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1.0 Nature of the CERES CldTypHist_Ed4A Products

The CldTypHist EdA product replaces the CERES ISGORIlike Ed3A productsThe
CldTypHig EA4A product reformats the CERESYN1deghour/day/month E4A Terra
and Aqua MODIS and-hourly geostaibnary GEO) EA4A cloud properties into theame
cloud typesincoporated inthe NASA GISS ISCC2 cloud products.The cloud
properties are averagedon® doud top pressure (PC) and 3 optical depth (tau) bihe.

9 PGtaucloud types are shown iagure1-1. The 9 cloud types are further sdivided
into liquid and ice clouds the CHTypHist productThe CldTypHist E4A product can
be usedn all ISCCRD2 applications, such as GCM validation and other climate modeling
studies.Unlike the 3-hourly ISCCRD2 data the CldTypHist product is based on hourly
cloud observations, which are suited for regional diurgelecand pocess studieslhe
CldTypHist product has a higher 1° lat/lon grid spatial resolution thaGt88ISCCR

D2 the 2.5° equal area produétso the CldTypHist product includes additional cloud
parameters than the ISCCP D2 product, based on M@ud$EO mutiple channel cloud
retrievals.

Note:The new CldTypHist EA product name will remove the confusion associated with the CERES1SCCP
D2like product name, which was originally named in order to convey to the user that the CERES MODIS
and GEO clod properies were averaged into cloud types. The CERES ISR&ZiRe product was not in

any way a coordinated effort or associated with the NASA GISS ISCCP project.

The SYN1deg E4A was a CERES product designed to provide the highest temporal
resolution TOA ard suface flux datasdby incorporating hourly GEO imager data and by
taking advantage of the enhanced GEO imager capabilitiegptove the cloud property
retrievals,computed surface fluxeand GEO derived TOA fluxe§he SYN1ldeg E4A
should not b usel to infer long-termtrends of clouds or fluxe&Jsers should be aware
that whenever a GEO domain is crossed, whether in time or space, a slight change in
mean cloud property values should be expectedJsers are advised to use the EBAF
TOA andEBAF-Surfaceproductsto determine théong-term flux natural variabilityand
temporal trendingThe EBARTOA Ed4.0 product providemonthly cloud properties
suited for EBAF flux analysis, by combininerra and AquaMODIS cloud properties.
The Terra or Aqua SSldeg EI4A MODIS retrieved cloud properties are of climate quality
and can be used to determine long tesgiobal cloud trends, however, they do not
encompass the entire diurnal cycle.

The SYN1ldeg E4A and CldTypHist EdA products were designed for shéetm and
regional diurnalprocess studies, for example field campiagns and intensive observation
periods (IOPs)For E#A the CERES project has taken advantage ohthe generation
GEO imager capabilities rather than rely @™ generation GEO cloud treivas. The

intent was tamprove thecomputed surface fludsing the enhancedoud propeties. The
surface flux computation algorithm was modified a function of GEO imager
characteristics in order to provide consistent surface fluxes abhedd©DIS andl6 GEO
imagersThis is the first attempt for the CERES project to apply a more MODIS like cloud
retrieval algorithm across the GEO satellitesachieve more uniform MODIS and GEO
clouds.The individual GEO cloud retrieval algorithms were optirdizesinga few test
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months The new GEO cloud retrievatakeadvantage of the additional channels, which
were not utilized in the visible andiéhly CERESISCCRDZ2like retrieval code for Ed3A.
However, the manyGEO imager capabilityifferencessuch as nmnber of channels,
spectal responseandimage quality, mad retrievinguniform cloud properties across the
GEO constellation more challenging. Improvements in GEO dleigvalconsistencas
well as improved computed surface fluxeplanned for Edion 5.

In generalthe EA3A GEO domain cloud properties are more temporally stable then for
Ed4A. However, the Ed4A clouds are probably more in line with MQEB&pecially at
night, in order to compute more accurate surface fluxes.clinent plarfor Edition 5is

to provide uniform cloud properties across GEO domains for the full CERES record and
to provide a short term dataset that takes advantage of full constellatiSrgen8ration
GEOs and ? generation Metoesathat have channels similar to M@®in order to
retrieve near MODISike clouds, merged with all available MODIS and VIIRS clouds
onboard, Terra, Aqua, NPP, JREBeginning in 2019.

