the
degree of reaching threshold and target accuraatyast the same now as it was for v2012.
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4.3 CLoOUD ToP HEIGHT

In this section, the performance of the cloud temht algorithm is investigatedable 10presents
and overview on the general quality for the heigbtermination at several vertical levels and
illumination conditions whiléTable 11andTable 13focuses on the special requirementsT &ble

12 results are presented for the retrieval rateptré of clouds detected by the PPS cloudmask that
are assigned a height andrigure 11there is visual example of the high retrieval @itpps v2014.
Figure 10 shows an illustration of CALIOP cloud height comgzh to PPS cloud height for one
swath. The difference between the filtered andutifdtered data are also visualizedFigure 10.

Table 10: A basic description for the comparison othe PPS cloud top height and that, derived by
CALIOP. Data considered is locally received data ar Europe and Arctic. Given are total results

as well as results separated in day/night/twilightln the filtered data: as cloud top of CALIOP is

used the height at 1.0 optical depth down in the alid.

bc-RMS N
(RMS)

bc-RMS

(RMS)
Medium (m) High (m)

Bias bc-RMS
(RMS)

Comparison to 1km dat Bias Bias
filtered with 5km Low Medium
CALIOP data (m) (m)

High
(m)

Low (m)

All Clouds (filtered) 1169 1332 2365 465369
(1408) (1364) (2632)

Day (filtered) 834 394 -1325 1271 1245 2212 192987
(1529) (1297) (2575)

Night (filtered) 688 270 -1126 1030 1449 2518 188606
(1258) (1444) (2752)

Twilight (filtered) 665 354 -1015 1115 1333 2150 83776
(1325) (1376) (2336)

Comparison to 1km Bias RMS RMS
CALIOP data. Medium Medium (m) High (m)
(m)

All Clouds 1155 1357 2124 473122
(1265) (1400) (3624)

Day 640 -101| -2466 1260 1253 2096/ 192909
(1414) (1258) (3237)

Night 386 -667| -3263 1004 1434 2161 197708
(1076) (1582) (3914)

Twilight 414 -365| -2769 1160 1339 1877 82505
(1083) (1388) (3345)
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For the filtered data results are quite similar dtrillumination conditions. As expected the mean
(Bias) is increased with the filtering, becausegeeerally compare with lower cloud tops. For high
clouds the filtering increases bc-RMS a little. Hoe unfiltered data there are more differences in
Bias between different illumination conditions, ghiifference can be due to that there are more
optically thin geometrically thick high- and medidevel clouds during night in this data set. Fa th
threshold, target and optimal accuracies as defméte PRD [aD.4] ), .
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Table 11: Observed and required accuracies for the cloud topeights for locally received data
over Europe and Arctic. Green: within target accureacy. Light green: also within target accuracy.
Red: not within threshold accuracy.For the semi-transparent and opaque clouds togeth¢he

bias is: -1100m, the RMS is 2535m and bc-RMS 2284mfiltered CALIOP data).

Observed Accuracy
Semi-transparent Opaque
All Low Medium High All Low Medium High

Filtered cloud top
Very thin top layer

Filtered cloud top
Thicker clouds

Unfiltered

All clouds

Unfiltered All clouds

PPS v2012

Semi-transparent Opaque

Threshold Target Optimal Threshold Target Optimal

The results inrable 11should be taken as an approximate estimate gselts so far are in the right
magnitude. As mentioned before, the restrictions wuthe sensor differences are also valid for the
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cloud height inter-comparison. However, the CALIPSfatabase comes closest to what a
trustworthy and continuous dataset should look likemore efforts to assure a fair comparison need
to be taken. The filtered data provides a morerfathod for comparison than the unfiltered data.
The limit (optical thickness 1.0) and the methochag perfect, for example the optical thickness
information is only present in the 5km data and hibwg is best used for 1km data can be
investigated further. However the filtered dataulesssupport the theory that the much larger Bias
and RMS-error for high clouds is mainly caused &yser differences.

Table 11shows cloud top height results for locally recdive/HRR/VIIRS data over Europe and
Arctic. The CTTH product, both for semi-transparant for opaque clouds, reaches the threshold
and often also the target accuracy in terms of hra$ bc-RMS for medium-level and low-level
clouds. For high-level clouds of the unfiltered aléte threshold accuracy is reached only for bc-
RMS semi-transparent; especially the Bias is famfthreshold accuracy. One reason for this is the
sensor differences discussed. In the results ®filtlered data, split in two categories, we cam @S

in Table 10 that the Bias and RMS are much closer to targetiracies. This is because in the
filtered data we compare the PPS cloud top to arfair cloud top of CALIOP. The filtered results
are much more close to threshold accuracy for bighds. For all the semi-transparent and opaque
clouds together the bias is: -119 m, and the RM30@3m and the bc-RMS is 1999m (filtered
CALIOP data). The due to compensation of systematiors of high and low clouds, the bias is
within optimal accuracy. The bc-RMS is just wittiimeshold accuracy.

