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1.0. Introduction

This document describes the theoretical basis of MODIS Atmosphere Level 3 (L3)
products. Topics covered include computational appessaid scenarios, subsampling and
gridding characteristics andaveats, the impact of Level 2 (L2) confidence flagsL3, and
finally a breakdown of the parameters and statistics computed in L3.

The fiLevel 06 terminology i s MOD3dSeddta granluctd:e not e L
Level O (LO) denotes rawpectral channeatounts, Level 1B (L1B) denotes calibratedd
geolocatedadiances, Level 2 (L2) denotes orbisatath science products, and finally Level
3 (L3) denotes globajridded science praogts.

All L3 MODIS Atmosphere products, retrieved from MODIS instrument and ancillary
data, are grouped into udgeiendly Hierarchical Data Format (HDF) files based upon the
platform (Terra or Aqua) and temporal period of collection (Daily (08 _D3), Eight Day
(08_E3) and Monthly (08_M3)).

Terra data usa MOD prefix in the HDHile name. Aqua data useMYD prefix. So,
for example, a Terra L3 Daily file would have aH filename prefix of MOD08_D3 and
an Aqua L3 Daily file would have an HDF filename prefix of MY D3.

The Terra overpass tina the equatois around 1030 local solar time in its descending
(daytime)modeand 2230 local solar time its ascendingnighttime)mode. The Aqua over-
pass time is around 1330 local solar time in ascen@iagtime)mode ad 0130 local solar
time in descendin¢nighttime)mode

L3 Atmosphere products contain hundreds ok 1” global gridded Scientific Data Sets
(SDSs) or statistics derived from the L2 products of Aerosol (04_L2), Water Vapor (05_L2),
Cloud (06_L2), and Atmspheric Profile (07_L2). L3 SDSs derived from Cloud Mask
(35_L2) related datareactually read from (duplicated in) the Cloud (06_L2) product, there-
fore the L2 Cloud Mask (35_L2) productrisver read (directly) into L3.

MODIS atmosphere products aregped as follows. Earth Science Data Type (ESDT)



names, used to identify each product by their HDF filename, are provided in parentheses.

Level 2 Products
A Aerosol Properties (04 _L2)
A Water Vapor (or Precipitable Water) (05_L2)
A Cloud Properties (06_L2)
A Atmospheric Profiles (07 _L2)
A Cloud Mask (35 _L2)
A Joint Atmosphere (ATML2)

Level 3 Products
A Daily Global (08_D3)
A Eightday Global (08 _E3)
A Monthly Global (08_M3)

Each Level 2 atmospheric parameter is retrieved at a spatial resolution determined by the
sensitivity of retrieval, not necessarily on a single field of view (FOV) basis of the MODIS
spedral band retrieval needed t@rform the retrieval. Resolutions of L2 science products
areat 1x 1, 5x 5, and 10x 10 km. Level 3 atmospheric parameters @omputed at°1x 1°
spatial resolution.

MODIS Level3 Hierarchical Data Format (HDF) product files have standardized file-

names that are detailed below.

Terra (AM) Platform:
MODO08_D3. AYYYYDDD.MVW.YYYYDDDHHMMSS. hdf

Aqua (PM) Platform:

MYDaOa_D3. AYYyYDDD WVYYYYDDDHH MbSS. hd f

MOD0O8_D3 = Earth Science Data Type Name
YYYYDDD = Data Year and Day of Year
VWV = Collection Version

YYYYDDDHHMMSS = Processing Date & Time
hdf = Suffix denoting HDF file

Note that: (j all timesareUTC times, not locatimes, and () the MODO08_D3 prefix represents a daily L3
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Terra platform file. Daily Aqua platform files have the prefix MYD08_D3. Eight day files have the prefix
MODO08_E3 and MYD08_E3. Monthly files haveetprefix MOD08_M3 and MYD08 M3.

The Collectoniver si ono denotes a complete set of
comprehensive changes (updates) to the science algorithms. Collection 5 was completed in
calendar year 2006. Collection 6 is expected to begin in early 2009. Detéils cmanges
implemented in each Collection are availabletlie fiproduct® sectionof the MODIS
Atmosphere web siter(odisatmos.gsfc.nasa.ghv Occasionally significant updates are im-
plemented in the mide of a Collection. This is only done when a L2 or L3 operational al-
gorithm software bug is discovered that seriously impacts one or more of the Scientific Data
Sets (SDSs) contained within a L2 or L3 HDF file. Scientists working with MODIS data
should &vays be aware of updates applied to the operational software (especially those ap-
plied in the middle of a collection) by visit

tion of the MODISAtmosphere web site (see link above).

1.1 Approach

The Collection 5 L3 MODIS Atmosphere Daily Global Product contains nearly 700 sta-
tistical Scientific Data Sets (SDSs) that are derived from 106 scientific parameters read from
four Level2 MODIS Atmosphere Products: Aerosol, Water Vaioud, and Atmosphere
Profile.

The Collection 5 13 MODIS Atmosphere Eighibay and Mothly Global Products con-
tain over 90GstatisticalScientific Data Sets (SDS#)at are derived froratatistics within the
Daily L3 Global product only.

All statistics aresorted into 1 x 1° cdls on an equahngle global grid (see section 2.0).

A numberof statistical summaries are computedeach of these L3 producdepending on
the parameter being considered. Statistics for a given measurement icligde:in

1 Simple(mean, minimum, maximum,atdard deviation) statistics

1 Parameters of norahand lognormal distributions

T Fraction of pixels that satisfy some condition (ectpudy, clear)


http://modis-atmos.gsfc.nasa.gov/

1 Histograms of th quantity within each grid box
1 Histograms of the confehce plaed in each measurement
1 Joint Histograms and/or regressions derived from comparing one science parameter to

another, statistics may be computed for a subset that satisfies some condition.

1.1.1 Time span

L2 MODIS data granles (input to L3 Daily) are always tinstamped using Coordinat-
ed Universal Time.Coordinated Universal Timis International Atomic TimgTAl) with
leap secondsdded at irregular intervals to compensate for Ehe r tslowing rotation.
These added leap seconds allBaordinated Universal Time to track theean solar time at
theRoyal Observatory, Greenwi¢MT).

Coordinated Universal Time is abbreviated UTThe International Telecommunication

Union wanted Coordinated Universal Time to have a single abbreviation for all languages.

English speakers arfefenchspeakers each wantedh e i ni ti als of their re
terms to be used internationally: ACUTO for
Atemps uni verTtleils crooguwlothend®.ion t he final compr c

Each L2 MODIS granule (stored in a singd®F file) contains 5 minutes of data. The
time stamp (which is part of the HDF file name) shows the start of-thm&te data collec-
tion period. For example, a L2 MODIS granule (contained within a single HDF file) might
have a time stamp of 1430. Timeans the start time of data acquisition was 14:30:00 UTC.
The subsequent HDF granule would have a time stamp of 1435, which corresponds to an ac-
quisition start time of 14:35:00 UTC.

In Collection 051 and earlier, the Daily L3 product contaiskdistic computed from a
set of L2 MODIS granules (HDF files) thgpanneda 24hour (0000:00 to 23:59:59 UTE
interval In the case where a L2 parameter is only computed during the daytime, then only
daytime files are read to compute the L3 statistics.

In Collection 006 and later, Daily L3 product contained statistics with tweaked time
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stamps (as much as 3 hours before the start of or 3 hours after the end of a GMT day) such
that data gaps and or data overlap near the (time and/or geographic) boundary atedmitig
So in Collection 6 data, one will rarely see data gaps near the International Date Line or data
observed nearly 24 hours apart being mixed together. This provides a cleaner and clearer day
to day boundary in the stored HDF Daily data.

The EightDay L3 product is computed from 8 consecutive Daily L3 product files. The
start date for the-8ay interval is always reset to Januatyat the beginning of each calen-
dar year, however the lastddy interval in each year is allowed to span over the finst
days of January. For example, the last edgyt interval for 2005 runs from 12/27/05 to
1/3/06, while the first eighday interval for 2006 runs from 1/1/06 to 1/8/06. Users should
note these days of overlap when evaluating a setdz#y8product fiés that span several
years.

The Monthly L3 product is computed from the complete set of daily files that span a
particular month. There are never any days of overlap (like that which exists in thdagight

product).



1.1.2 Definition of Day changbetween Collection 5/51 and Collection 6

The use of the hardwired 2¥bur (00:00:00 to 23:59:59) UTC time stamp interval to
det er mi ne iaCofiedtiant 081 addaegrker caused 2 troublesome problems. First
there was an every other day repeating pattern seen in the L3 Daily (08_D3) data/images.
This pattern showednaapparenfid at a gapo on one day, where
granulesor sometimes a missing orbit near the International Date Line. Then on the subse-
guent day there was fidata overl apo, wher e
were mixed in with the granules from the new dagffectively combining data observed
nearly 24 hours apart to be averaged together. This can be seen inlfglow. Figure 2
shows the same two days of data, except using Collection 6 data, which had the new C6

ADefinition of Teffediwlyegidms (edninatipg) therolkelem.
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Figure 1. Two consecutive days of Collection 51 MODIS data showing the orbital gapothéal
overlapproblem. This pattern repeats every 2 ddyand was caused by using a fixed 0000
2400 UTC definition of fADayo.

Aerosol_Scattering_Angle_Pixel_Counts 01May2011
120

MODIS/ Tema MODO08 D3.A2011121.006.2015052061 101 hdf none

Aerosol_Scattering_Angle_Pixel_Counts 02May2011
120

a0
| & 1Y A f
// 60
I 30
- ) 4
R |

MODIS/Tema MODO08 D3.A2011122.006.2015052084759.hdf none
Figure 2 The samewo cansecutive days of data shown in Figure 1 except this time depicting Collec-

tion 6 (C6) MODIS data showing the data gap and overlap problem (that was found in
C5/ C51 and earlier Collections) repaired by the

2.0. Gridding
All MODIS AtmospherelL3 SDSs are stored on an egaaglelatitude-longitude grid
(cf. Figure3).



Equal Angle Latd on Grid

"

Figure 3. A latitude-longituderectangulagrid.

The grid cells are 1° 2°, which means tht1ODIS Atmosphere L3utputgrid is al-
ways 360 pixels in width and 180 pixels in height. An example of a MODIS Atmosphere L3
Scientific Data Set (SDS) mapped on°a11° latitudelongitudegrid is shown in Figurd.

The L3 grid cell indexed (1,1) in the SDS is located at the upftecorner of the map
and corresponds to a grid box with boundaries of 89° to 90°N latitude and 179° to 180°W

longitude.

Atmospheric_Water_Vapor_Mean_Mean March 2006

=7.500

5.625

0.000

MODIS/Terra MODO08_M3.A2006060.005.2006244141643,hdf cm

Figured. An example L3 SDS shown in its native latitddegitude projection format.

The assignment of L2 pixels (to a L3 grielly that fall exactly on a L3 grid boundary is

performed using the following convention: L2 pixels that fall exactly on the first whole de-



gree boundary 90°N (+90.0) latitude and 180%180.0) longitude are binned in the L3 grid
column and row #1. L2 pets that fall exactly on the second whole degree boundary 89°N
(+89.0) and 179°W-{179.0) are binned in L3 grid column and row #2. The exception to this
logic occurs in the last L3 grid row (89°S to 90°S), which contains both whole degree lati-
tude boundayr pixels ¢89.0 as well as90.0). There is no exception for the last L3 grid col-
umn (179°E to 180°E) since +180.0 aiiB0.0 represent the same physical location (these
L2 pixels are binned in the first L3 grid column).

An important property to note wheonsidering L3 gridding occurs due to distortion in
the latitudelongitude map projection as one moves poleward. The actual (real world) size of
each 1° x 1° grid box physically shrinks when moving from the equator toward the pole due
to the convergenoaf longitude lines on the globe (see Figh)ye At the equator each 1° x 1°
grid cell is roughly 12,321 k#in size, at the pole each 1° x 1° grid cell is only 107 kom
less than 1/100the size.