1.1 CldTypHist Algorithm

TheCldTypHist EdtA productprovidesTerraMODIS, AquaMODIS, and1-hourly GEO
cloud propety retrievals thahave been spatially griddéato 1°regions and averaged into
monthly 1-hourly and monthly timecaleswherethe cloud properties have been stratified
by optical depth and cloud pressigegelssimilar to the ISCCP D2 produ@iRossow ad
Schiffer 199). The MODIS cloud properties are not the official Goddasd

MODOx or MYDOXx cloud retrievals, buarebased on the CERES cldwvorking group
Ed4A retrievals(Minnis et al 201}, which are available on the S&vel2 and SSF1deg
hour/day/monthEdition 4A products.CERESCIdTypHist productutilizes GEO cloud
retrievalswithin 60° S and 60° Nn order to providaliurnal coveragdetween lhe Aqua
and Terra observationsigure1-2 identifies the GEO satellites used in the CERES record.
The1%'generatiorGEO cloud properties are retrieved framwo channe(2-ch)algorithm
using only the \gible am IR bands Kinnis et al. 199) similar to the ISCCHD2 cloud
algorithm. GOES 2" generation &hannelimagers include the 0.65um, 3.9um, 6.7um,
and 11um channels. Beginning with GOES the 12um channel was replaced with the
13.3um channelThe GOES 811 cloud retreivals are based on altbannels (5h-12) as
well as the GOE].2-15 (5ch-13.3) The Meteosat 80 and HimawarB are retreived from
multiple channel¢M-ch) dependent on the GE@agerchannel configuratiariThe GEO
M-ch cloud retrieul is simlar to the CERES MODIS cloud retrieval algorithm except that
it utilizes fewer channelsubject tothe number ofavailable GEO imager channels (See
Table 1-1). All M /5-ch cloud retrievals are based on theytimeVISST andnighttime
SIST algorithm(Minnis et al. 2011p

The instantaneous-Km (subsampled at xm) pixel level MODIS cloud properties are
averaged within a CERES Xn footprint and stratified into two possildgnamiccloud

layers (Geier eal. 2003Fig. 410). All of the CERES sulpotprint layers for a satellite
overpass within a 1° region are assigned to a cloud type. If there are multiple footprints
having the same cloud typie instantaneous sdbotprint cloud properties are averaged
within the 1° region. The GEO Kb-ch clouds are retrieved at thekeh (subsampled at-8

km) pixeklevel. The instantaneous GEQ'%4xh pixel level clouds are then averaged into
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their respective 3x3 Prau cloud types within a 1° region. The daytime GEEhare firg
averaged into the same SYN1ldeg statitaykers in the CERES Bé processing
environment. In order to back out the cloud optical depth for each of the layered cloud
properties, thelog and linear optical depthre used to compute the optical dept
distribution using a gamma distributiofiKato et al.2005. The integration of the PDF
within the optical depth range for the given bin determines the optical depth for the bin
(SeeFigurel1-3).

The CldTypHist BE4A cloud parameters are listed inable 1-2. The CldTypHist EAA
parameters contain all of the ISCCP D2 cloud parameters and provide additional
parameters, which include clobdse/topressure/height/temperatut®, emissvity, and
particle size (Se€ able 1-2). The MODIS and GEO N&-ch retrievals provide all the
parameters for both daytime and nightime measurements. The daytime-GE@2imes

a static particle size ofGum and ®um radii for liquid and ice clouds, respectively. The
daytime GEO 2ch retrievals use aloud effective temperaturénreshold of 253°K to
discriminate between liquid and ice phasBse CldTypHist product computes the IWP
and LWP from the opticalepth ad particle size for both GEO and MODIS clouds. The
GEO 2ch cloud retrievals can not be utilized at night, since they do not have an associated
optical depth. The CldTypHist Bé product does not temporally interpolate cloud
properties between obisved clads as does the SYN1deg product in order to facilitate
hourly surface flux radiative transfer model computatioesnporal interpolation between
differing cloud typesnay resit in unrealistic P&au types and may negatively impact the
CldTypHistEd4A montly cloud properties.

The CldTypHist monthly hourly cloud properties are averaged from all of the daily
measurements for each hour. The cloud amount is simply averaged. The remaining cloud
properties are wieghted by their associated cloud amdtetlogof the optical depth is

used to average optical depths, since the log optical depth is approximately proportional to
the visible radiance. The monthly mean is computed from the monthly hourly cloud
propertiesThe separation of the daytime anghtime cbuds are based on the solar zenith
angle of 90°If the monthly hourly SZA is less than 9@he associated cloud properties
areused to compute the daytime cloud properties.