Also by separately considering the cases where ttmelayer in CALIOP is too thin for
AVHRR/VIRRS to detect at all (optical thickness d&l AVHRR detection limit 0.2 see Karlsson
and Johansson 2013) we can see that the largédem® occur when we have a very thin top cloud
layer. For these cases we don’t expect CALIOP aWtHRR to be able to detect the same height.
For the data where we do expect AVHRR/VIIRS and G2 to detect the same cloud top (Thicker
clouds) and where we compare to a fair CALIOP cltapl (Filtered cloud top) all measures are
within threshold accuracy except the bias (-129#mhigh opaque clouds; the bias for high opaque
clouds is not too far from the threshold accur&ay. the filtered thicker clouds the combined b&s i
-15m (within optimal threshold, but due to compeimgperrors for high and low clouds) and bc-
RMS is equal to the RMS which is 1604m which ar¢himi threshold accuracy and near target
accuracy.

The problem with the high bias observed for opaligh-level clouds can also be because some
high-level clouds are still treated with the opaqigorithm, when they in fact exhibit a certain sem
transparency which is not corrected for, or evemse@@ssigned an “opaque” cloud type to multilevel
clouds which is not detected properly in PPS foistheases. These effects are demonstrated in a
visiting scientist reportrp.4.]. In version PPS v2014 there are some efforts nadkecrease this
problem and some opaque clouds suspected to betrsargparent are now treated with the semi-
transparent algorithm.

Compared to version 2012 we can see that the Biasproving 200m for low clouds for both
algorithms and also 200m for medium-level semigpament clouds. Other changes are small around
or below 100m. Notice that it is no the exact safag sets that are compared between the version
because a lot of the semi-transparent clouds présehe version 2014 dataset, where only getting
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no-data height in PPS version 2012. The retrieats for CTTH is increased a lot with version 2014
(seeTable 13. Remember also that PPS v2014 CMA and thereléor @TTH also have data over
Greenland during polar winter. So generally staésabout the same or slightly better at the same
time as more difficult clouds are included.

Table 12 Retrieval rate for PGEO3 for PPS version@L4 compare to version PPS v 2012 or
v2010.

Retrieval Rate

Data set PPS v2014 PPS v2010/v2012

GAC Global data

Suomi-NPP Europe and Arctic

Noaal8/19 Europe and Arctic
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Table 130bserved and required accuracies for the cloud topeights for AVHRR GAC data.
Green: within threshold accuracy. Light green: alsowithin target accuracy. Red: not within
threshold accuracy.Semi-transparent and opaque results are presentddgether. Included are
for comparison results for the same orbits from CLARA-A1 (PPS v2010).

Observed Accuracy GAC-data

Bias bc-RMS/
(RMS)

All Low Medium High All Low Medium High

GAC CLARA-A1 3963

1147 1503

Retrieval rate: 66.3% (4803 (1295) (1686) (6448)

GAC PPS v2014 -1995 739 -175] -3722 3500 1607 1703 3428

Retrieval rate: 97.7% (4028) (1769) (1712)
Required Accuracy
Semi-transparent Opaque

Threshold Target Optimal Threshold Target Optimal

2000 m 1500 m 200 m 1000 m 500 m 200 m

2000 m 1500 m ’ 500 m ‘

1500 m 500 m 2000 m

For the cloud top height for GAC we can se thatttital results are improved compared to PPS
v2010 used for CLARA-AL. The total Bias is improwsdh 300m and the total bc-RMS with 400m.
The Bias improvement is around 1km for high-ledeuds and a few hundred meters for low- and
medium level clouds. For high-level clouds bc-RMSmproved with 100m and for medium- and
low-level clouds bc-RMS is 100-200m worse. The osaf®r this is probably the increased retrieval
rate. The retrieval rate is much improved for GA&tad{Table 13. The retrieval rate is the part of
the detected clouds (pixel cloudy both accordind®RS5 and CALIOP) that have been assigned a
height. Much of these clouds are semi-transparadt the reason they now get a height is the
improvements of the semi-transparent algorithm RER2014. The reason that bc-RMS for low-
level and medium-level clouds is a bit worse thafole is probably because the opaque algorithm
performs much better than the semi-transparentittigo for lower clouds together with the fact that
a larger part of the lower clouds in the data i rsemi-transparent. The improved stats for high
clouds is also to a large part because more samsfparent clouds are now assigned heights. Notice
that the scores are in total improving although enof the “difficult” clouds are now included.
Remember that for the GAC data the PPS cloud tammpared to the middle of the CALIPSO
cloud, this is the same method used for comparisoather studies of CLARA-AL (Karlsson, K.-G.
and E. Johansson, 2013).
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Figure 10 Cloud top heights from CALIPSO (top edgef green area) and PPS on VIIRS (blue) for
one swath where PPS performed poorly for unfilteredlata (left) and better for filtered data
(right). This is due to optically thin clouds in the top layer. PPS is not capturing accurate cloud {o
height from a multiple cloud layer scene (track pagsion 500-1000). In this swath almost all the high
clouds where optically thin (<1.0), and this is whygo much of them is removed in the filtering. The
low opaque clouds are optically much thicker and th filtering does not remove much of these. The
swath is from 2012 October 4:th at around 7:AM, orlit number 4851. And the black land to the
right in the picture is Greenland.
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Figure 11 Example of CMA and CTTH of a metop granuk, 2013 16:th June, at 03:34. Notice
that most clouds in the cloudmask have heights ilhe CTTH.
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4.3.1.1 Study of surface emissivity as input

While making RTTOV simulation, so far we have usedault surface emissivity. We made a try to
instead use actual surface emissivity as input@éoRTTOV simulations. But we decided to stay the
old way, using default surface emissivity. Someiltssare presented ifable 14

Table 14:Cloud top heights for locally received data over Brope and Arctic. Comparing using
default and using actual surface emissivity as inguo RTTOV. Results are filtered.