Figure 5 Convergence of longitude lines produsésinking of 1° x 1° grid cells towaitthe poles

It should be noted that there is also a variation of pixel size in L2 (input) products due to
viewing (scan angle) distortion. For example, in 1 km (nadir) resolution L2 data, the L2 pix-
els expand due taew angle distortion when moving from nadir towards the limb (high scan
angles) of the MODIS scan (see Figuéeand7). These same distortion factors apply to 5

and 10 km native resolution L2 pixels.
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Growth of a 1km resolution L2pixel as afunction ofscanangle

This viewing distortion of L2 input pixels means that there are fewer L2 pixels to aver-

age in the computation of L3 daily statistics for L3 1° x 1° grid boxes that cover regions of

high scan angles in the L2 orbital products than for those that covebit@l @roducts com-

puted closer to nadir view. For multiday products, this effect is averaged out. It should be

noted that
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So not only are there fewer L2 pixels to average at high MODIS scan angles, but they are
less independent. A third irapt is these high scan angle L2 pixels may be less reliable in
general as they are viewed by the sensor through more atmosphere, which complicates the
retrieval process. A fourth impact is that they could have more inherent geolocation error
depending otthe local terrain.

Figure8 shows the predicted orbital track (white lines) for the MODIS Terra instrument
for a given day in 2007. L3 gridding issues at the poles (due to very smaiinfasa.3
grid boxes) are exacerbated by MODIS orbital tracks gbato further north or south than
roughly 82°1 which means the pixels at the poles are always viewed at higher scan angles.
Also there are 16 overlapping orbits near 82° latitude (each one roughly 98 minutes apart)
t hat cause At i merdailystatisicg compyted polewvard af abaut 77 (that
is, they tend to be dailgveragestatistics), in contrast to those at rfaditudes (that typically

can be pinned down to within 20 minutes of a MODIS instrument overpass).

TERRA FREDICTED FPRSS MARC 7 D (ALL TIMES IW UTC) McLORS

Figure 8 Predicted Tea MODIS orbit tracks for a particulaay (March 17, 2007).

In order to help visualize a typical distribution of L2 pixel counts that are used to com-
pute L3 daily statistics, a typical daily pixel count image is shown in Figur€his figure
shows the ninber of L2 pixels that typically go into the computation of statistics in each L3

1° x 1° grid cell for all (daytime only) aerosalated (10 km resolution at L2) SDSs.
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Scattering_Angle_Pixel_Counts 01Jul2005

!z 140.000
105.000
70,0000

35.0000

\
HO 00000
MODISiAnqua MYD0S_D3.420051582.005.2006115133312.hdf  none

Figure 9 Typical global distribution ofdaily pixel counts (i.e.the number of L2ata pixels pefl® x
1° L3 grid cell) for 18km re®lution L2 input products (e.g..eeosol derived produdts
Note this is a daytime (ascending node) only product.

For 5 km (native or sampled) L2 products, the distribution would be similar; however
the ounts would be roughly 4 times higher. Missing data that include orbital gap regions
and the solar zenith angle enff region toward high southern latitudes (since this is a day-
time only product) is shown by the pure black color.

It is clear from Figure8 that over 120 L2 pixels were used to compute L3 statistics
for this SDS near nadir (the bright red color at mid latitudes) but fewer than 15 L2 pixels
were used near the edge of the scan (the light violet color next to the black orbital gap re-
gions at mi-latitudes). Pixel counts for 10 km input products generally range from 0 to 121
(11 x 11), and pixel counts for 5 km input products generally range from 0 to 484 (22 x 22)
pixels. Onedegree L3 grid cell #fApixel conoumbessd can e
where overlapping orbits and near nadir views intersect (typically around 82° latitude). The
reduction of counts in the top few rows of latitudes (82° to 90°N) in Figusedue to the
reduction of L2 pixel counts due to high view angles (thakenthe L2 pixels larger) and
therefore fewer fall into a given (shrinking, due to Earth geometry) polar L3 grid cell since
one L2 pixel can only be assigned to one L3 grid cell.

So for thefirst andlast fewlatitude birs (88° to 909atitude), one hathe dual drawback

12



of (i) very smadl (areawise) L3 grid cells containingmall populations of relatively large in-
put L2 pixels that overlap spatially (due to vianwgle distortion) in a single orbital passd

(i) multiple orbital passes (up to 16 orgi@en day) that take measurements of the region,
which causes the3 Daily data to be more representative of a daily average thstea sin-

gle overpass snapshot.

One final property oE3 gridding users should be aware of is, in order to simplify the L3
operational production software, each L2 grid celfigcated or placed in the L3 grid cell
where its center latdelongitude falls within the L3 grid cell In cases where a larger
(view-angle distorted) L2 pixel actually cawe(or intersects) moredhonel® x 1°L3 grid
cell, (a situation that typically occurs at high L2 scan angles located over hagtudes),
the L2 pixel is still only assigned (placed) in the single L3 grid cell where the geolocated
center point of the L2 pixel is located. tAdugh this shortcoming is relatively minor in the
operational L3 software due to the relatively lar§e<1.° L3 grid size and the much smaller
L2 pixel size (Sor 10km at nadi view), when the code is us@dresearch modéo produce
products at higheresolution 0.1° x 0.1°for example), it can produce unwanted effects
where unnaturafigap® are introduced between adjaceri pixels, as illustrated in Figure
10.

Findly it should be noted that mosf these pixel count variation issues are mitigated in
the multiday (eightlay and monthly) products since the orbital gap positions shift faom d
to day,which allows data from subsequent days to fill in the previoussdggps. This will

tend to provide complete global coverage ovegértime periods (8ays or so).
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Figure10. A section of a Lloud top temperature image produced for L3 research purpode4 ‘ak
0.1° resolution clearly showing the pixel binning limitation in the operational L3 code for
grids finer than 1(the gridcurrently implemated in operations

2.1. Computation of geolocation in L2 atmosphere products

MODIS Atmosphere Level 2 (L2) HDF files always have geolocation arrays stored at ei-
ther 5km or 18km resolution. The Aerosol (04_L2) product containskf@Oresolution geo-
location and 14&km retrieval data All other Atmosphere products used as input ilBqWa-
ter Vapor (05_L2)Cloud (06_L2), Profiles (07_L2)¢ontain 5km resolution geolocation
and eitler I-km or 5km retrieval data.

Retrieval data fod0-km resolution L2 products like aerosolproperties argenerated
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from 10x 10 I-km L1B input pixels. The geolocation for these 2010km resolution prod-
ucts iscomputedby averaginghe geolocation for the fowentral(column, row) pairs: (5,5),

(5,6), (6,5), (6,6), as shown in Figur#.

[

Figurell. A depiction ofwhatl km pixels (orange) are used to computeki®resolution L2geoloca-
tion. Geolocation is computed from the 4 centr&ind grid boxes.

Retrieval data fob-km resolution L2 data productsis generated from 8 5 1-km L1B
input pixels. Retrieval data fdrkm resolution L2 data productsis computed at the native
1 kmL1B input pixel resolution. Fdr2 HDF files containindoth of these cases, theoie
cation isstored at &m resolution. The & 5km geolocation i€opiedfrom center(column,

row) pair: (3,3), as shown in Figur@.1

Figure 12 A depiction ofwhat1 km pixels(orange)are usedor 5-km resolution L2geolocation Geo-
location is copied from the center of thérh grid.
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Note that the 2 x 2-&m grid area(the outer boundary in Figur&jlmatches the 1Bm

grid area (the outer boundary in Figlry exactly.

2.1.1. Dropped pixels in Lproducts

One additional characteristic should be noted here. A MODIS scan is d365ikels
in width. For 5 and 10 km resolution L2 products, the last 4 pixels in each MODIS scan are
effectively dropped when performing retrievals (a-laench decision made ltlge L2 devel-
opment teams). For example, for 5 km cloud top property parameters, no retrieval is made
for the last 4 (hanging) pixels in each scan line. This also impacts the geolocation (latitude
and longitude) arrays where there is not geolocation ctedpar stored for the last 4 pixels.
To make this clearer, even though there are 13krh Dixels in a scanline, there are only
270 5km crossscangeolocation grid points and data retrievals #kn® L2 products (and
135 geolocation grid points and dagdrievals in 1&km L2 products). Therefore, in allén
and 16km L2 products (and L3 products derived from those L2 products), a very tiny
amount of potential data at the far edge of each MODIS swath is not used, however due to
the 1° x 1° averaging in3d, this is more of an issue inkBn and 16km L2 products than in

1°x1°L3.

2.2. Sampling

Sampling of L2 input data for computation of L3 statistecalways performed whenev-
er the inputL2 pixel resolution is at a differen(finer) resolution than the stored geolocation
within the L2 input product file.This occurs in all parameters noted by the red boxes in the
Table 1.

So for cases where L2 data are &ni resolution and geolocation is stored &nd, the
L3 software samips the 1km L2 data every'8column and every'8row. This ensures the
L2 data pixel matches exactly the stored geolocation. (Refer back to Figarel hote the
orangecolored 1 km pixel.) Note that starting in collection 5, this sampling convenis
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changed (see section 2.2.1 for details).

Table 1. L2 parameters that ammpactedby sampling (note that counts are approximated for nadir view
at the Equator).

Derived from Product L2 Data L2 . L2 Input Pixel Sampling (Maximum)

: . Geolocation o . Impact
Family Resolution ! per 1° L3 Grid Box (Equator)

Resolution

Qjmso' 10 km 10 km 121 out of 121 No
\é\éater Vapor 1km 5 km 484 out of 12,231 Yes
Cirrus Detection
06_CD 1km 5km 484 out of 12,231 Yes
Cloud Top Properties
06_CT 5km 5 km 484 out of 484 No
Cloud Optical
Properties 1 km 5 km 484 out of 12,321 Yes
06_0OD
g;mos"’here Profile 5 km 5 km 484 out of 484 No

There were three reasons why sampling d@sein the L3 production(i) it removed
the need to compute geolocation for all (inplHfm L2 pixels, greatly simplifyinghe L3
operational software, (ii) fewer L2 pixels needed to be read and operated on, rabacing
operationakun and CPWime, and (iii) it was found that sampling causes minimal impact of

computed statistics at tloperational L3 grid resolution of X 1°.

2.2.1. Sampling modification to avoid dead detectors

A software modification was introduced in Collection 5 (the latest MODIS Atmosphere
data vesion available as of calendar year 2008), which offset slightly the L2 data point sam-
pled. This patclonly impacts L3 data that are derived fraampledL2 data and includes
Water Vapor (05_L2), Cirrus Detection and Cloud Optical Property (06 _L2) paraniste
Table 1), all of which are computed and stored at 1 km resolution in the L2 files but are sam-
pled at 5 km resolution for computation of L3 gridded statistics.

In these cases, the geolocation matches then Jarea corresponding to the orange
squarein Figure B. This corresponds to thekin pixel located in column 3, row 3. How-

ever, the actual L2 data are sampled from the blue square (1 km pixel located in column 3,
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row 4). In other words, L2 data from MODIS detectors 4 and 9 are sampled (iobtbad
tectors 3 and 8) in the idktector set. This patch was necessary because in some critical
MODIS spectral bands on the Aqua platform, detectors 3 and 8 both died (that is, always
contained missing data); so a shift to adjacent detectors was nedesseyent many sub-

sampled products from being completely missing (fill values) in L3.

Frame #

Detector # Track & 12345 6748 910 1112 . . . 1354
! ! SCan
2 2
3 3
4 4
5 5
o [+
T T
& ]

9 o

10 10

_1 11

2 12
track

10 2030

Figure B. A shift in the L2fisampling pixeb for 5 km L2 input products was implemented to prevent
dead detectors from causing missing L3 data in Colle&i¢@rang = Collectiond sam-
pling & the center of the 5 x &¢lumn 3 row 3), Blue = @llection 5 Sampling atcblumn
3, row 9 slightly off center of the & 5 grid box. In other words, irCollection4, L2 pixels
from detectors 3 & 8 were sampled; iml@ction 5, L2 pixels fom detectors 4 & 9 were
sampled.

The choice of which altermnaipair of detectors to pick [(1 &6), (2 & 7), (4 &9), or (5 &
10)] was made&o both minimize errors in geolocation as well as inherent detector ettors.
turned out that detectors 4 and 9 had the dual benefi) bEingimmediately adjacent to the
geolocation pixel so only & km geolocation error was introduceahd (ii) both detectord

and 9were well behaved and had small residual errors when a@dpo averageskan
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over the entire 5 x 5 km aré@reopoulos 20056

Even though thehange in start detector (from the 3rd to the 4th) was prompted by the
failure of AQqua MODISdetectors 3 and 8 in band 6 (1.64 um), thange was extended to
Terra data as well after a study showed that Terra detector pairs 4 and 9 provided the most
represerdtive results over a 5 km grid ce®(eopoulos 2005 and it was thought that match-

ing the logic between Terra and Aqua versionghefL3 software was prudent.