The CldTypHist cloud properties are the same as found on the SYMadegay/nonth

Ed4 dataset. Whereas tB&N1degcloud properties are stratified by 4 pressure layers
(surface700mb, 700mib00mb, 500mMB00mMb, and 300mb to 50mb), the CldTypHist
cloud properties are stratified by 3x3-R¢i. The CldTypHist monthly mean 3@-tau

cloud type properties have also been averaged as total cloud properties, as well as for day
and night only monthly means. The ISGORIlike Ed3A cloud properties were organized

into MODIS-day, MODISnight, GEGonly, and merged products) order to sparate

thar inputs based ocloud retrieval qualityNighttimeclouds are not as reliable as daytime
clouds, since they are based on IR channels only. GEO clouds are not as reliable as MODIS,
since GEOs have fewer channels, broader spectral bands,oargkrc piel spatial
resolution. The CldTypHist provides only one dataset, wtichbines the Terra adjua

MODIS and the dhourly GEO cloudgaking cloud quality into accounEor hours with

both a MODIS and a GEO observation, the MODIS measurementpekesdene (See
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Figure 1-4). Whereas, the ISCCB2like Ed3A product normalized the GEO clouds to
MODIS, the CldTypHist E4A doesnotnormalize the GEO clouds in order have consistent
CldTypHist EAd1A and SYN1deg E4A clouds.

Figurel-5illustratesthe combining of th&erraMODIS (10:30 AM localequator crossing

time (LECT))and the 1hourly GEO cloudsluring March 2000For GEO M5-ch domains

all hour boxes contain obsetians. Forthe tropics, there are typically two TeiODIS
measurements, one at 10:30 AM and one at 10:30 PM. The remaining hour boxes are from
GEO M-ch retrievalsFor the GEO nighttime-2h domains, no nighttime GEO hour boxes
are filled and remain emyptbut docontain the nighttime Terra and Aqua measurements.
During the day the GEO-éh domain are all filled in a similar fashion to the GECb4dh
comainsFigurel-5 displays how the Terra, GEO/Bch, and GEQ-ch is cbud amount

is combined regionally. The GEO domains are identified by the labels in the bottom panel
that shows the # of GEO observatioiifie Met7, Met5 and GMS5 GEO domains
contain GEO zh retrievals. For @ GMT (Figure 1-5 left panels) The Terra cloud
amounts are in the top panel. The GEO cloud amounts exist for the5GMf®ain, since

that domain islluminated by the sun, as indicated by tfiepénel that shows the cosine of

the solar zenith angl Howeverthe GEO cloud amounts are default at night for-end

Met-5. The CldTypHist E4A combines the Terr@akes precedencahd GEO and at night

only the Terra cloud amounts are available over theeetd Met5 GEO 2ch domains.

For the 1213 GMT hour b, the Met7 and Met5 GEO domains are in daylight and
GMS-5 domain is in darknessigure1l-6 demonstrates the combining of Terra (10:30 AM
LECT), the Aqua (1:30 PM LECT) MODIS and thehburly GEO clods during dne
2008.Thetwo AquaMODIS measurementreat 1:30AM and 1:30 PNind only overlap

with Terra at the pole#f there are both Terra and Aqua observations in the same hour box
then the satellite with the lower view angle takes precedence.N#tly conains GEO

2-ch clouds. BesidasighttimeGEO 2ch domins, there are regions poleward of 60° N and
60° S where no clouds are available, since the regions are not observed by either Terra or
Aqua and the GEO domain is limited to 60° in latitude. example oer Canada during

June 200®-1 GMT (Figurel-5).