Observed Accuracy
Semi-transparent Opaque

All Low Medium High All Low Medium High

Not using surface
IS

Using surface
IS

Semi-transparent Opaque
Threshold Target Optimal Threshold Target Optimal

1500 m 200 m 1000 m 500 m

1500 m ’ 500 m ’ 2000 m ’ 1500 m

Checking the results of the re-validated cloud hepghts, it seems that it doesn't give a consistent
picture. Both runs (with and without explicit suréaemissivity) provide statistical moments superior
to that of the other run. Additionally it is notestloy, that the use of the 'real' emissivity alss ha
consequences on the opaque cloud result. Thigtsimdg because of the newly introduced method
to do the atmospheric correction - even for opagaads - without cloudy but only with cloudfree
simulations.

It is questionable if both methods (atmosphericaxron without cloudy simulation and explicit use

of emissivity) should be used at the same timecéiooth options are configurable, a check that
those methods are not combined is suggested. Aslmeady decided to go for atmospheric

correction without cloudy simulation in v2014 (asfalilt option), we propose not to use explicit

emissivities (as default option). Except fdable 14 the validation results presented never use
explicit surface emissivity.
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4.4 CLOUD PHYSICAL PROPERTIES

4.4.1 CPP cloud phase (cph)

Cloud phase, as it is seen from a satellite, ieasure that describes whether the dominant number
of observed photons is reflected/emitted by sofiiquid water particles. The penetration deptle, th
position and size of the probed layer is dependenthe observing wavelength as well as on the
cloud composition. This implies that an earthboabderver is likely to probe different volumes, i.e.
there is no ground truth for the cloud phase.

The most reliable source for a cloud phase detetioim from the current A-Train instruments is
represented by the active laser probe CALIOP omdotiee CALIPSO platform. The decision, liquid
or ice phase, is made on basis of the depolarizatitio of the backscattered signal (see Hu et al.,
2009 for details). A known problem that reduces tumlity of the cloud phase product is the
detection of multiple scattered radiances. Anotiteblem, that of horizontally oriented ice crystals
has been taken into account by tilting the instmin{eo 3° off nadir) and enhancing the viewing
zenith angle in 2007 (Hu et al., 2009). One otheblem is that if we have a multilayer cloud the
different layers can have different cloud phases Thuld be a problem if the top layer is too tfun
AVHRR to detect. We then compare the cloud phatrilzded for PPS on one cloud layer with the
CALIPSO cloud phase of a different layer. Thisver a problem in case of no physical separation
of these layers, i.e. a water cloud with a thirditep may (for a passive instrument) still refleotit

the radiative pattern of a water cloud. We triedackle this challenge by using only pixels where
the upper three CALIOP levels give a concordanspha
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Figure 12: Geographical distribution of measurements considexk for this inter-comparison.
Valid is the nearest AVHRR pixel within 1km radius to the CALIOP pixel centre if the quality of
the CALIOP product is not flagged as poor quality ote that different products have different
quality flags. Therefore geographical distributionmay vary with cloud product).

From Figure 12 it is easily seen that the distidouis not global or even. All AVHRR data for this
validation are acquired from the EUMETSAT Advand®etransmission Service (EARS). Therefore
the covered area is restricted to the domain efctlirradout stations. However, Figure 12 shows also
that a broad variety of landscapes, surface typdscimate regions are taken into account for this
study.

The CPP Cloud Phase gives either liquid water ey wehile the CALIOP Cloud Ice/Water Phase
Discrimination uses the classése, water and oriented plates. The classes liquidl water are
considered as a match. The CPP class ice is coedidematch with the two CALIOP classes:
ice and oriented plates.

Annual variability:

The data sample for cloud phase validation encosfmas months of 2010, namely January, April,

July and October, which makes the selection a septative summary, featuring the characteristic
annual variations. This is basically the same dataas that, used for the validation of PPS varsio

2012. But for the version 2012 validation, only tilane results were used (solar zenith angle below
72°). Also, minor deviations may occur due to iny@ments in the current cloud mask algorithm.

Temporal and spatial assignment is displayed inreid 3.
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Figure 13: Distribution and location of measuremeoints for the year under investigation (2010).
Upper left January, upper right: April, lower lefuly and lower right October.

The listing in Table 15 displays seasonal changeslgorithm performance. In Table 16, the
corresponding accuracy scores are given. Notethigae is a systematic change in distributions of
liquid and solid particles (CALIOP results are amed to represent the truth). In January the
majority of pixels are assigned to ice phase clousisenes from April provide a moderate
domination of liquid particles while for the Julyng October cases liquid phase pixels are
dominating. These distribution differences do hamesffect on the calculated skill scores (POD and
FAR) for liquid and solid detection, while the Iniite (given additionally as an alternative measure

in Table 16) remains almost

unaffected by theskildigion differences.