3.0. Computation of L3 Daily Statistics

The quality ofa Level 2 product can b@) inheited from the L1B radiances, or)(ias-
sociated with the retrieval proces The pxel-based L1B validityflags comprising infor-
mation on dead and saturated detectors, calibration failure, etc., are examined by L2 algo-
rithms for determination of the radiometric status of each pixel. This information can pre-
vent further calculations frorbeing performediftt fival i d L1B i npout datao
met by the given algorithm. The granddeel (L1B) QA metadata providsummary infor-
mation for valid and saturated Earth view observations, and can be useful in screening a
granule of data.Details about MODIS L1B QA flags can be fouod the MCST web site
(www.mest.ssal.biz/L1B/L1B_do}s The structure and information content of MODIS At-
mospherd.2 runtime QA are dailed in the QA Plaravailable on the MODIS Atmosphere
web site (nodisatmos.gsfc.nasa.gov/reference_atbd)php

It should be noted thauntime QA flags are only found in Level 2 (L2) Atmosphere
products. Leel 3 (L3) Atmosphere products contain nmtime QA flags however L2

runtime QA flags are used L3 to compute (aggregate aQuh weight) statistics in L3.

3.1 Aggregation and QAweighting of statistics
All L3 products (Daily, EightDay, and Monthly) make use of Aggregation and QA
weighting capabilitis. Aggregation and QA weighting information is read in from and based
upon L2 (input) QA bit flag SDSs
It should also be noted that L3 statistcan be bih aggregated and QA weightedvir
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ever only a single aggregati@amd/or QA weightingcan be performed for any given output

L3 SDS (a limitation in the L3 operational software).

3.1.1. Aggregation of statistics based on physical properties

For some parameters, it is useful to aggregate results into L3 SDSs based on a physical
characteristic of the paraneetor of the sceneAggregation refers to the ability to separate
L2 input pixel information into various scientifically relevant categories such as liquid water
clouds only, ice clouds only, daytime only, nigime only, clear sky only, dusty scene only,
smoky scene only, etcThis aggregation utilizes LARuntime QAFlags that are designed
to convey information on retrieval processing path, input data source, scene characteristics,
and the estimated quality of the physical parameters retrieved. In addition, this broad group
of flags also includs Cloud Masklags (nitially derived at 1x 1 km resolution) that may be
recomputed at the spatial resolution of the L2 retrieval for the determination such scene char-
acteristics as cloudy/clear, land surface type, sunglint, day/night, and snoiwic8.these
statisticsare noted by a gtix to the SDS name (_Liquid,Dust etc). Additional detail and
documenttion arealways provided in the local attribufiong_namé attached to ez L3
SDS within the HDF file. Table 2 lists the various L2 products that have thisgaggre

information available for use in L3.

Table 2. L2 parameters that are aggregated in k8vel

i ; Al tion Used
Product Family Aggregation Property ggrega ';’” se
Aerosol
04_L2 Dust, Smoke, Sulfate Yes
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Water Vapor

05 L2 Clear, Cloudy Yes
Cirrus Detection n/a No
06_L2 (CD)

Cloud Top Properties .

06 L2 (CT) Day, Night Yes
Cloud Optical Liquid Water, Ice, Undetermined, Combined

Properties Phase Clouds Yes
06_L2 (OD) Single Layer (1L), Multi Layer (ML) Clouds

Atmosphere Profile

07 L2 n/a No

3.1.2 QAweighting of statistics based on confidence

QA weighting refers to the ability to weight more heavily what are expected to be more
reliable L2 input pixels in the computation of L3 sttiis. There are four levels @feliabil-
itydo or Aconf i de QA EafideneetFlags.y Thdsd feur levels are: No Confi-
dence or Fill QA = 0), Marginal ConfidenceQA = 1), Good ConfidenceQA = 2), or Very
Good Confidence (QA = 3)QA weightedstatistics always have the identifying striffgAo
somewhere in th&cientific Data Set (SDS) nanffor example:iQA_Meart). Additional
detail on the flags used to perform the QA weighting can be found in the local attributes that
begin with the stringiQA. 0

Only six of the derived L3 Daily statistics have the ability to be QA weighted: Mean,
StandardDeviation, LogMean, LogStandardDeviationamincertainty, and LogMeanUn-
certainty. A seventh related statistic, the Confidence Histogram, does not aidwedio
the statistics by confidence, but does compute (sum) the counts of the various confidence
categories so the relative populations of QA confidence categories can be analyzed.

QA Weighted Statistics are computed by weighting all L2 pixels by theic@¥idence

flag valuegiven in Table 3, using the equation below:

L3 QA Weight edow/Stwwati sti c H1)x
where,

L2 data value =l;,
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L2 QA value =w; (weight =0, 1, 2, 3)

Table 3. The weighting given in L3 QAveighted statistical computatiots various L2 QA Confidence
categories

L2 Confidence QA Value Weighting in L3 QA -Weighted Statistics

L2 pixels with QA =3 (very good

confidence) are givena 3x weighting

L2 pixels with QA =2 (good confidence) are given a 2x weighting

L2 pixels with QA =1 (marginal

confidence) are givena 1x weighting

L2 pixels with QA =0 (no confidence) are givena Ox weighting (i.e. ,t heydr e exc

So while @ nonHill QA = 0 pixels areincluded in regular statisticshey are screened
(removed) from QA weighted statistickor example: if a L3° grid cell had three L2 pixels
to average, and one L2 pixel had a QA Confidewalue of 3, one had a value of 1, and one
had a value of Othen L2 pixel with QA= 3 will have threeimes more weighting when
computing the L3 gridded mean than the ©A pixel, and the QA= 0 pixel would not be
used at all in the QA weighted mean (it would however still be used in the regular mean,
where no QA weights are applied)This technique allows for thereation of L3 (QA
weighted) statistics that can selectively exclodeconfidencéor experimental) L2asults.

Confidence Histograms are computed by totaling the pixel counts (notentlagsbe
subsampled, see Tablgifh each L31° grid cell of a L2parameter that fell in one of the four
confidence categories described above.

Finally note that for regular (non Qweighted) statistics, all L2 pixels are givegual
weightin the L3 statistical computation; and G20 (no confidence) nefill L2 input pixels

areincludedin the computation of statistics.

3.2 Types ofdaily statistics computed
A total of 14 different general types of statistics are computed in the gadduct.

These general statishl categories are Simple Statisti€3A-weighted StatisticsFraction
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Statistics,Log Statisics, Uncertairty Statistics,Regression Statiss¢ Pixel Counts Confi-
dence Histogram$arginal Histograns, andJoint Histograms
Statistics in the Daily fileare always based on the set of L2 input pixels read from the
four L2 input product files: Aerosol, Water Vapor, Cloud, and Atmospheric Profile.
Users should note that addition to regular simple statistick?2 QA Confidence flags
are also ignored in the L3 computation of pixel count, histogram, joint histogram, and regres-

sion statistics.

3.21. Simplestatistics
1 Mean. Statistics always have the Sciditt Data Set (SIS ) name_Meawf f i X

and are computed by taking an unweighted average of L2 [satsetimes sampled,
see Table lwithin agiven 1° L3 grid cell.

1 Standard Deviation. Statistics always have the Scientific Data Set (SDS) name
suffix A _Standard Deviatian and are computed by calculating an unweighted
standard deviation of all L2 pixe{sometimes sampled, see Tabjewithin a given
1° L3 grid cell.

1 Minimum . Statistics always have the Scientific Data Set (SDS) name suffix
A _Minimumo and are computed byinfling the minimum value of L2 pixels
(sometimes sampled, see Tabjevithin agiven 1° L3 grid cell.

1 Maximum. Statistics always have the Scientific Data Set (SDS) name suffix
A Maximund and are computed by finding the maximum value of L2 pixels

(sometimes sampled, see Tabjevithin a givenl® L3 grid cell

3.2.2. QA-weighted simple statistics
1 QA Mean. Level 2 Confidence QA Flags that indicate the quality of each L2 pixel
are used to weight th@ixels when computing the L3 mean (seection 3.1.Zor
details on QAweighting).

1 QA Standard Deviation. Level 2 Confidence QA Flags that indicate the quality of
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each L2 pixel are used to weight the pixels when computing the L3 standard deviation

(see &ction 3.12 for details on QAveighting).

3.2.3. Fraction statistics.These statistics are only used for computing cloud fraction
i Fraction. Estimates of cloud fraction based on L2 pixel data. Some fractions are
computed from QA Flags that describe the cloudiness of the scene and some directly

from the L2 Cloud Fraction SDS data.

3.2.4 Pixel count statistics These statistics are only compufied some parametersit is
similar to a histogram computation excémtinstead of multiple bins there is only a single
bin that covers the full range of abnHill L2 data thatreread in foreach L3 1 x 1° grid
cell.

1 Pixel Count The count of all notiill L2 pixel data that are read in andel to

compute statistics at L3.

3.2.5. Logarithm statistics These statistics are only computed cloud optical thickness
(tc) parameters.Because of the curvature of cloud reflectaasea function obptical thick-
ness, the mean optical thickness of an ensemble of pixels does not correspond to the mean
reflectance (or albedo) of those pixelBowever, the mean dbg(t ) approximates the radia-
tively-averaged optical thickness because reflectance plastadfunction ofog(tc) is linear
over awide range of optical thickness (excluding small and large valuEsat is, the mean
of log(tc) gives an optical thickres that approximately corresponds to the average reflec-
tance of the pixels that comprise the medihe accuracy of this approximation depends on
the nature of the optical thickngsobability density functionRDF). Studies on the validity
of this appraimate for MODIS scenes have been reported by Oreopoulos et al. (2807).
similar study on ice clouds by the same authors is ongoing

1 Log Mean. L2 cloud optical hicknessest¢) are converted to base 10 logBhusa

tc of 100 would be converted to a value of 2.0caf 10 would be converted to a
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value of 1.0, a@¢ or 1.0 would be corerted to a value of &g t; of 0.1 wauld be
converted to a value 6fL.0, and finally & of 0.01 waild be converted to a value of
12.0. So tre valid range of this statistic i12.0 to 20 (corresponding to dataalues
ranging from 0.01 to 100 Once the log vaks of the L2 input pixel data are
calculatedadaily mean value oéll the log values is computed.

Log Standard Deviation L2 cloud optical hicknessest¢) are converted to base
10 logs and a standard deviation value of all the L2 log values is computed.

QA Log Mean. L2 cloud optical hicknessest¢) are converted to base 10 logs and
a QA-weighted mean value of all the L2 leglues is computed (see Section 3 fbr
details on QAweighting).

QA Log Standard Deviation L2 cloud optical hicknessestg) are converted to
base 10 logs and a Q&eighted standard deviation value of all the L2 log values is

computed (see Section R1for details on QAveighting).
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3.2.6 Uncertaintystatistics These statistics are only reported for a few selected Cloud Op-
tical Property parameterd he uncertainty estimate accounts for three error soordggin-
strument calibration/modeling error, surface albedo, atmospheric corrections), and as such
should be considered an expected minimum uncertainty, i.e., the inclusion of additional (un-
correlated) error sources will increase the uncertainty. Daitgmiainty calculations assume
all pixel-level error sources are correlated within a grid btixshould be noted that Lan-
certainties are reported in percentage (valid range 0 to 20@P®&se are called relative un-
certainties. In L3uncertainties areeported as absolute uncertainties in the same units as the
parameter whose uncertainty is being measured. To convert these back into relative uncer-
tainties (%) one must divide the Licertainty by the L3nean value of the parameter in
guestion. The aoversion of relative to absolute uncertainties in the Daily (D3) file was done
to make the computation of the multiday (E3 and M3) uncertainties easier to add to the mul-
tiday production software.
1 Mean_ Uncertainty. An estimate of the absolute uncertairtgittis derived from L2
pixel-level relative uncertainties.
1 QA Mean Uncertainty. An estimate of the QAveighted absolute uncertainty that
is derived from L2 pixelevel relative uncertainties (see Section.3.fbr details on

QA-weighting).