1.2 Synergy between the CERES CldTypHist and kixByCIldTyp Products

The CERES project will shortly release the CERES FluxByCIdEgig product, which
providesCERES SW an LW TOA fluxes as a function of 3x3 Ptau cloud types. The
FluxByCIldTyp product is an instantaneous griddedrdgional product that follows the
orbit of either the Terra or Aqua satellites and contains no GEO cloud properties or fluxes.
The CERES FluxByCldTyp Ed4 product computes the CERES SSKfaulbprint fluxes

by employing MODIS multchannel radiance to broadband radiance empirical
relationships based on singyer and cleasky footprints. TheFluxByCldTyp Ed4
product allows modets to compargheir simulated fluxes as a function of cloud type along
the Terra/Aqua ground tracks with the corresponding CERES fluxes. Along with the
CERESFIuxByCIldTyp product, a CERE®ODIS simulator will provided sdhat the
model output can be dirtg comparedo the MODIS cloud retrievels and CERES fluxes.
(Eitzen et al. 201)7

We urge users to visit thEERES Data subsetting/visualization/ordering tool, which
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providesa vastly improved user interface and a wider range of data formats (e.gl, ASC
netCDF) theEarthdata Searabrderingtool is limited to HDF.

https://ceres.larc.nasa.gov/data/

Tablel-1. Displays the GEO imager channels usedetermine the cloud ns& (M) and
cloud property retrieval (R). The cloud retrieval algorithm is identified along the top row
and the GEO satellites associated with cloud retrieval algorithm is listed in the second

row.
channel 2-ch 5-ch-12 5-ch-13.3 M-ch
GEOs GMS-5, Met-3, Met-7 GOES 8-11 GOES 12-15 Met 8-10, Him-8
visible M,R M,R M,R M,R
0.86pum M
1.6pum M,R (snow)
3.9 pm M,R MR M,R
6.7 pm M M M
8.6 M
11 pm MR M,R MR MR
12 pm MR MR
13 pm R R
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Tablel-2. The CldTypHist cloud property parameter availability as a function of
MODIS, GEO 5ch, GEO 2ch day, and GEO-2h night retrievals. For GEO-¢h day
the cloud particle radius is assumed to be 10um and 30um for liquid and ice,
respectively. +The GEG2chLWP and IWP is computed from the assumed particle size
and optical depth. *No GEO-¢éh cloud retrievals are available at night, since the optical
depth is not available.

Cloud property MODIS GEO GEO-day GEO-night *
Day/Night | (M-ch, 5-ch retrieval) (2-ch retrieval) (2-ch retrieval)

Cloud Fraction X X X

Cloud Effective Pressure

Cloud Effective Temperature
Cloud Effective Height

Cloud Top Pressure

Cloud Top Temperature
Cloud Top Height
Cloud Optical Depth
Cloud Particle Radius
Liquid/Ice Water Path
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Figurel-1. The 3x3 P@&au histogam used in the CERES CIdTypHist product. The cloud
type names are given for the 9 cloud types, as well as the approximate¢ogdueights
and cloudtop albedos.
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Figure1-2. The GEO satellites used in ¢hCERES CldTypHist product as a function of
longitude position. & and H8 refer to GOES® and HimawarB, respectively.

Figure1-3. An illustration ofthe integration of the ajgal depth distributiondr 3 optical
depth bins (labeled a b c) based on the gamma distribution (yellow line) computed from
the linear and log optical depth for a given GEO cloud layer.

For a region, at 0°E and O°N, where local time=GMT

Local time sunrise noon sunset midnight

Hour box | 1 2 3 4 5 6 7 8 9 10 | 11 |12 {13 (14 | 15 (16 |17 | 18 119 (20 | 21 | 22 | 23 | 24

GEOM/5ch | G G A G G G G G G T G G G G A G G G G G G T G G

GEO 2-ch A <] G G T G G G G A G G G T

GMT 0 3 6 9 12 15 18 21 24

Figure 1-4. A hypothetical 1°region locaed at 0° longitude and the equator, where the
GMT and local time are identical, monthly GM¥hburly distribution of TerrdMODIS,
AquaMODIS, and GEO cloud retrieval inputs. The GE@I% refers to the™ and 3
generation GEO sallites, whereas the GEBch refers to the®lgeneration GEO satellites
shown inFigure1-2.
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Figure1-5. The March 2000 monthly-@ GMT hourly (left panel ploysand 1213 GMT
(right panéplots) mean cloud amount for TefkéODIS, GEGonly, CldTypHist or Terra
MODIS and GEO combined, cos(SZA), and # of GEO observations (top to bottom). Met
7, Met5, and GMS5 are GE@2ch satellites and do not providigihttimecloud properties,
whereas GO&-8 and GOESIO are GEO &h satellites and provideighttime cloud
propertiedor the CldTypHist product.
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Figure1-6. Same as-igure 1-5, except for June 2008. M&tis a GEG2ch satelliteand
doesnot providenighttimecloud properties, whereas the remaining satellites are GEO 5
ch and providaighttimecloud propertie$or the product.