Note also that this statistic covers day as welhight pixels while the validation of version 2012
was only possible for pixels with daylight condits

Table 15: Success matrix for individual months.

CALIOP CALIOP
liquid solid
January | CPP liquid | 782 460
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CALIOP CALIOP
liquid solid
CPP solid 366 3561
_ CPP liquid | 6263 1626
April _
CPP solid 1991 3841
CPP liquid 9521 1767
July _
CPP solid 3096 7344
CPP liquid | 3627 617
October _
CPP solid 2148 2846

Table 16: Success measures for individual montbsyversion 2014 values are for all solar zenith
angles. Numbers in brackets are from the valigdatibversion 2012, which only were during
daytime (solar zenith angle below 728).3.].

Hit rate POD FAR POD FAR

liquid liquid solid solid

January 0.84 0.68 0.37 0.89 0.09
(0.78) (0.81) (0.59) (0.77) (0.05)

April 0.74 0.76 0.21 0.70 0.34
(0.73) (0.88) (0.33) (0.56) (0.17)

July 0.78 0.75 0.16 0.81 0.30
(0.84) (0.96) (0.17) (0.63) (0.12)

October 0.70 0.63 0.15 0.82 0.43
(0.77) (0.87) (0.20) (0.55) (0.31)

All months 0.76 0.73 0.18 0.80 0.30
(0.79) (0.92) (0.23) (0.64) (0.15)

4.4.1.1 Study of cloud phase and illumination

With version 2014, a new cloud phase algorithmbyeen introduced. In contrast to its antecessor the
new scheme is able to derive a cloud-phase eveerumdht time conditions. To estimate the
influence of varying illumination, the complete ds¢t has been split into one part with daytime
condition (in analogy to version 2012 this is titithe solar zenith angle is below 72°) and another
part with low level illumination (solar zenith aeglabove 72°). This study was made with a
preliminary version of 2014, but the conclusionsigt be valid for version 2014 as well. Figure 14
shows the geographical distribution of both thesmskets.
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Figure 14: Distribution and location of measuremguints separated by illumination conditions.
Day (solar zenith angle below 72°) left and nigdalér zenith angle above 72°) to the right.

The matrix, showing the frequency of correct ancbmectly classified pixels for this part of the
study is shown irTable 17. The data sub-set with daytime illumination pr@sda domination of
liquid phase pixel, while the nighttime set shoglight overbalance of pixel with solid cloud phase.
The majority of total data was observed during iagtlight conditions.

Table 17: Success matrix for day and night.
CALIOP CALIOP
liquid solid

CPP liquid | 12653 2620
Day ]
CPP solid 4527 9808
_ CPP liquid | 7471 2659
Night _
CPP solid 3331 8601

Table 18: Success measures for day and night.

Hit POD FAR liquid POD FAR solid
rate liquid solid
Day 0.76 0.74 0.17 0.79 0.32
Night | 0.73 0.69 0.26 0.76 0.28

Comparing the required scoregable 20 with the algorithm performance for Land and seelg
(Table 18) shows that the threshold criteria for all measuséthin both sub-samples are fulfilled,
except for the night time POD liquid. Here the #ireld is missed by 0.01. For the liquid FAR the
target accuracy is reached, and POD solid almashes target accuracy.
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This result proves that the new algorithm is ablelérive the cloud phase product under night time
conditions. Generally, the performance during dagtis better (except for the solid FAR case). We
will recommend the usage of CPP-cloud phase fdighitening conditions, but make it configurable
for the user.

4.4.1.2 CPH Performance in total

Studies on sub-samples with focus on different renmvhental parameters (temporal and spatial)
showed that dependencies are not pronounced (ef@efite new application during night time).
Detected variations in the success-measures drerrdtie to differences in the distribution of solid
and liquid particles. The algorithm itself is likdb perform stable.

For the evaluation of the performance of the clqidthse algorithm, results from studies on
subsamples are of minor importance. The crucialtpsithat requirements are met by the entire data
base (se&able 20for results).

As compared to the phase algorithm in version 2@E2formance for detection of liquid phase
decreases, while detection performance for solasphncreases. This gives overall a more balanced
algorithm performance which still lies within regements. The new algorithm additionally provides
phase retrieval for night time (including twilightyhich overall meets or exceeds threshold
requirements. Retrievals are now also providedtmglint areas, which were generally excluded in
v2012.

Table 19: Success matrix for the complete data set.

CALIOP liquid |CALIOP solid

CPP liquid | 20193 4470

CPP solid | 7601 17592

Table 20: Success measures for complete dataset aatording requirements.

POD FAR liquid | POD solid | FAR solid
liquid
Achieved 0.73(0.92 | 0.18(0.23) 0.80 0.30
performance (0.64) (0.15
Threshold accuracy >0.70 <0.35 >0.60 <0.35
Target accuracy >0.80 <0.20 >0.80 <0.20
Optimal accuracy >0.90 <0.10 >0.90 <0.10
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Table 19 shows the matrix of passed and failed phase assigis for the complete validation
dataset. The majority of the sample consists afidigphase pixels. The overall performance with
achieved skill scores and defined requirements/engn Table 20(achievements from 2012 version
[RD.3.] are given in brackets). The threshold accuracynét for all scores under investigation.
Keeping in mind that the version 2014 dataset c@apreven pixel under nighttime illumination
conditions, the new algorithm can be seen as armowvement.