3.2.7. Logarithm ofuncertaintystatistics. An estimate of the log uncertainty that is derived
from pixellevel uncetainties.
1 Log Mean Uncertainty. An estimate of the log uncertainty that is deriveaim
pixel-level uncertainties.
1 QA Log Mean Uncertainty. An estimate of the QAveighted log uncertainty that
is derived from pixelevel uncertainties (see Sectid1.2 for details on QA

weighting).
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3.2.8.

Histogram. A distribution of L2 pixels

1 Histogram. A histogram that contains pixel counts showing the distribution of non

3.2.9

fill L2 pixels that went into the computation of L3 statistics for each L3 grid cell.
Histogram bin boundaries are set by a local attribute attachibe fostogram SDS.

Note that these L2 count values are sampled totals for Water Vapor, Cirrus Detection,
and Cloud Optical Property paneters (See Tablg.1It should also be noted that the
lowest (2 histogram bin includes L2 data points that fallether the lowest €)

bin boundary or the™ bin boundary (exactly). All subsequent bins only contain
points that fall on the higher bin boundary. Any L2 data point that falls outside the

specified range dbin boundaries is not counted.

Histogram ofconfidence A distribution of L2 pixellevel retrieval confidence
Confidence Histogram A histogram that contains pixel counts showing the number
of Questionable (QA= 1), Good (QA= 2), Very Good (QA= 3), and Total LeveP

Input Pixels (# notiill L2 Pixels) that went into the computation of L3 statistics for
each L3 grid cell.Note that these values are sampled totals for Water Vapor, Cirrus

Detection, and Cloud Optical Property parameters (Sbke Ta.

3.2.10 Joint histogram.A distribution of L2 pixels comparing one parameter against anoth-

er.

1 Joint_Histogram. A 2-dimensional histogram that contains pixel counts showiiag t

distribution of norfill L2 pixels when comparing one parameter against another.
Joint Histogram bin boundas are set by a local attribute attached to the
Joint_Histogram SDS in questiomNote that theseixel countvalues are sampled
totals for Cloud Optical #perty parametersSee Table 1 It should be noted that
only a few Cloud parameters have Joint Histograms dedin The binning logic
convention is as followghe lowest (1) histogram bin (for both parametersgiudes
L2 data pixelghat fall on either the lowest{Lbin boundary or the"? bin boundary
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3.211.

other.

(exactly). All sulsequent bins only contain pixethat fall on the higheibin
boundary. Any L2 pixels that fabutside the specifiedin boundary range are not
counted. Pixeldor both parameters must be definedo(ill) and within the

specified range ofib boundaries for either pixéb be bined.

Joint regression.A regression fit of L2 pixels comparing one parameter against an-
Note that these are oelymputed for a few Aerosol parameters
Regression_Slope A computation of the regression slope that describes ther fihe
distribution of norfill L2 pixels when comparing one parameter againstiaer.
Regression_Intercept A computation of the regssion intercept that describes the
linear fit distribution of nonfill L2 pixels when comparingpne parameter against
another.

Regression R_squared A computation of the regressiofithat describes the liae

fit distribution of norfill L2 pixels when @mparing one pararner against another.
Regression_Mean Square Error. A computation of the regressionean squared
error MSE) that describes the liae fit distribution of nonfill L2 pixels when

comparing one parartex against another.

3.3 Specialhandling logic in daily statistics

fiSpecial handlinglogic was introduced into the production software to add functionali-

ty or to mitigate problems in one or more parameters.

3.3.1.

Partial retrieval fix for cloud optical thickness

A change in the L2 Cloud Optical Property retrieval algorithm allows for uncertain qual-

ity fipartial retrievalé in certain marginal retrievalonditions. In this case a Cloud Optical

Thickness retrieval is performed but no Cloud Effective Radius retrieval can be done. In this

case, the L2 Cloud Optical Property development team requested that these partial retrievals

be screened out from L3 sisdical computdons.
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All Cloud Optical Thickness statistics have a unique local attribute called
fiMasked_With_QA_Usefulness_Flagvhich can be set to eith@frued or AiFalse ANhen
this attribute is set to true, the L3 algorithm logic prevents paetiaéval data from infiltrat-
ing the CloudOptical Thickness statisticsThis logic is applied to all Cloud Op#act Thick-

ness statistics.

4.0. Computation of L3 Multiday (8 -Day & Monthly) Statistics
There are a number of general Mailtiday algorithm characteriscs:

a) Only the L3 Daily files are used as input(Greatly improves algorithm
efficiency.)

b) L3 Daily and Multiday HDF files use an identical grid, SDS dimensions, and
histogam bin definitions. (This is an algorithm requirement.)

c) There is nofivalid rang® check, onlyfFill Valuedo gr i d cell s are u
excluded.

d) One of tree weightng schemes are used to computaltMay statistics from

Daily statistics.

4.1 Computational weighting schemes formultiday statistics

The weighting technique used for each SDS is documented ir3tikde Specification
(File Spec), which can be found on thdODIS Atmoghere web site nfods-
atmos.gsfc.nasa.gov/MODO08 NBec.htm). This information is also attached to each SDS
within the HDF file by a local attributealledfiweightingd i and if this isnot set tofiNonep
there is an additional local attribute cal@eighted Parameter_Data_Sewhich specifies
which SDS in the Daily-3 (input) file is used to weight the daily grid cell statistics in the
computation of the multiay statistics.

The varios multiday weighting schemes used in L3 are:

a) Unweighted (a simple timeaveraged mean, meaningful for computing
temperature averages).
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b) Pixel-count weighted (a countaveraged mean, used to ensure computed means
match means computed from histograms)

c) Pixel-count weighted with pixelcount screen(special logic implemented for
Aerosotderived parameters to remove low confidence (low pixel count) daily
grids usually occurring at the poleward terminator of tb&ieval domain)

Table4 summarizes what multiday weighting scheme is used for each broad set (group-

ing) of L3 parameters.

Table 4. L3 Multiday weightingscheme used (generally) for categories of parameters

Product Family Multiday Weighting Scheme * Detall

Aerosol . . . .
Unweighted Each daily grid given the same weight

04 L2

Water Vapor Each daily grid weighted by the pixel

P Pixel Count Weighted

05 L2 count

Cirrus Detection ; _
Unweighted Each daily grid given the same weight

06_L2 (CD)

Cloud Top Properties ) ) o )
Unweighted Each daily grid given the same weight

06_L2 (CT)

Cloud Optical Properties Each daily grid weighted by the pixel

P P Pixel Count Weighted v 9 ) 9 y P

06_L2 (OD) count (categorical, by phase)

Atmosphere Profile Each daily grid weighted by the pixel
Pixel Count Weighted

07_L2 count

4.2. Types of multiday statistics computed

A total of 12different general types of statistics are computed in the multiday (Eight
Day or Monthly) produd. They are grouped into broad categoaesl always computed in
pre-determined sets.

Statistics in the Eight Day and Monthly files are always based on the set of L3 Daily

pixels read from the L3 Daily input product files that cover the time period being summa-
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rized (8 days or 1 month).

4.2.1. Simple statistics based on the daily mean

Mean_Mean and Std_Deviation_Mean statistics can either be unweighted or weighted
depending on a local attribute setting (set per instructions fro2tlaggorithm team) in the
HDF structure file. An unweighted statistic is computed by taking an average of all L3 daily
values for a gived® x 1°L3 grid cell for the time period in questiolVeighted statistics are
computed by using information storedn an SDS local attribute called
fWeighted Parameter_Data_Sdypically a Daily Pixel Count or Fraction SDS. To deter-
mine the technique used to weight the daily grids, refer to the local attieryhtingd
found in the file specification or a locédtrbute attabed to each SDS in the HDF file.

1 Mean Mean The Scientific Data Set (SDS) name sufiiXMean_Mean stands for
fMean oft he Daily Mean. o Thi s st a-illiDaily i ¢ i s
Means from the L3 Daily files within the (eighdy or monthly) time period being
summarized. The averaging computation uses the weighting scheme specified in the
| ocal attribute AWeighting. 0 -WeTlihg hst ecda,nd boer
APiIi xel _Wei @h{ &doed@is)d e n

1 Mean Std The ScientificData Set (SDS) name suffit Mean_Std stands for
fiStandard Deviation of the Daily MeardThis statistic is computed by reading all
the nonfill Daily Means from the L3 Daily files within the (eight day or monthly)
time period being summarized and then computing their standard deviation.

1 Mean Min. The Scientific Data Set (SDS) name suffixMean_Mird stands for
AiMinimum of the Daily Mean @ his statistic is computed by reading all the +fiin
Daily Means from the L3 Daily files within the (eight day or monthly) time period
being summarized and reporting the minimum valli&éere is neveany weighting
performed for this statistic.

1 Mean Max. The Scientific Data Set (SDS) name suffixMean_Max stands for
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fiMaximum of the Daily Mean @ his statistic is computed by reading all the fitin
Daily Means from the L3 Daily files within the (gt day or monthly) time period
being summarized and reporting the maximum value. There is never any weighting

performed for this statistic.

4.2.2. Simple statistics based on the daily standard deviation
1 Std_Deviation_Mean The Scientific Data Set (SDS) name suffix
fiStd_Deviation_Meamis a proxy forfiMean of the Daily Standard Deviatiordr his
statistic is computed by reading all the #inDaily Standard Deviations from h
L3 Daily files within the (eight day or monthly) time period being summarized, then
averaging the standard deviations using the same weiglas used for the

Mean_Mean.

4.2.3. QA-weighted statistics based on the daily mean

All Mean and Standard Deviation statistics computed can either be unweighted or
weighted depending on a local attribute setting in the HDF structure file. An unweighted sta-
tistic is computed by taking an averagfeall L3 daily values for a give® L3 grid cell for
the time period in question. A weighted statistic is computed by using a
fWeighted Parameter_Data_Sdypically a Pixel Count or Fraction SDS, to weight each of
the Daily grid cell values. To deteine the technique used to weight the daily grids, refer to
the local attributéiWeightingd found in the file specification or a local attribute attached to
each SDS in the HDF file.

1 QA Mean Mean The Scientific Data Set (SDS) name suffi A_Mean_Mean
stands forfiMean of the Daily QAweighted Mean 0OThis statistic is computed by
averaging all the naofill Daily QA -weighted Mean grid cells from the L3 Dalily files
within the (eight day or monthly) time period being summarized using the same
weighting uged for the Mean_Mean.

1 QA Mean_ Std The Scientific Data Set (SDS) name sufiQA_Mean_Std stands
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for AStandard Deviation of the Daily Q#eighted Mean @ his statistic is computed
by reading all the naofill Daily QA -weighted Means from the L3 Dailylds within
the (eight day or monthly) time period being summarized, then computing their
standard deviation.
1 OA Mean Min. The Scientific Data Set (SDS) name suffiQA_Mean Mird
stands fofiMinimum of the Daily QAweighted Mean 0 Thi scomptieglt i st i c
by reading all the nofill Daily QA -weighted Means from the L3 Daily files within
the (eight day or monthly) time period being summarized and reporting the minimum
value There is no additional weighting performed for this statistic.
1 QA Mean Max. The Scientific Data Set (SDS) name suffiQA Mean Max
stands foifiMaximum of the Daily QAweighted Mean 0 Thi scomputadt i st i c
by reading all the nafill Daily QA -weighted Means from the L3 Daily files within
the (eight day or monthly) time perid@ing summarized and reporting the maximum
value. There is no additional weighting performed for this statistic.
1 QA_Std Deviation_Mean The Scientific Data Set (SDS) name suffix
AQA_Std_Deviation_Meamis a proxy forfiMean of the Daily QAwveighted Standd
Deviation dhis statistic is computed by reading all the HfiirDaily QA -weighted
Standard Deviations from the L3 Daily files within the (eight day or monthly) time
period being summarized, then averaging the standard deviations using the same

weighting as used for the Mean_Mean.

4.24. Fraction statistics.These statistics are only used for computing cloud fraction
1 FMean. Mean of the Daily Cloud Fraction
9 FStd. Standard Deviation of the Daily Clodataction

4.2.5. Pixel countstatistics. These statistics are only computed for some parameters. It is
similar to a histogram computation excépatinstead of multiple bins there is only a single
bin thatcovers the full range of all neiill L2 data that are read in for each L3 1° x 1° grid
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cell.