1.3 CERES Processing Level and Product Description

Thissection explains the CERE®ocessing flow from level O to level 3 products; the steps
are summarized inable1-3. This section also briefly describes all of the publicly available
CERES products and theirqmesing differences to help ¢huser find the appropriate
product for their application.

CERES instruments fly on the Terra (descendingssunthronous orbit with an equator
crossing time of 10:30 A.M. local time) and AqaeNPP (ascending susynchronaos
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orbit with an equator crogsy time of 1:30 P.M. local time) satellites. Each CERES
instrument measures filtered radiances in the shortwave (SW; wavelengths between 0.3
and 5 um), total (TOT,; wavelengths between 0.3 and 200 um), and window (WN;
wavelenghs between 8 and 12 um) regmnUnfiltered SW, longwave (LW) and WN
radiances are determined following Loeb et al. (2001). CERES instruments provide global
coverage daily, and monthly mean regional fluxes are based upon complete daily samples
over the etire globe.

Raw digitized ingument data (Level 0) are converted to instantaneous filtered radiances
(Level 1) using the latest CERES gains (Thomas et al., 2010) -dépendent spectral
response function values are then used to correct for the impspéetal response of the
instrument and convert the filtered radiances into unfiltered SW, LW and WN radiances
(Loeb et al. 2001; Loeb et al., 2016). Since there is no LW channel on CERES, LW daytime
radiances are determined from the difference betweeh@h and SW channel radiances.
Instantaneous TOA radiative fluxes (Level 2) are estimated from unfiltered radiances using
empirical ADMs(Su et al., 2015a) for different scene types identified using cloud property
retrievals from MODIS measurements (Misretal. 2011). Their accurackias been
evaluated in several articles (Loeb et al. 2006; Loeb et al. 2007; Kato and Loeb 2005; Su
et al., 2015b).

Monthly mean fluxes (Level 3) are determined by spatially averaging the instantaneous
TOA flux values on a 2¥1° grid, temporally interpolatg between observed values &t 1
increments for each hour of every month, and then averaging all hour boxes in a month
(Doelling et al. 2013). CERES employs the CEREfSy (CO; CERES SSF1deg stream)

and the CERESgeostatioary (CG; CERES SYN1deg strean®mporal interpolation
methods. The CO method assumes that the cloud properties at the time of the CERES
observation remain constant and only accounts for changes in albedo with solar zenith
angle and diurnal land heating, &ysiming a shape for unresotvehanges in the diurnal
cycle. The CG method enhances the CERES data by explicitly accounting for changes in
clouds and radiation between CERES observation times ugwogrly imager data from

five geostationary (GEO) saliéds that cover 60°80°N at ay given time.

The Energy Balanced and Filled (EBAF, Level 3B) leverages off of the CERES L-8vel 1
data products to produce a monthly TOA flux dataset that maintains the excellent
radiometric stability of the CERES instrunms while at the same time ingmorating
diurnal information from geostationary satellites in such a way as to minimize the impact
of any geostationary imager artifacts that can occur over some geostationary domains and
time periods. In order to ensure EBAOA fluxes satisfy knownglobal mean energy
budgetconstraintge.g., based upon-situ data from the Argo networkRoemmichet al.
2009), SW and LW TOA fluxeare adjusted within their range of uncertainiging an
objective constrainment method (Loeb d., 2009) Importantly, ths is a ondime
adjustment applied to the entire record. Therefore, the-dependence of EBAF TOA
fluxes is tied as closely as possible to the CERES instrument radiometric stability. Unlike
other CERES data products, EBAfowides monthly regional cleaky TOA fluxes that

are free of missing regions by making optimal use of coincident CERES and MODIS
measurements.

10
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Tablel-3. Processinglescriptions for CERES Levet3 data poduds.

Level

Description

Data Product

Rawdigitizedinstrumentdatafor all engineeringand
sciencalatastreamsn ConsultativeCommitteefor
SpaceDataSystemgCCSDS)packetformat.

1B

Instantaneousltered broadbandadiancestthe
CERESfootprint resolution, geolocatiorandviewing
geometrysolargeometrysatellitepositionand
velocity,and all rawengineeringandinstrumentstatus
data.

BiDirectional Scans (BDS

Instantaneougeophysicavariablesatthe CERES
footprintresolutionIncludessome Level 1B
parameterard retrievedor computedyeophysical
variableqe.g., filtered andunfilteredradiances,
viewing geometryradiativefluxes,imager radiances,
cloudandaerosol properties).