Global validation of CPH:

There has also been made a validation of CPP glbade, using 99 cases of GAC-data.

Distribution of valid pixels in cloud phase validation
Number of Pixels: 136476

~=180 -120 —60 0 &0 120 180

15 30 45 60 75 90 10 120 135
Frequency

Figure 15 Geographical distribution of the matctretween CALIOP pixels and GAC pixels for the
CPP cloud phase product).

Table 21: Success matrix for the GAC data set.

CALIOP liquid |CALIOP solid

CPP liquid | 41618 17143
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CPP solid

12600

45982

Table 22: Success measures for GAC dataset and aatiog requirements.

POD FAR liquid POD FAR solid
liquid solid
Achieved 0.77 0.29 0.73 0.22
performance
Threshold accuracy >0.70 <0.35 >0.60 <0.35
Target accuracy >0.80 <0.20 >0.80 <0.20
Optimal accuracy >0.90 <0.10 >0.90 <0.10

The threshold accuracy is received for all measargs
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4.4.2 CPP liquid water path (Iwp)

4.4.2.1 LWP validation within the EARS domain

Up to now, one of the most feasible methods tordetes the vertical integrated liquid water content
of the atmosphere is the observation of emissianthé microwave spectral range. Over sea we
validated the CPP liquid water path retrieval WiiSR-E estimates of LWP.

The most important advantage of microwave LWP eedis is that it is dependent on fewer
assumptions, than is possible for retrievals basedbservations in VIS and IR channels. Still, this
method is far from being perfect, i.e. Greenwal@0@ identified strong dependencies of the
AMSR-E LWP product on surface wind speed but oyegrowater it is still superior to all other

methods with comparable temporal and spatial cgeera

To keep the absorption coefficient within the vatemhge, rain contaminated pixels have to be
excluded. Unfortunately, the naturally emitted gyes very low in this wavelength band (typically
between 0.9 and 1.3 cm). This requires large aatgnmhich leads on the other hand to large FOVs
and thus a rather rough spatial resolution.

Due to complex contributions from land surfaces,R-Yésults based on microwave observations are
only applicable if the footprint is not ‘land-coménated’.

For this study the LWP product of the Advanced Mieave Scanning Radiometer for EOS (AMSR-
E) onboard the AQUA platform is used to provide teéerence data. More information on the
AMSR-E data set used can be found in section 3d5a#initp://nsidc.org/data/amsre/
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Figure 16:Spatial frequency distribution of used AMSR-E pixeMatching conditions were extended to: No
land pixels, no ice phase in footprint (according the CPP product), AMSR-E LWP between 0 and 17&3and
CPP LWP > 0 g/m2.

Just as the for cloud phase, the considered aremt&r-comparison of LWP is restricted to the
EARS domain (see Figure 16). To avoid contaminabgnrain, the validation is restricted to a
AMSR-E LWP between 0 g/m? and 170 g/m? matched R® QWP of greater than 0 g/m?, the
average of the AVHRR pixels within the AMSR-E fooiyp is compared to the AMSR-E estimate,
which has a resolution of approximately 12km?z. thtie differences are less than 5minutes. Possible
parallax effects are not taken into account and lbanup to the order of 1 AMSR-E pixel
displacement.

Annual variability:

To check seasonal stability, the LWP algorithmdgrerance is displayed separately for available
months. Figure 17 shows the spatial distributionthef 4 cases (January, April, July and October)
under investigation.
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Figure 17:Spatial distribution of observations by month. Upgeft: January, upper right: April, lower left:
July and lower right October. Note: Solar zenith gle is restricted to 72° (as in previous investigas for

version 2012).

Unfortunately, spatial and temporal pattern of ditribution frequency seem to be correlated. The
more or less compact cluster for January, April &ctober do not allow for unambiguous
attribution of possible performance variations ither spatial or temporal variations. This might be
due to the rather short observation period used.tf® study on annual variations only daytime
pixels (solar zenith angle below 72°, as it waaddad for version 2012) are used.
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Figure 18:Scattering-density plots split by month. The colauarks the density of hits in the plotted space.
Upper left: January, upper right: April, lower leftJuly and lower right October. The CPP values heaee
displayed only up to a value of 170 g/m2. An examfar the whole dataset in full range is shown in.

The January part of the scattering density platg, t# some extend even October, (upper left and
lower right of Figure 18) show a general undereation of liquid water path when it is low
(AMSR-E LWC < 50 g/m?). This is also depicted bgepative bias for October (mean difference in
Figure 19, lower right).For all months under invgstion, the slope of the scatterplot deviates from
the optimal 1:1 diagonal, with underestimation fmw values and an overestimation in the high
value range. The differences in statistics (espigdiae bias) are explained by the skewness of the
distribution, which varies from month to month awih it the balance point between lower and
higher values.

The deviation histograms show (except for Julyy@punced tail, to overestimations as well as to
underestimations. These extreme values controhtbet part of the RMS error.

July and October show a relatively low bias whichynibe because of compensating effects from
overestimated high and underestimated low LWP wlO& the other hand, only the April case from
the other tested sub-samples exceeds the threstaldacy given by the PRD.