1 Pixel Count. The count of all notiill L2 pixel data thatareread in and used to
compute statistics at L3. This is computed by simply summing the Daily RPoxgitC
SDS.

4.26 Logarithmstatistics. These stistics are only computed for cloud opticaickness
parameters. The mean statistic is typically weighted usingiRhes| Weighted scheme,
which weights each dg mean by a pixel count SDS (this allows the multiday means to
match those computed from histograms
1 Log Mean Mean. Mean of the Daily Log Mean.
Log Mean_ Std Standard [@viation of the Daily Log Mean.
Log Mean_ Min. Minimum of the Daily LogMean.
Log Mean Max. Maximum of the Daily LogVean.
Log Std Deviation Mean Mean of the Daily Log Standafeviation.
QA Log Mean Mean Meanof the Daily QA LogMean.
QA Log Mean_ Std Standard Devwtion of the Daily QA Log Mean.
QA Log Mean_Min. Minimum of the Daily QA LogMean.
QA Log Mean Max. Maximum of the Daily QA LogVean.

= =_ =4 A4 4 -4 A -5 -2

QA Log Std Deviation Mean Mean of the @ily QA Log Standard Deviation.

4.2.7. Uncertaintystatistics. Thesestatistics are only reported for a few selected Cloud Op-
tical Property parameterddonthly uncertainty calculations are derived from daily uncertain-
ties; calculations assume that individual daily uncertainties are uncorrelated with respect to

each other.The equation to compute multiday uncertainties is as follows.

Uncertainty:\/é w,zsf/\/a w 2)
where,
si = DailyUncertainties
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w; = DailyPixelCountWeights
It should be notedhat L2 wncertainties are reported in percentage (valid range O to
200%)1 these are callettlative uncertainties. In L3ngertainties are reported as absolute
uncertainties in the same units as the parameter whose uncertainty is being measured. To
cornvert these back into relative uncertast(%) one must divide the Licetainty by the
L3 mean value of the parameter in question. The conversion of relative to absolute uncer-
tainties in the Daily (D3) file was done to make the computation of thedayl(E3 and M3)
uncertainties easier to add to the multiday production software.
1 Mean_ Uncertainty. A multiday absolute uncertainty estimate derived from the daily
absolute uncertainty estimate.
1 QA Mean Uncertainty. A multiday QAweighted absoluteincertainty estimate

derived from the daily QAveighted absolute uncertainty estimate.

4.2.8. Logarithm of uncertaintgtatistics. An estimate of the log uncertainty that is derived
from pixellevel uncertainties
1 Log Mean Uncertainty. A multiday absolute log uncertainty estimate derived from
the daily absolute log uncertainty estimate.
1 QA Log Mean Uncertainty. A multiday QAweighted absolute log uncertainty

estimate derived from the daily @&eighted absolute log uncertainty estimate.

4.2.9. Histogram. A distribution of L2 pixels.

1 Histogram. A histogram that contains pixel counts showing the distribution of non
fill L2 Pixels that went into the computation of L3 statistics for each L3 grid cell. In
the eight day and monthly products, this is computed by simply summing the daily
counts in eaclnistogram bin. Histogram bin boundaries are set by a local attribute
attached to the histogram SDS. Note that these L2 count values are sampled totals for
Water Vapor, Cirrus Detection, and Cloud Opticedgerty parameters (See Table 1
It should alsdoe noted that the lowest{lhistogram bin includes L2 data points that
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fall on either the lowest ) bin boundary or the"? bin boundary (exactly). All
subsequent bins only contain points that fall on the higher bin boundary. Any L2 data

point thd falls outside the specified range of bin boundase®t counted.

4.210. Histogramof confidenceA distribution of L2pixel-level retrieval confience
1 Confidence Histogram A histogram that contains)@l counts showing the number
of Questionable (QA= 1), Good (QA= 2), Very Good (QA= 3), and Total LeveP
Input Pixels (# no#ill L2 Pixels) that went into the computation of L3 statistics for
each L3 grid cell.Note that these values are sampledisdiar Water Vapor, Cirrus
Detection, and Cloud Opticaléperty parameters (See Tabe In the eight day and

monthly products, this is computed by simply summing the daily counts in each bin.

4.2.11.Joint histogramA distributionof L2 pixels comparing one parameter against anoth-
er.

9 Joint_Histogram. A 2-dimensional histogram that contains pixel counts showing the
distribution of noHfill L2 Pixels comparing one parameter against another. It should
be noted that only a feWloud parameters have Joint Histograms defined. In the
eight day and monthlyrpducts, this is computed by simply summing the daily counts
in each joint histogram bin. Histogram bin boundaries are set by a local attribute
attached to the histogram SDS. Note that these L2 count values are sampled totals for
Cloud Optical Poperty @mrameters (See Tablg. 11t should also be noted that the
lowest (FY) histogram bin includes L2 data points that fall on either the low&yt (1
bin boundary or the™ bin boundary (exactly). All subsequent bins only contain
points that fall on the higer bin boundary. Any L2 data point that falls outside the

specified range of bin boundaries are not counted.

4.2.12.Joint regressionA regression fit of L2 pixels comparing one parameter against an-

other. Note tht these are only computed for a few Aerosol parameters
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1 Regression_Slope An unweighted mean of the Daily regression slope that describes
the linaarfit distribution of L2 pixels when comparir@ne parameter against another.

1 Regression_Intercept An unweighted mean of the Daily regression intercept that
describes the lirer fit distribution of nonfill L2 pixels when comparingone
parameter against another.

1 Regression R _squared An unweighted mean of the Daily regressioh that
describes the liree fit distribution of nonfill L2 pixels when comparing one
paraméer against another.

1 Regression _Mean Square Error An unweighted mean of the Daily regression
mean squared erroMSE) that describes the liae fit distribution of nonfill L2

pixels when omparing one pararter against another.

5.0. Reading and Unpacking HDF File Data

Hierarchical Data Format (HDF) is the standard data format for all NASA Earth Observ-
ing System (EOS) data productBiDF is a multiobject file famat developed by the HDF
Group at the National Center for Supercomputing Applications (NCSA) at the University of

lllinois (www.ncsa.uiuc.edu

The HDF Group developed HDF to assist userthe transfer and manipulation of sci-
entific data across diverse operating systems and computer platformsFasiragand C
calling interfaces and utilitiesHDF supports a variety of data typesDimensional scien-
tific data arrays, tables, text astations, several types of raster images and their associated
color palettes, and metadat@he HDF library contains interfaces for storing and retrieving
these data types in either cprassed or uncompressed formats.

For each data object in an HDF fijgedefined tags identify the type, anmb, and di-
mensions of the datand the file location of various object¥he selfdescribing capability
of HDF files helps users to fully understand thedlstructure and contents from the infor-

mation stored in the file itselfA program interprets and identifies tag types in an HDF file
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and processes the correspimigddata.

Because manfarth science data structures need to be geolodhted{DF Group de-
veloped the HDFEOS format with additional conventions and data types for HDF files.
HDF-EOS supports three geospatial data types: grid, point, and swath, providing uniform
access to diverse data types in a geospatial contedktMODIS Atmosphere Level HDF
files use the grid geospatial data type. The HEBS software library allows a user to query
or subsetf the cortents of a file by Brth coordinates and time if there is a spatial dimension
in the data Tools that process standard HDF files alssdreIDFEOS files; however, stand-
ard HDF library calls cannot access geolocation data, time data, and product metadata as eas-
ily as with HDFEOS lbrary calls.

Finally, i1to6és important to not &O0%4hwhich al |
is basen HDF4. This file format isot compatible with the newer HDF5 format; and there

are no plans to ever switch to HDF5 for MODIS data.

5.1 Descaling the SDS data

The local attributesiscale_factay and fiadd_offset attached to each and every SDS,
are used for the conversion of stofpdcked)SDS integer data to geophysical floatingrpo
numbers. The formula to sieale the data follows conventional HDF usage (see HDF&Jser

Guide)
Geophysical Float Value = deafactor * (Stored Integeradd_offset). (3

It is probably confusing to most users that the HDF convention calls the offset
fiadd_offseb even though & subtracted from the stored integer when unpacking the data. It
seems likely that this terminologyiginatedfrom the programmes, and not the end usisy
pergective, since to pack the ddlkee offset is adeld.

The units of the unpacked geophysifiahting point value are indicated by thenito
local attributethat isalso provided with each SDS.

The fivalid_range local attributeappliesto the packed data (before-dealing). The
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two valid range values given are the expected low and high values of valiil(npacked

data. Note thamo valid rangescreening on the inpwi2 dataor the outpulL3 datais per-

formed. The reason for this is sometimes absolute valid ranges are difficult to determine in
advance and the algorithm developers wanted to avoid the potential loss of good data. There-
fore users should not be surprised to find-fibrata points that fall outside the documented

valid range; however it should raise a flag for the user to make sure they are reading the data

correctly.

5.2. Definitions of local attributes
Attached to each Santific Data Set (SDS) within an HDF file are a number of local at-
tributes. These local attributes serve as a key to unpack the data, drive the logic in the L3

software, and finally provide domentation for end users.

5.21. Local attributes used irall L3 files. There is a set of local attributes that can be used
in all L3 files (Daily, EightDay, and Monthly) Note that not all of these are attached to eve-
ry SDS (only the local attributescessary are attached
1 long_name A character string description of the SDS.
1 units. Units of the unpacked data (if there are noufiiene®® i s speci fied) .
9 valid range. An array of wo numbers that describe the expected low and high
values (validrange) of the packed data (befampplying the scale and offset);
ignoring the Fill Value.
FillValue. The value of missingr fill data in the packed SDS
scale factor The scalingactor used to unpack thetdgsee Eq. (2)).

add offset The dfsetused to unpack the @a(see Eq. (3)

= =2 =4 =2

Statistic_Type A fixed string that pecifies the statistical group(This attribute
drives the logic in the operational production program
1 Quality Assurance Data Set This gecifies which L2 SDS to read to obtaihe
L2 QA. (InE3 and M3HDF files this is for documentation only.)
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QA Byte. Specifies which L2 SDS byte to read to obtain the L2 QA (in the E3 and
M3 files this is for documaation only).

QA Useful Flag Bit Specifies which L2 SDS bit to read to abt the L2 QA
Useful Flag bit (In E3 and M3HDF files this is for documentation only.)

QA Value Start Bit. Specifies which L2 SDS bit to begin reading to obtain the L2
QA Confidence Flag (In E3 and M3HDF files this is for documentation only.)

QA Value Num_Bits Specifies the number of L2 SDS bits to read tcaobthe L2
QA Confidence Flag (i3 and M3HDF files this is for documentation only.)
Aggregation_Data Set Specifies which L2 SDS to read to obtaihet L2
Aggregation information. ( the B and M3HDF files this is for documentation
only.)

Aggregation Byte  Specifies which L2 SDS byte to read to obtain the L2
Aggregation information (in the E3 and M3 files this is for doentation only).
Aggregation_Value Start Bit Specifies which L2SDS bit to begin reading to
obtain the L2 Aggregation information (In E3 and M3HDF files this is for
documentation only.)

Aggregation_Value Num_Bits Specifies the number of L2 SDS bits to read to
obtain the L2 Aggregation information (In E3 and M3HDF files this is for
documentation only.)

Aggregation_Valid Category Values Specifies all the Aggrgation values that are
valid (not fill). (In E3 and M3HDF files this is for documentation only.)
Aggregation_Category Values Specifies all the Aggrgaton values that are to be
used to aggregate the statistin E3 and M3HDF files this is for documentation
only.)

Level 2 Pixel Values Read AsA fixed string that tellshe operationgbroduction
program what the format is of the LiZpuut data (byteinteger, real).

Included Level 2 Nighttime Data A documentionstring telling the user if the
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Statistic contains any nightie data. (Set to True or False.)

1 Histogram_Bin_Boundaries An array of numbers describing the histogram bin
boundates of theprimary parameter.

9 Joint_Parameter Histogram_Bin_Boundaries An array of numbers describing
the histogram bin boundas of any secondary parameter.s€d for Joint Histgram

statistics.)

5.2.2. Local attributes used in the L@aily file only. There is a set of local attributes that
areused only in the L3 Daily file.