SSF

Radiativefluxesandcloudpropertiespatidly average
ontoauniformgrid. Includes eitherinstantaneous
averagesortedoy GMT houror temporally
interpolatedcaveragest 1i hourly, daily, monthlyor
monthlyhourlyintervals.

SSFl1degHour, SSF1deg
Day, -Month,

SYN1degHour,-Day,
-MHour, -Month

11
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2.0 Cautions and Helpful Hints

The CERES Science Team notes several

CERES D2like Ed3A

General

CAUTIONS

4/14/2021

regarding the use of

The CERES_SSF1deg Hour/Day/Month_Ed4.0 productbesisualized, subsetted,
and orderedfrom: https://ceres.larc.nasa.gov/data/

A full list of parametersn the CERESCIdTypHistis contained in the Data Product
Catalog (PDF)

Users should be aware that some of the kguts used to produdbe SSFldeg
changed tavarious times during the data recofslich changes, if large enough, may
introduce spurious, unphysical jumps in the rectmdhe past, these changes were
reflected in each CERES d &ttenchgngeol@gs,ct 6 s
SRBAVG Edition2A, Hlition2B, etc.). However, this proved cumbersome and
confusing to many usersherefore, fothe SSF1degroduct letter changes will only
reflect a reprocessing of the data record (e.g., due to a codeMmjgj.algorithm
improvements will be noted as idns. Changes to inputare documentedat the
following web site
(https://ceres.larc.nasa.gov/data/gengralductinfo/#ceresinput-datasourcek The

web siteprovides a timdine of al input data source changes to date used to produce
the CldTypHist E4A products.Users areadvised to use this table aseference in
their analysis o€ldTypHist productsThis especially applies when GEO satellites are
replaced

The Aqua satelliteexperiencd an anomaly preventing any dat@ansmittal from
August 16 to Septemb8r 2020 CERES processing filled thiaquagapwith the SSF
NOAA-20 Ed1Bfluxes and cloudérom August 1631. September-3 was not filled.

Processing is perforrdeon a nested gridThis grid uses 1° equalngle regions
between 45°N and 45°S and maintains area cemsigtat higher latitudeslhe
product contais a complete 360x180 1° grid created by replication.

Table2-1. CERES nested grid

Latitude segment

# of zones in segment

Longitude extent (°)

# of regions/zone

# of regions in segment

Equator to 45°

90

360

32400

45°to 70°

50

180

9000

70° to 80°

20

90

1800

80° to 89°

18

45

810

89° to 90°

2

1

2

Total

180

44012

12
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Clouds

No zonal or global averages are provided i CldTypHist E4A product

1 The cloud properties are provided asntiidy 1-hourly, monthly, monthhday, and
monthly-night. The 3x3 P&@au cloud types have also beenragedinto total cloud
properties, which should be similar to the clouds in the SYN1deg product.

1 When averging cloud properties, wieght by the assodatdoud fraction. When
averaging optical depths, use log optical depths. Averaging of liquid arwdaies
paths and particle sizes should be avoided.

1 The day andnighttime CldTypHist GEO or MODIS cloud property differences
may be aresult of the retrievdalgorithm . The MODIS and GEO cloud properties
will also differ. The MODISand GEOdaytime cloud mperties are retrieved from
both visible and IRMODIS bands, whereas as nigitly the IR bandsre usedlt is
very difficult to obtain accurate opticalgths for thick clouds using only IR channels.
The cloud parametatifferences between day and nigist shown infable2-2. The
nighttime LWPandIWP are underestimated, wh compagd with the moe reliable
daytime retrievalsNighttime cloud fraction, height and IR emissivity are greater,
higher and less than thalaytime counterparts, respectivelyis also possible that
some of th&SEO and MODIS cloudifferences are eesed by diurnal cloud property
variations.The MODIS cloudproperties are only sampled during Terra (10:30 AM
LECT) and Aqua (1:30 PM LECT) oveaiss times.

1 The CldTypHist GEO properties will more than likely show cloud parameer
value discontinuitiesin between GEO domainsFigure2-1 clearly shows LWP and
IWP discontinuties between GEO domains for bath and night. Also th&EOday
and night cloud propertiesill differ. Cloud fraction is the most consistent thicéoud
properties between day and night and across GE@dawies both in time argpace.
Cloud topl/effective/base pressure/hieght/tempesatane slightly more impacted.
Particle size, IWP/LWP, IR emissivity and optical depth are greatly dependent on
GEO satellite and day/night conditio(SeeSection4.2).