The RMS error is for all four months under the sin@d accuracy, and for April, July and October
under the given target accuracy. The bias is forudey and April under the given threshold
accuracy, for July under the target accuracy an@tiober under the optimal accuracy.
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Figure 19:Histograms of deviation CPP — AMSR-E. In this senseean’ is equal to the error description Bias
and ‘std’ is equal to the BC RMS error. To keep fecon important features, this and the following vation
histograms show data between the 1 and 99 percewmtilly. Upper left: January, upper right: Aprildwer left:
July and lower right October.

Table 23: Achieved accuracy (values for versionZidlbrackets) and requirements for LWP

product.
RMS [g/m?] | Bias [g/m?]
Achieved accuracy,| 45.39 (47.0)| 3.35(6.3)
day
Threshold accuracy < 100. < 20.
Target accuracy < 50. <
Optimal accuracy < 20. <
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4.4.2.2 Study of performance under different illumination conditions

The version 2014 of CPP has an extended valid réorgeolar zenith angles. In previous versions,
calculations of the LWP product were possible fuaszenith angles up to 72°. Version 2014 allows
for production up to 84°. So a simple test of penfance under different illumination conditions has
been realised. This study was made with a prelingimarsion of 2014, but the conclusions should
be valid for version 2014 as well.

Restrictions: sea; CPP phase Is water; 0 <= AMSR-E lwp < 1.72+02; CPP cwp >=0 CPP cwp - AMSR-E lwp
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Figure 20: Scattering density (left column) anddggam deviations (right column) for only daytime
pixels (solar zenith angle below 72°, upper row)l amtire dataset (solar zenith angle up to 84°,
lower row). Note the different scaling for histogrsin right column.

In Figure 20 it is shown how results of the LWP quoet look like under different light conditions.
The overall pattern of distribution (left side) ksoalmost identic. However, the coil is sharper or
less (lateral) elongated if only daytime pixelstfie definition of version 2012, which is a regidn

to solar zenith angles below 72°) are taken intmawt. This is also reflected in the histogramghri
side). Here both, bias as well as standard dewatioreases remarkably, when the range of allowed
solar zenith angles is widened to 84°. In otherdspeaccuracy decreases from target to threshold
accuracy (bias and RMS error).

We think that it is at least questionable if theslan accuracy is justified by the gain in a numider
pixels (about 17000 in this case). See detailedbausnof achieved and required accuracies in Table
24. This table illustrates also that for sun zerstigles lower than 72degree, performance with
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respect to random errors is similar between vesskiil2 and 2014, while the bias is slightly lower
for the validation dataset. Scatterplots and edistributions for both versions show very similar
algorithm behaviour, not discernable by visual e&n (not shown).

For version 2014, more colocations were found Wit same validation dataset. It is worth to
pointing out that a large part of these additioddIP retrievals will stem from more challenging
environmental conditions as sunglint areas, whiehevexcluded in version 2012.

Table 24: Achieved accuracy (values for versionZidlbrackets) and requirements for LWP
product in different illumination.

RMS [g/m?] Bias [g/m?]
Achieved accuracy, day 47.58 (47.0) 3.35(6.3)
(<720
Achieved accuracy, whole 82.39 12.59
range (<84)
Threshold accuracy < 100. < 20.
Target accuracy < 50. <10.
Optimal accuracy < 20. <5.

For PPS v2014 the maximum sun zenith angle for L&tReval is configurable (maximum 8% °
Based on the results of Table 24, the recommendetdi$ 72°, to achieve the desired quality of the
product.

4.4.2.3 Global validation of LWP

In order to expand the validation to global sc8@ PPS GAC scenes from year 2006 to 2009 were
matched to AMSR-E observations. The same restnistas used in section 4.4.2.1 were applied here
with the exception that focus was put on day-likemination condition (i.e. the minimum solar
zenith angle was set to 72°) and — after a visigglaction and careful consideration — the uppat lim
of CPP LWP was set to 3000 g/m?2.

Figure 21 gives an impression of the global distitn of data. It also shows that the given linfiao
maximum LWP for the AMSR-E product turns into a gjuspatial filter since it sorts out tropical
measures with pronounced high liquid water contebtsfortunately this is the only method to
remove all rain-contaminated pixels. PPS derivadidi water paths of 170 g/m? or higher can not be
validated but compared to the MODIS product. Thidiscussed in section 4.4.2.4 below.
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Collocated PPS - AMSR-E lwp

Figure 21: Data-coverage of global GAC-AMSR matclewotal of 1108330 collocated data points
met the requirements for this study.

Deviations on pixel base are visualized in thetecaig density plot, Figure 22 (note, that bothsaxe
are logarithmic). The orientation of the data-laleviates from the 1:1 line. The CPP LWP product
overestimates high values and underestimates ltwesaThis pattern has also been observed in the
local dataset of the EARS region (cf. Figure 20).

Figure 23 shows the distribution of differencesn®ssn PPS and AMSR-E LWP product. Lower and
upper limits of the function (negative and positesed) are marked by the upper limits of both data-
sets (170 g/m? for AMSR-E and 3000 g/m? for PP$)e fiumerical values of the plotted bias and
RMS error are also given in Table 25. There itheven that the RMS error of 96.5 g/m? meets the
requested threshold accuracy of 100 g/m? while bizes, calculated with 29.5 g/m? misses the
threshold of 20 g/m2. Here it could be helpful tscdss, whether the applied limits, e.g. the
maximum LWP of 3000 g/m? or the maximum solar zZerahgle of 72° are suitable. Kato and
Marshak (2009) showed that the retrieval qualitydioud optical thickness, which is an important
product on the way to the liquid water path, depestdongly on viewing and illumination geometry.