1 Derived From Level 2 Data SetL2 SDS read to obtain the input data.

1 Masked With QA Usefulness Flag Set tofiTrued or fiFalse oIf True, the QA
Usefulness Flag is used to screen input.dgfehis attribute is used to screen out
partial cloud optial property retrievals from L3).

1 Wave Band Usedto specifywhatband to read when a L2 input parameter has more
than 1solution (wave_band).

1 Joint_Parameter Wave Band Used to specify what band to read when a L2 input
parameter that is being used as a joint parameter in L3 has more than 1 solution

(wave_band).

5.23. Local attributes used in the L8ight day andmonthlyfile only. Therearea set of lo-
cal attributes that are used only in the L3 Eight Day and MonthlyTiteese are:
1 Derived From Level 3 Data SetDaily SDS read tmbtain the input data.
1 Weighting. Specifieswhatweighting scheme is used to average the Daily L3 pixels
(see Section 4.1).
1 Weighted Parameter Data Set Specifieswhat Daily SDS is used for weighting
the Daily L3 pixels. This local attribute is usepecified) only when Weighting =

fiTrue 0
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6.0. Using the MODIS-Atmosphere Web Site
A userfriendly webbased interfacen the MODISAtmosphere web sitean be used to
view primary statistics irall the MODIS-Atmosphere L3 data products. é¥s may select
any daily, 8day, or monthly HDF filegnd any group of paranees to view (see Figurid).
Once you select the product group, dat e, and

ages (see Figurebl

MODIS Atmosphere: Images: C005 Terra L3 Low-Resolution Monthly Global (MOD0O8_M3) Images

4|' & el |\ A = | 4+ | @ http:// modis-atmos.gsfc.nasa.gov/IMAGES /mod08m_menu_c5.html

[T] MODIS Atmosphere Earth Observatory H&R Block Climate Univ of Coloradov Experimentsv Satellitesy MODIS»
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Selection: July 2008
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=

Figure ¥. The webbased interfac¢hat allows viewing of primary statistical images in all L3 HDF
files. A usefrromd egncsdactidgrowpd the time peri ol

For Daily and Eight day products, images aaly be viewedn the native attude-
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longitude (rectangular) grid.For Monthly browse images both the native eearadle (at-

tudelongitude)grid, as well as an equalrea HammerAitoff) grid are available.

MODIS Atmosphere: Images: C0O05 Terra L3 Low-Resolution Monthly Global (MOD0S_M3) Images
] (&) (] (B (&) & [+

 http:/ /modis-atmos.gsfc.nasa.gov/ IMAGES/ mod08m_menu_c5.html
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Figure 5. The L3 browse images showing the Mean imageldfault. Other statistical images can be
viewed by using a mousaver function implemented on the statistic bars to the nfkach

image. The color bar is a discrete modified rainbow and the data scale has been pre
determined to maximize detail.

Usersshould be aware that the Hamnr#gtoff (equatlarea) version of the L3 browse

image is derived directly from the Latitudl®engitude (equahngle) image using a packaged
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Interactive Data Language (IDL) function. This function can cause some mild distmtion
occasionally even loss of data while converting from one map projection to anotieer
gions(especially higHatitudes) where there asparsedata (data gaps); so if one is perform-
ing any detailed quantitative analysis on SDSs that contain dasa the@pnative Latitude
Longitude version is the preferred choice for viewing (cf. Figée 1

A discretized modifiedainbow color bar is applied to each image and the data scale is
optimized to maximize image detail. Fill (missing) data are always ablisek. Multiple
statistics (SDSs) for a single parameter can be viewed by using-a built i roovuesred f unc -
tionality on the web page by rolling your mou
image (see Figureb).

Finally there is a myriadf@dditional information that can be gleaned from the
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Figure B. Identical Collection 004 data mapped on the native Latiiaglegitude grid (top) and re-
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mapped on the Hammeitoff grid bottom. Note the distortion in sparse data regions espe-
cially at high latitudes on the Hammer grid (e.g., the disappearance of the bad data scans
(purple streaks) in the southern Ocean); however in solid data regions (30°N to 30°S) the
Hammer remapping shows little distortion.
MODIS-Atmosphere web sitencluding a complete file specification, details on the format
and content, modification history, and known problems. Also available are programs and

tools that carbe uses to read and image L3 HBBSs.
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7.0. Interpretation of Data: Frequently Asked Questions
Since launch, MODIS data users have asked the L3 development team and associated
MODIS Atmosphere staff a number of questionkhis section summarizes the most com-

mon questios and their answers.

71. How do the cloud mask anhdaofpt ocAdfurggir oper ?i

ther, how do | recover the total number of pixels (the fracton denominator) used in the

computation of the L3 c¢cloud mask and L3 cloud
In order for users to understand the meaning of claadion in Collection §and latey

MODIS L3 products, an understanding of how cloud fraction is defined and computed in

each L3 cloud fraction parameter is needed. From the simplest perspective, cloud fraction at

L3 is the number of cloudy L2 pixelshét fit predetermined criteria, such as daytime only

or liquid water clouds only) divided by the total number of-fib.2 pixels within a 1° x 2

L3 grid box. The key detail i's how each par a

main of pixels $ used in the computation of the denominator.

There are two primary cloud fraction parameters in L3 MODIS Atmosphere files.

7.1.1. Cloud maslcloud fraction

The L3 cloud fraction that garners the most interest from MODIS data users is cloud
fraction derived directly from the 35_L2 Cloud Mask (note the 35_L2 Cloud Mask flags are
duplicated in the 06_L2 Cloud product). These L3 cloud mask cloud fraction SSthka
prefix

1 Cloud_Fraction

9 Cloud_Fraction_Day

1 Cloud_Fraction_Night

The first parameter listed above contains both day and night retrievals, the second pa-
rameter contains daytime only retrievals (solar zenith angle less than or equdl em83he
third parameter contains nighttime only retrievals.
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The L2 cloud mask cloud fraction, which L3 uses to compute statistics, is calculated in
the cloud top properties algorithm and stored in the 06_L2 HDF file. The L2 cloud mask

cloud fraction is derived in L2he L2 SDS names are identical to those shown above) by

reading the 1 T 1 km Cloud Mask ACloudiness P
Table 5).
Table 5. Two key L2 Cloud Mask Flags used to compute the L2 Cloud Mask Cloud Fraction.
L2 QA Flag Flag Value Meaning
Cloud Mask Status Flag 0 Undetermined
1 Determined
Cloud Mask Cloudiness Flag 0 Confident Cloudy (or Fill if Status Flag = 0)
1 Probably Cloudy
2 Probably Clear
3 Confident Clear

The Cloud Mask Cloudiness Flag can have the followeiggngs: O = confident cloudy,
1 = probably cloudy, 2 = probably clear, and 3 = confident clear. In the computation of the
L2 cloud mask cloud fraction, the first two flags are assigned 100% cloudy and the last two
flags 100% clear. Then in each 5 xr& k2 retrieval box, the average L2 cloudiness is com-
puted by computing the fraction of thekth pixels that are cloudy.

In the L3 Daily product, the cloud mask cloud fraction is computed by taking an un-

weighted average of these 5 x 5 km L2 cloud fractioressach 1° x 113 grid box.

7.1.2 Cloud optical properties cloud fraction

The second most utilized L3 cloud fraction is that derived from the Cloud Optical Prop-
erties retrieval. All optical property cloud fractions are computedldgtime scenes only
(solar zenith angle less than or equal to 81.3)/3Therefore when makingomparisons,
users want to compare with the Cloud Mask Cloud Fraction for Daytime only
(Cloud_Fraction_Day)Note that the Solar Zenith Angle domain is slightly more restrictive
in the Cloud Optical Property Cloud Fractions vs. the Cloud Mask Cloud Fréstitam zen-
ith angles less than or equal to®851 which means the domain of computed cloud fractions

extends slightly more poleward for the Cloud Mask Cloud Fractions.
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The L3 Cloud Optical Property related cloud fraction L3 SDSs have the prefix

1 Cloud Retrieval Fraction_Combined

1 Cloud_Retrieval Fraction_Liquid

1 Cloud_Retrieval Fraction_Ice

1 Cloud_Retrieval Fraction_Undetermined
Thefirst parameter represents the cloud fraction for all cloud phases; the second, liquid water
clouds only; the third, icelouds only; and the forth, undetermined cloud phase clouds only.

Unlike the cloud mask cloud fraction (detailed in section 7.1.1.), which is initially com-
puted in L2, the optical property cloud fraction is not available in L2. The optical property
cloudfraction is computed in L3 using the Primary Cloud Retrieval Phase Flag and the Pri-
mary Cloud Retrieval Outcome Flag (both a part of the Quality Assurance_1km SDS in
06_L2 product files) for a sampled set of L2 grid points (ev&rgo%, every 8 column(see
Section 2.2)). See Table 6.

Every sampled L2 grid point that has a Primary Cloud Retrieval Outcome Flag = 1 (Re-
trieval Successful) and a Primary Cloud Retrieval Phase Flag of 2 (Liquid Water Cloud), 3
(Ice Cloud), or 4 (Undetermined Phase Cloud)taken as 100% cloudy for the cloud phase

category in question.

Table 6. Two key L2 QA Flags used to compute the Cloud Optical Properties Cloud Fraction.

L2 QA Flag Flag Value Meaning
Primary Cloud Retrieval Phase
Flag 1 Not Processed (Typically C lear)
2 Liquid Water Cloud
3 Ice Cloud
4 Undetermined Phase Cloud
Primary Cloud Retrieval 0 Retrieval Not Attempted or Unsuccessful
Qutcome Flag 1 Retrieval Successful

There was a major change in how the Cloud Optical Property L3 Cloud Fraction were
computed between Collection 5/51 and Collection 6.
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In Collection 5/51, if any of these aforementioned L2 grid points have a Primary Cloud
Retrieval Outcome Flag = 0 (Retrieval Not Attempted or Unsuccessful) then they were
thrown out of the computatiocompletely (even if the Cloud Retrieval Phase Flag was set to
a valid phase). This logic was implemented because the L2 Cloud Optical Properties retriev-
al algorithm sets the Phase Flag before successful completion of the retrieval. In the unsuc-
cessful ase, the retrieval algorithm might have become unsure of the cloud phase, or even if
the scene actually contains a cloud. Therefore it was decided to use the Retrieval Outcome
Flag as a screen when calculating the L3 cloud fraction.

In Collection 6, itwas decided to include failed retrievals in the counts used in the de-
nominator of the L3 cloud fraction computation. This will effectively reduce the computed
L3 cloud fractions when comparing C5/51 results with C6 results. So users should be aware
of this change between collections.

Finally, sampled L2 grid points that have a Primary Cloud Retrieval Phase Flag of 1
(Not Processed) are counted as 100% clear. These retrievals will always have a Retrieval
Outcome Flag of 0 (Unsuccessful).

The optical poperty cloud fractions are then computed from the following equations:

Cloud FractionLiquid = SCRW!/ Total
Cloud Fractionlce = SCRI/ Total
Cloud Fractiondndetermined= SCRU/ Total
Cloud FractionCombined= (SCRW+SCRI+SCRY/ Total
where

SCRW= Number ofSuccessfuand UnsuccessfuLiquid Water Cloud Retrievals

SCRI = Number ofSuccessfubnd Unsuccessfulce Cloud Retrievals

SCRU = Number ofSuccessfund Unsuccessfulndetermined Phase Cloud Retriev-
als

Total = Number of Clear +Successfuland UnsuccessfulCloudy Retrievals for all
Phases
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So in summary, in Collection 5/51, the Cloud Optical Properties Cloud Fraction used on-
ly clear pixels and successfully retrieved pixels in the computation of the denoniirmtor
in Collection 6, the Clad Optical Properties Cloud Fraction used clear pixels, successfully
retrieved pixelsand unsuccessfully retrieved pixelsin the computation of the denomina-
tor, which effectively causes a slight reduction in the computed cloud fractions between
C5/51 andC6.

Finally, in order to provide a clean (easy) way for L3 data users to keep track of the total
number of pixels in these various key categories (successful & phase, unsuccessful & phase,
cloud mask clear sky, and clear sky restdraiew histograms weradded to the L3 HDF
product in Collection 6.