1 Table2-3documents the GEO sequence of satellite for each GEO domain as a function
of date. Also the GEO domaboundaries are listed. An error was found in the GEO
boundary code for CldTypHist data generated between 2008 and 2010. This issue was
correced for the remaing time period. This impacted the 0° and 60° boundary, which
was shifted to 28° between 2008 &0, where the rest of the time period used 41°
as the bondary.Analyzing clouds across GEO boundaries both in space and time
should be avoded if possible

1 For Metl0, MTSAT-2 and GOESL3, datagaps occurred and the backup GEO
satellite was used to filh the datagap cloud propertigeeTable2-4). The datagaps
are listed on théhe CERES data imts webpage which is updated in near realtime
( 2
These GEO switchings will also potentially show cloud parameter value
discontinuties. GOES13 suffered outages, when the backup sateBRES14
located at 90° was slowly moved into the GOGESposition. After the GOES.3

13
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outage the GOE%3 was moved back into the GOBS position. MTSAT1R was
used as a backup satellite during the MTSTAJround station maintenance period.
Met-8 and Met9 wereused as backups, when ME2 was undergoing deing of its

IR channels.

1 Table 2-5 provides a chart that recommends particular GEOs from a segence
of satellites within a GEO domain. If the luxury of chosing timeperiod during the
CERES record is available, thére table can be used to select the time period with
the most robust and stable clouds. The GEO cloud quality is a function of the retrieval
code, where the quality is a function of the number o&nadkels. Another
recommendatiofactoris the image qualityGOES9 had a very noisy visible channel
andhas the lowestecommendation status the whole CERES recor@he GEO 2
ch have a recommendation a step above GECS&nce the MTSATLR blurred
visible optial path was mostly corrected, it has the sessenmendatioras the Zh
GEOs. The GOES imagehave a higher recommendatiaith a slight preference
given to the 12umetrieval. The Meteosat B0 have an even higher recommendation
It must be poited outthat the cloud retrieval algorithohangedor Met-10, when an
enhanced IR optical depth was implemented to increase the optical depths at night.
The Himwari8 and GOESR are replicas of each other and have the highest
recommendation, since theyJeaa neaMODIS retrieval algorithm.

1 The CldTypHist prodat also provides the number of the GEO and MODIS
observations used to obtain the monthly hourly meains.number of observations
can be useds a quality control indicator. For each monthly hourlgloud vdue, the
number ofMODIS and GEO observations shdwqual to the number of days in the
month. Measurements with a greater frequency of MODIS data should have a higher
guality clouds than those based solely on GEO. Alser GEO 2ch domainsmost
nighttimehours will not have any GEO observations, si@&O 2ch cloud retrievals
do not have an accompanying optical depth, except for hours that either Terra or Aqua
sample.

14
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Table2-2. The Terra andAquaMODIS 14year mean cloud properties frahaly 2002 to
June 2016 for nonpolar (£60° latitude) regions. These cloud properties were not obtained
from the publicly available CldTypHist produatit were based on MODi&nly and
GEG-only intermedate proessing data

Cloud property Day Night Day Night
MODIS MODIS GEO GEO
Cloud Fraction (%) 659 69.2 67.4 69.3
Cloud Effective Pressure (mb) 610 536 647 584
Cloud Effective Temperature (K) 263 254 267 262
Cloud Effective Height (km) 4.9 6.2 4.3 52
Cloud Top Pressure (mb) 597 517 627 560
Cloud Top Temperature (K) 261 251 264 258
Cloud Top Height (km) 5.2 6.6 4.8 5.7
Liquid Particle Radius (um) 13.8 11.0 15.6 103
Ice Particle Radius (pm) 252 27.7 30.0 22.8
LWP (gm-3) 83 51 111 45
ITWP (gm-2) 201 52 295 83
IR Emissivity 0.80 0.70 0.83 0.77

Table2-3. Dates when GEO satellites were replaced and the grid domain boundaries as a
function of satellite equator longitedlisted across the top rowjhe GEO domain
boundaries &veno mlumn headers and are placed between satellgiéiqocolumns
and contain the GEO boundary longitude as a function of the date along the left column.
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