EUMETSAT Satellite Applicatio Scientificand Validation Report Codg: NWC/CDOPZ/PPS'/SMH|/SC|/VR/C|OUd
Facility to NowCasting & Very | for the Cloud Product Processors Issue: 1.0 Date: 15 September 2014
Short Range Forecasting of the NWC/PPS File:NWC-CDOP2-PPS-SMHI-SCI-VR-Cloud_v1_0
Page: 59/67

PPS and AMSR-E Cloud Liquid Water Path

900

800

700

600

500

107 | -
4400

PPS LWP (kg/m~™2)

300

4200

4100

107 1072 10t
AMSR-E LWP (kg/m~2)

Figure 22: Scattering density diagram of AMSR-E Lpv¥&duct and CPP LWP product.

Table 25: Required and achieved accuracies foglbbal validation activities.

RMS [g/m?] | Bias [g/m?]

Achieved accuracy 96.5 29.5
Threshold <100. < 20.
accuracy

Target accuracy < 50. <10.

Optimal accuracy < 20. <5.
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Figure 23: Probability density function of differees between PPS LWP product and AMSR-E LWP
product. The vertical dotted line marks the bia®.52g/m?) while the horizontal dotted line
illustrates the RMS deviations (96.5 g/m?).

4.4.2.4 LWP comparison land/sea

None of our activities towards a reasonable valbdadf the CPP liquid water path product over land
was successful so far. Finally we came to the emnmh, that a comparison with the MODIS liquid
water path product would enable at least a cauagasssment of the performance over land.

Based on the PPS GAC scenes used for the interarsop with the AMSR-E LWP product,
MODIS-AQUA pixel were also collocated with GAC pix® allow for an inter-comparison of both
LWP products. The MODIS LWP product is, in contrastthe AMSR-E product, also valid over
land. The disadvantage is that the MODIS algorithribased on a similar retrieval techniques (even
though, the MODIS features more channels and éiffiechannel characteristic) and can not count as
an independent or, even more important, superiodyot to allow proper validation. A comparison
of the results for sea-only and land-only may pdevanyhow valuable information about systematic
differences or difficulties.
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Collocated PPS-MODIS lwp, all surface-types

Figure 24: Global distribution of PPS - MODIS magshfor the selected GAC scenes. The total
number of collocated pixel is 838851.
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Figure 25: Scattering density (left) and probalyildensity of deviations (right) for PPS — MODIS
matches. Additionally, the right image provide®infation about the bias (vertical dotted line, here
49.0 g/m?) and the RMS deviation (horizontal dolieel, here 246.2 g/m3).

The distribution of all available PPS — MODIS caldions (sea and land) is shown in Figure 24. It
is obvious that the emphasis lies on the northemigphere.

Corresponding scattering density and probabilityddferences are displayed in Figure 25. No
substantial pattern of deviation from the 1:1 ie gtattering density plot line is visible by eye.
However , the statistical values of bias (49.0 y/artdd RMS deviation (246.2 g/m?) marked in the
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probability density plot are considerably highempared to results with the AMSR-E product as a

reference.

Collocated PPS-MODIS lwp over sea

Collocated PPS-MODIS Iwp over land
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Figure 26: Global distribution of PPS — MODIS magshover sea (left) and over land (right). In
total, 735752 of the selected pixel are over seh HIB099 are over land.

To achieve better insight into the influence of theracteristic of the surface on LWP retrievdis, t
dataset was split into sea and land pixels. Fi@érgives an overview of their global distributions.
Note that the number of sea pixels (735752) isdriggan that of land pixels (103099). Scattering
density and probability density of differences sinewn in Figure 27 and Figure 28.
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Figure 27: Same as Figure 25 but only sea pixeés@nsidered. The bias here is 52.6 g/m?2 and the
RMS deviation is 242.0 g/m>.
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Figure 28: Same as Figure 25 but only for pixelsraand. Here the bias is 23.6 g/m? and the RMS
deviation is given with 273.2 g/m?.

From visual inspection, the scatterplot of the lanatl looks worse (i.e more random distributed and
less concentrated around the 1:1 line). Also thdttwof the PDF for land pixels seems to be more
distinct than that of sea pixels. The numbers €ast the RMS, compare Table 26) support this
impression. However, differences are small and evay be related to noise.

If the results over sea are considered accepttisa, just looking at the numbers, the results over
land with slightly worse RMS deviations and slightbetter biases should also considered
acceptable.

Table 26: Overview: Statistical values for theembomparison of MODIS and PPS LWP product.