These four new Histograms are called:
1 COP_Phase_Cloudydimension = 3)

o Counts in 3 categories are stored: Liquid Water, Ice, Undetermined Phase

o Both Retrieval Success and Failure pixels are included

o ClearSky Restoral (CSR) Flag = 0, which
1 COP_Phase_Partly Cloudydimension = 3)

o Counts in 3 categories are stored: Liquid Water, Ice, Undetermined Phase

0 Both Retrieval Success and Failure pixels are included

0 Cloud SkyRestorgdl CSR) Fl ag = 1 or 3, which mean

1 COP_Phase_CloudMaskClealdimension = 1)
o Countsin 1 category are stored: Cloud Mask Clear
o Clear Sky Restoral (CSR) Flag = 0, whi
was already set to clear o)
1 COP_Phase_RstoredToClear(dimension = 1)
o Countsin 1 category are stored: Cloud Optical Properties said restore to clear,
even though Cloud Mask said cloudy
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o Cloud Sky Restor al (CSR) Flag = 2, whic
These four histograms provide a simpley@ar users to determine the counts of pixels in

these 8 categories without having to post process L3 data.

7.13. Postprocessing L3 data to retrieve the fraction denominator

Users can post process L3 fraction data in order to retrieve the fraction denominator by
dividing the #fAPixel _Countodo SDS by the AFractd.i
post process is shown below Figure 17 It should be noted thahe can only recover a
value for £ x 1° L3 grid cells where the fraction was GT 0 (since you cannot divide by 0 and
getareal numbef) whi ch i s why there are dark gray fdhol

the areas where a division by 0 wasakeplace were hardwired ta 0

Cloud_FRetrieval_Fraction_Combined_Pixel_Counts Denominator 01 &pr2005
a - —— IzSDU.DDD

375.000
250.000

125.000

- _
ID 00000
M ODI5 AUz MY DOS_D3.A2005091.006.2014303191207 hadf %

Figure 17 A postprocessed derivation of the denominator used to compute the Cloud Retrieval Frac-
tion. This is showing the total pixel counts used in the computation of the fraction. The
missing data gaps (shown in graypshareas where the Cloud Fraction was 0, so no denom-
i nator could be Abacked outodo of the computation.

Now by using the four new COP_Phase histograms described in the previous section, one
can now easily compute the denominator used in the Cloud Optigpérty Cloud Fraction

by simply summing up all 8 categories in the new histograms. An exampleisof th
computation is showm Figure 18
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Figure 18 In Collection 6, users no longer need to try to post process (or back out) the total pixel counts
usedin the determination of the Cloud Optical Properties Cloud Fraction (as shown in the
previous Figure 17). Users can now simply sum
result of this sum is shown in Figure 18. This no longer has the issue of m@singptints
where the Fraction was computed as 0.

It is possible to approximate this computation by doing this same exercise with the Solar
Zenith Angle SDS. By dividing the Pixel_Count SDS by the Fraction, one computes the
image showrin Figure B. This ends up matching the sum of the COP_Phase histograms
shown in the previous image (within a small round off error increniemt)th the only
difference being the Solar Zenith computed denominator extends to regions where the Solar
Zenith Angle wasless than or equal to 85 degrees, while the sum of the COP_Phase
histogram image shown previously is only defined within the Cloud Optical Properties
domain of Solar Zenith Angle less than or equal to 81.373 degrees. So these te® imag

differ only near e poles.
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Figure 19 In C5/51 and earlier collections, users could approximate the total pixels used in the Fraction
computation by looking at the SDS Solar_Zenith_Pixel_Counts. However this SDS extends
further poleward than the Daytime domain useddtoud Optical Property Cloud Fractions,
so there are problems in making eiloeone comparisons as you move towards the poles.

As a final note, the Cloud Optical Properties Cloud Fraction
(Cloud_Retrieval_Fraction_Combined), which is computed for ia&@ytscenes onlycan
show some marked divergence from the Cloud Mask Cloud Fraction for Daytime
(Cloud_Fraction_Day), even though the Cloud Optical Properties algorithm is based on

(starts with) results from the Cloud Mask. This casden on examinatioof Figure 20
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Figure 20 A comparison of a Daily Cloud Mask Cloud Fraction for daytime (top) and Optical Proper-
ties Cloud Fraction for clouds of all phases (also computed for daytime only) (bottom). It is
normal to find the optical property clodthctions smaller than the cloud mask cloud frac-
tion, since failed optical property retrieval s
rithm in the optical properties code might set some cloudy cloud mask pixels back to clear.

One should rememberdhthe L3 Cloud Optical Property Cloud Fraction is computed
from sampledL.2 cloudiness at-&m resolution in the 1° x°1L.3 grid box; while the Cloud
Mask Cloud Fraction is computed in the 1°*<LB grid box fromaveragecloud fractions in
the 5 x 5 km region (not sampled at L3). Although it is not believed this sampling vs. aver-
aging difference has a serious impact on the final results, users should be aware that the two
cloud fractions are computed differently.

The prmary benefits to the cloud optical properties cloud fraction is it allows an analy-

sis of the cloud fractions separated by cloud phase (liquid water clouds vs. ice clouds). The
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primary benefits to the c¢cloud macsvewddudud fr ac
mask results; and has cloud fraction results at night.
As tothe question ofvhich of these two cloud fraction SDSs more accurately represents
ireal worl do 20howsda plobal RGB, contposie(tuned to show clouds and
aerosol asvhite) for the same time period as the twoud fraction images in Figure 20
Al t hough there are | arge areas of Dbroken cl ou

age at this scale, which cloud fraction did a better job.

Figure 21 RGB truecolor composite global image for 23 June 2008 (daytime only). Clouds and aero-
sol appear white.

To further this investigation, consider the region of the Arabian Sea to the west of India
and to the southsaof Oman and Yemen in Figure,20here the Cloud Maskloud Frac-
tion shows over 90% cloudy and the Cloud Optical Properties Cloud Fraction shows less than
25% cloudy. Which is closer to the truth?

Figure 22 shows a zoom of this region for all three previous images mapped on a lati-
tudelongitude grid to mimize mapping distortion. The L1B image in Fig@2shows a
distinct signature of blowing dust and sand from the African continent towards and over In-
dia. Added to this set of images is an Aerosol Optical Depth over ocean image that confirms
high concemnations of blowing dust over portions of the Arabian Sea (dark red color). It

seems clear that for this case and this region, the Cloud Mask interpreted the blowing dust
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and sand over the Arabian Sea as cloud, whereas the Cloud Optical Propertiesraigasith

able to correctly reduce the measured cloudiness ogaegfion.

T BT S N - ' T gt s 8

Cloud Mask Cloud_Optical Properties Aerosol Effective Optical
Cloud Fraction Daytime Combined Phase Cloud Fraction Depth over Ocean

Figure22. Top Image: RGB trueolor composite regional image for 23 June 2008 (daytime only) over
the Arabian Sea west of India. Clouds and aerosol appear white. Second Row Image Left:
Cloud Mask Cloud Fraction. Center: Cloud Optical Properties Cloud Fraction. Right: Aero-
sol Optical Dept over Ocean.

This sameeffectc an be seen over the Atlantic Ocean
where more blowing dust (sand) was interpreted by the Cloud Mask as cltardoéek to
Figure 20).

However, it should be noted that there are other areasevthe Cloud Mask cloud frac-
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tion will do a better job than the Cloud Optical Properties cloud fraction, namely regions

where there are large quantities of broken (scattered) cloudiness, especially found over

ocean. This is priemdamnirlay 0dwaeé gtoo i @ himcli mart hek

ties code, which restores pixels identified as cloud by cloud mask to clear if they touch an-
ot her pixel that was i1identified as clear.
was implemented becaudieese cloud edge pixels are not retrieved (for all cloud optical

property parameters) with enough accuracy, in general, to warrant their inclusion. In this
case, the Cloud Optical Properties cloud fraction will show numbers that are most likely too

low when compared to the Cloud Mask cloud fraction.

7.2.Whatdot he O6undeterminedd and O6combinedd cl
The undetermined cloud phase means the cloud optical propetieval algorithm
could not make a determination of the cloud phase (liquid water or ice). This may have been
caused by viewing anomalies in the retrieval (sunglint), contamination of the scene by aero-
sol, or a multilayer cloud with mixed phases (e.thin cirrus overlying liquid water clouds).
For these undetermined retrievals the liquid water libraries are used in the cloud optical prop-
erties retrievals, but the retrievals are considered to be of lower confidence (and quality) than
those that arelaced in one of the other primary phase categories.
The combined phase is simply a combination of all cloud phase categories: liquid water,

ice, and undetermined.

7.3. What is the minimum illumination requirement for a MODIS retrieval?

SomeMODIS parameters produce results for both daytime and nighttime retrievals; so
for those there is no minimum illumination requirement.

Other MODIS parameters arelgmetrieved fori Da y t i mecen€sn [Thiscsecond
category includes Aerosol, Water Vapor, and Cloud Optical Properties. Cloud Top Proper-
ties retrieves data for both Day and Night, and separates these retrievals into Day and Night
categories.
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The Aercsol algorithm (which produces Aerosol and Water Vapor parametecglires
thesolar zenith angleobel ess t han 72A. So itds -onlyee- most r e
trieved MODIS parameters.

The Cloud Optical Properties algorithm (Cloud Effectivedidg, Cloud Optical
Thickness, etc) also only produces results (retrieves) for Daytime scenes only, and further
only where the Solar Zenith Angle is less than or equal to 81.373°.
The Cloud Top Properties algorithm (Cloud Top Pressure, Cloud Top Temperat
et c) retrieves for both Day and Night scenes
the Solar Zenith Angle is less than or equal to 85°. Outside of that window, data is tagged as

ANight o.

7.4. What is the best way tadisplay (marginal) histogram data?

Most parameters in the L3 product files have marginal (1D) histogram data. (For a list of
parameters with marginal histogram data, see Appendix B. For a summary of the histogram
boundaries for all parameters for Collection 005 and/or Collection 006, gEmdéig D.)

Marginal hstogram data artypically displayed using a series of rectangular bars whose
two dimensions represent (i) the bin size and (ii) the histogram value. The histogram value
plotted can either be pure counts or a normalized probathditgity function (PDF).

Figure23 shows a marginal histogram oduntsfor liquid water cloud effective particle
radius pixels over ocean only for June 2005 as observed by the Aqua MODIS instrument.
The bin boundaries are on theaxis and the height adach bar represents the total L2 pixel
counts (sampled) in each bin. The visual discontinuity in counts (vertical bar heights) in Fig-
ure 22, starting at the bin boundary of 20 um, is due to the change of bin widihg fgom
1 pum to 2 pum bins).
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June 2005 Aqua Global Ocean
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Figure 23 Marginal Histogram of L2 Pixel Counts (sampled) for Liquid Water Cloud Effective Radius
during June 2005 (daytime only) for Global Ocean data from Aqua/MODIS

Also it should be noted that he first two bins32nd 34) contain zero counts due to a
Collection 005 change in the L2 cloud optical properties cadallowing any effective ra-
di i O 4 Om to be computed or stmaneforcloud | n Col |
effective radius in L3 will be adjusted to start at 4.0 um instead of 2.0 um.

Users should keep in mind that one can pl ot
the L3 HDF file) in each bin; or normalize the data by taking into adcine bin sizes and
pl ot Anor mali zed probabilityo in each bin.
formed as follows:

Normalized Probability £bin_counts) / (bin_width total _counts) 4)
Figure24 shows the same marginal histogram excepitgdoas a normalized probability

density function (PDF). In this plot the double wide bins are taken into account, so the
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heights of the vertical bars starting at 20 um are half as high as those inZgure

June 2005 Aqua Global Ocean
O ——T—T T T T T T T T T T T T T T T T T 1 T

0.06 — — —

0.04— —

Probability Density Function

|
000 345 6 7 8 9 1011 1213 141516 17181920 22 24 26 28 30

Cloud Effective Radius (pum) - Liquid Water Clouds

Figure24. Marginal Histogram of Normalizk Probability Density Function (PDF) (sampled) for Lig-
uid Water Cloud Effective Radius during June 2005 (daytime only) for Global Ocean data
from Aqua/MODIS

For anormalized onalimensonal histogram plot,fione calculates thésize of bin) x
(PDF valueo f bin) t hen an Acalcuaton i actuatlyhbeingrper<c t an gl €
formed. When one sms all the rectangle areas, one ends up with the area (or integral) under
the 6curvedé of 1.0 or 100 %.