RMS [g/m?] | Bias [g/m?] | N
All pixels 246.2 49.0 838851
Sea pixels 242.0 52.6 735752
Land 273.2 23.6 103099
pixels

4.5 PRECIPITATING CLOUDS

The product Precipitating Clouds has not undergomescientific changes for PPS v2014, thus there
were no need to validate it. Latest validationhaf Precipitating Clouds product is foundrb.3b.].
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5 SUMMARY AND CONCLUSIONS

In this report we validate the 2014 version of HBESAVHRR and VIIRS data. The validation is
made for the PGEs (01, 02, 03, 05-CPP phase an@P®5-LWP). For PGEO1 validation is
performed against a comprehensive dataset of giejpabdp reports (kindly provided by DWD). Two
collocation datasets have been used, one withtdieaclout S-NPP, NOAA-18 and 19 received at
SMHI, and another using a global dataset of 99 AYHRAC orbits from 2006 to 2009. For PGEs
01-03 we furthermore use a collocation dataset ¥HRR and VIIRS matched with a set of
CALIPSO lidar products: Both matchups from 17 ninsnof CALIPSO and Suomi-NPP/NOAA18-
19 data locally received at SMHI in Norrkoping aslivas the dataset of 99 AVHRR GAC orbits for
2006-2009 have been used for PGE 01-03.

For the PGEOQS5 validation we use 4 months of EARSHRRR data in 2010, and validate with
CALIPSO cloud phase and AMSR-E LWP data. Additinalve use matches of the 99 AVHRR
GAC data with AMSR-E LWP observations to validate {CPP LWP product on a global scale.
Furthermore, we try to close the gap which operestdua lack of reference LWP observations over
land with sufficient data coverage by an inter-cangon of these global GAC data with the MODIS
LWP product.

We find that quite a number of target accuracies r@ached, and that most scores are within
threshold accuracy. We also show many exampleowfthe PGEO1 and PGEO3 have improved
compared to PPS v2012/v2010.

The cloud mask is meeting the target accuracy ¢jiobader all illumination conditions according
to the Synop validaton, and over the European dortiacluding the Arctic) the target accuracy is
being met in daytime. The AVHRR GAC based dataifteréd over Europe actually show that the
cloud mask is performing according to the targetuaacy, while the more comprehensive Synop
based dataset (that also include more Arctic stali@nly meet the target accuracy in daytime,
whereas at night and twilight the threshold accupragassed with a large margin.

Using CALIPSO as the reference truth for the clowakk over Europe (Norrkdping direct reception
area) the threshold accuracy (for POD-cloudy an&ffoudy) is passed for all cases (after filtering
the CALIPSO data by optical thickness). Howevethaut any filtering for cloud optical thickness
(allowing for even the thinnest clouds detected GRLIPSO which are undetectable by
AVHRR/VIIRS) the POD-cloudy is below the threshaldcuracy in night and twilight. For the FAR-
cloudy the target accuracy is reached/passedIfoasés (both filtered and unfiltered), but the FAR
clear is high and around and even above 30%. Baihagis important to emphasize that also those
scores have been significantly improved againstipus PPS versions. Then it should be noted that
the original score requirements were defined fdida#ions against Synop reports.

For the cloud type and the separation in low, ndevel and high clouds, the low and high clouds
match either target or threshold accuracy for B@D and FAR in all cases, but the medium level
clouds does not quite meet the threshold accuracies

The CTTH product have been considerably improveer @revious versions, in particular giving
many more valid results for semi-transparent clowtigde at the same time retaining or improving
the validation scores. However, the threshold ammuis still not met for high clouds, being it
opaque or semi-transparent. One exception is tHeM score for high semi-transparent clouds,
where for the first time the threshold accuracy# passed. Otherwise both the bias and bc-RMS is
still quite far from the threshold accuracy forfigjouds.
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For low and medium level clouds in general the géa@ccuracy is reached, and even the optimal
accuracy is reached for medium level cloud assigniimethe semi-transparent retrieval.

For the CPP LWP within the EARS domain all thredschre met. The global GAC data miss the
bias but reach the RMS requirement. CPP liquid maa¢h product (LWP) is not validated over land
because microwave observations over land are sujgjecdifferent physical principle compared to
liquid water path (LWP) deductions over ocean. @Hmirces provide LWP products even over land
but they lack superior accuracy, which is needed &o proper validation or reasonable
temporal/spatial coverage for a thoroughly valiolatiHowever, a comparison of global GAC LWP
data with the MODIS LWP product shows that RMS d&eins and bias for over land and over sea
are in the same order of magnitude. Even if ther®iactual validation of the liquid water pathove
land, there is however a case study with the focuslouds in coast regiofsp.3.], together with the
recent inter-comparison with product from otherssea (4.4.2.4), do point in the right direction.
Future validation activities will set priorities dinese inter-comparison strategies.

For CPP cloud phase, both data sets, the EARS doasavell as the global GAC data, meet all
required thresholds. Only few of the sub-samplethefcloud phase product miss them. This may be
due to biased weighting as a result of sampliny @plecific situations. Compared with version
2012, the current results show a more balancedvimiraand are applicable to a wider range of
solar zenith angles. Thevp product bias shows indications of compensatingogst This is not
critical as long as no extreme (low or high) LWRues dominate the dataset. In general the results
of sub sample variations for the official CPP pradushow a more stable behaviour than that of
version 2012. For low solar zenith angles (daytintle¢ success measures have improved
remarkably. Processing of pixels with lower survat®n was not even possible in version 2012.
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ANNEX A. List of TBC, TBD, Open Points and Comments

TBD/TBC

Section

Resp.

Comment