For exampe, the peak PDF histogram bin valsigown in Figure23is 0.076. (This oc-
curs in the tenth bin, which correspondsto 11 ure®@ 12 Om. ) Thi s means th
total area othe entie plot fell in this bin This can also be intpreted ashe probability of
any one pixel falling irthis peak histogram bin is 7.6%f one performs thigalculation for

every bin (rectang)e and sums thenone ends up with 1.0 or 100%.
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7.5. What is the best way tadisplay joint histogram data?

Common ways to display Joint Histogram data(g§r&D lego plots(ii) smoothed con-

tour plots, and (iii) colocoded histogram bin plots.

Lego plots (Figure25) are easily made in many graphics packages (such as Interactive

Data Languagel DL ) ; however i1tbés often difficult to

block, and some (or most) viewing orientations may cause some blocks to be hidden by larg-

er blocks in front of them.

1.0%19°
8.0%19°
£.0%19°

iy

z.o"o'

%

Figure25. A June 2005 MYDO08_M3 Counts Joint Histogram of cloud optical thicknessi§y vs.
cloud effective radius faxi s) for |l iquid water <clouds
postprocessing to limit the data to oceanly L3 grid cells that range from 48°to 45°S.
The top bin of cloud optical thickness from 50 to 100 was chopped off. The height of each
Lego bar represents the number of counts in each bin. It is often difficult to impossible to
orient lego plots to make all bins visible.

di spl ay

Smoothed contawplots (Figure B) are useful as they allow quick visual interpretation of

data (without an intimate knowledge of the color bar scale) and therefore lend themselves
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well to timeseries animations, where the time to view each joint histogram movie frame is

short. However smoothing options can be hard to fine tune and the result is always a plot

that shows a distorted (smoothed) view of the actual data.

Cloud Optical Thickness - Liquid Water Clouds

Figure 26

5 June 2005 Aqua Ocean Counts (45°N-45°S) MYD08_M3.A2005152.005.2007 1 18171857 hdf
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A June 2005 MYDO08_M3 Counts Joint Histogram of cloud optical thicknessi§y vs.

cloud efectiveradius @ xi s) for | iquid water <c¢clouds displ ay:¢
with postprocessing to limit the data to oceanly L3 grid cells that range from 45°N to

45°S. The top bin of cloud optical thickness from 50 to 100 was chopped ldf.contour

colors represent the number of counts in each bin (low is grey, high is red). Contour plots

show a distorted (smoothed) view of the data stored in the joint histogram.

The third option, colecoded histogram bin plots (Figuré)2work the besin most cases

and have few drawbacks; however some graphics packages cannot produce these plots with-

out expert knowledge of the language and some user programming. The pros of this final

method are there is no distortion (smoothing) of data in tiigphane (as is the case with

smoothed contour plots) and all cells (bins) can be viewed without any visual obstruction (as
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is the case with lego plots). Figures, 26, and Z show identical MODIS L3 joint histo-

gram counts data plotted using these three described techniques.

5 June 2005 Aqua Ocean Counts (45°N-45°S)

40

30 0.86

o
wu
~
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20 0.29

0.00

Cloud Optical Thickness - Liquid Vater Clouds

NONAOQQ

6 8 10 12.5 15 17.5 20
Cloud Effective Radius (pm) - Liquid Water Clouds

25 30

Figure . A June 2005 MYDO08_M3 Counts Joint Histogram of cloud optical thicknessi§y vs.
cloud effective radius ¢axis) for liquid water cloudsdipl ayed as a ficol ored hi s
pl ot 0 wiodessingotwlimit the data to oceanly L3 grid cells that range from 45°N
to 45°S. The top bin of cloud optical thickness from 50 to 100 was chopped off. The bin
colors represent the number of ctaiim each bin (low is grey, high is red).

For opti mal di spl ay, itds best to have the
the exact histogram bin boundaries on both axes, so that the bin boundaries and sizes are
clear to the viewer. These biooundaries can be obtained from local attributes attached to
each Joint Histogram SDS or from the CDL file specification available on the MODIS At-

mosphere web siter(odisatmos.gsfc.nasa.ghv Theyare alsoprovided in Appendix Gor

convenience.
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Since all L3 joint histograms are stored as 4D arrays (Lat, Lon, ParameterlBin, Parame-
ter2Bin), MODIS data users can read (and view) a unique joint histogram for every L3 1° x
1° grid cell. This allows users to dgperform postprocessing to narrow the application of
the joint histogram, which is then optimized to show specific scientific results.

Users can apply a latitude/longitude screen to the 1° x 1° gridded histograms so a newly
computed (summed) joint hagiram applies to a specified range of latitudes and longitudes
only.

Users can also apply land only or ocean only masks when summing individual 1° x 1°
gridded histograms so the newly summed joint histogram applies teftdyndr ocearonly
regions. (Na¢ that a land/ocean mask for L3 data can be obtained from the MODIS

Atmosphere web siter(odisatmos.gsfc.nasa.gov/MODO8 M3/grids.hyml

Users might also sometimes find it advantageoutelete (remove) the highest bin along
one or both data axes (which typically have a large data range and few counts) in order to
show more detail in other more scientifically relevant bins.
Another item to keep i n minavthe data@amstorelan pl o
in the L3 HDF file) in each bin; or sometimes it is more useful to normalize the data by tak-
ing into account the bin sizes and then pl ot

malized probability calculation is performed afidws:

Normalized Probability = (bin_box_counts) / (bin_box_area * total_count$})
Converting the counts to normalized probabilities removes the visual hesitieat oc-
cur when comparing bins of different sizesamj histogram plots. Figure Zhows how the
data in Figure @ change when going from raw counts to normalized probability, where an
adjustment i s made for the bin sizes. | t s ¢
oneds perspective of the results.
Finally, some ask, what doehProbability Density Function (PDF) numbers computed

for each histogram bin in Figur28 actually (physically) represent™ a normalized one
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dimensonal histogram plot means tlegea under the curve equals one; then a normalized
joint histogram PDF plameans the volume under the surface equals(dhe. surface being
defined as axis heights or PDF values in each bilfi.pne calculates the (area of bin) x
(height of bin) or, alternatively (area of bin)x (PDF value of bin)
then afivolume of the block calculation is actually being performewhen one sums all the
block volumes, one ends up with the volume under tifase; which for the normalized

JPDF surface is 1.0 or 100%.
June 2005 Aqua Ocean Counts (45°N-45°S)
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Figure 8. A June 2005 MYDO08_ M3 Normalized Probability Density FunctBiDF) Joint Histogram
of Cloud Optical Thickness {gxis) vs. Cloud Effective Radius-gxis) for Liquid Water
Clouds displayed as a fic o-rocessimh toHimitstieadagata m bi n pl o
Oceanronly L3 grid cells that range from 45N to 45%he top bin of Cloud Optical Thick-
ness from 50 to 100 was removed. The bin colors represent the PDF in each bin (low proba-
bility is grey, high probability is red).

For example, the peak PDF histogram bin value shown ur&ig is 0.005. If you take
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this number and multiply by the area of the bin 22.0 = 5.0), one gets bin (block) vol-
ume of 0.025This means that 2.5% of the total volume under the surface of the entire plot
fell in this bin (block). This can also be interpreted thg probability of any one pixel fall-
ing in this peak jot histogram bin box is 2.5%f one performs this calculation for every
bin (block), and sums therape ends up with 1.0 or 100%.

It should be noted that for theint histogram in Figure7, thetop bin (50 < Optical
Thickness O 10 0 jn ordeats show(allowd dre visudetail in the remaining
bins. h order to get theroper summed value of 1.0 (2&) one would need to include this

deleted bin in the calculation.

7.6. How should thevarious multilayer cloud fractions be interpreted?
There arem number of mul tilayer <c¢loud fractions
Phase Flagodo to cfracigmut e various c¢cloud

The Cloud_Fraction_1L (phase) parameter is computed the same way as the

Cloud_Fraction_(phase) parameter, outlined in
Cl oud Retrieval Mul tilayer Cloud & Wierase FI ag
the flag is set to Asingle |l ayer <c¢loud. o Thi

single layer clouds only.

The Cloud_Fraction_ML_(phase) parameter is computed the same way, except that it
uses the APrimary Clodd &REthrisev &Il adylot iwhay er t
Amul ayer c¢cloud. 0o This gives the-laydrdouwds fract.
only.

Both of the cloud fraction parameters outlined above are true cloud fractions whose com-
putation includes cleeasky pixel couns in the denominator. FiguB$ (top) shows a sample
Cloud Fraction image for singlayer liquid water clouds, and Figu&9 (bottom)shows a
sample Cloud Fraction image for mulliyer liquid water clouds. It is typical for the muilti

layer liquid water cloud fraction to be less than the sirgieer liquid water cloud fraction.
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When these two fractions are added, it will equal the Cloud_Fraction_Liquid SDS, which
depicts the liquid water cloud fraction for all layer clouds.

Finallythereae a set of <c¢l oud Afr askypixeloosdsint hat do
the denominator; that is they are not standard cloud fractions but instead are cloud ratios.
SDSs that have the prefix @ ML -ldyeredaaudsit@n_( phase
layer clouds for various cloud phases. In other words, it shows the percentage of clouds that
were detected as mulayer for varous cloud phases (cf. Figugd).

Cloud _ Fractlon 1L qumd 23Jun2008
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¥ '0.750000
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Figure30. A comparison of a singlayer liquid water cloud fraction witlmulti-layer liquid water
cloud fraction.

Users should be aware that there are SDS name length limits; sometimes an SDS name
might not be descriptive enough to determine its content. If at any time MODIS data users
need more clarity on what any SDS actpabntains, additional documentation as well as

computational details can often be obtained f
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each SDS. These attributes can also be read from the online version of the file specijfications
available from the MODIS-Atmosphere web site (hodis

atmos.gsfc.nasa.gov/MOD08 M3/spec c5.html

7.7. Is there a minimum L2 pixel count requirement to compute L3 statiscs?

Within the L3 Daily product file, for any given 1° x 1° grid cell, only a single L2-non
fill pixel is needed to create L3 daily statistics. This tends to cause an artificial spatial expan-
sion ofsparsel2 data when going to L3. For example, a sizable region might have only a

few scattered L2 retrievals, but L3 might show solid coverage of 1° x 1° statistics.

ML_Fraction_Licuid 23Jun2003
— p— VIR s g 1.00000

0.00000

MODISTerra MODO0S_D3.42008175.005.2008176230441 hdf  none

Figure31. A depiction of the ratio of multilayer liquid water clouds to &uid water clouds. In other
words, what fraction of liquid water clouds were detected as ayki.

MODIS L3 data users have a relatively easy way to monitor the number of L2 pixels
that went into L3 statistics for each 1° x 1° grid cell. Pixel calatd are stored within the
L3 Daily product file in "editnmeenrs itome off Pitxhee
dence_ _Hi stogramd SDS.
Likewise for the L3 Multiday product files, for any given 1° x 1° grid cell, only anon
fill daily grid cell for a singleday is needed to create L3 multiday statistics.
The only exception to this multiday statistic computation rule is in L3 products derived
from L2 Aerosol parameters. The Aerosol group requested a special weighting scheme for

L3 Multiday products, where aady grid cell must have a pixel count of at least 6 to be in-
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cluded in the multiday statistic computation (See Table 4 in Section 4.2.) This was done be-
cause the Aerosol group felt that low pixel count daily grid cells were not very reliable and
should bethrown out. This screening procedure also helped to reduce the number of low
confidence multiday statistic grid cells near the poleward boundary (terminator) of their re-

trieval algorithm.

7.8. Are statistics within a L3 Daily file a single orbit snapshotor a multiple orbit aver-
age?

Two EOS satellites, Terra and Aqua, both carrying the MOS§HB8sor, are irsun
syndironous orbits.The Terra overpagsneis around 1030 local solar time at the equator
its descending (daytime) modeda@230 local solar time iits ascendingnighttime) mode.
The Aqua overpass time is around 1330 local solar aintiee equaton ascendingdaytime)
mode and 0130 locabkar time in descendin@ighttime)mode.

L3 SDSs within either a Terra or Aqua Dalily file anade up olL2 datathat are col-
lected for daytime only, nighttime only, or combined daytime and nighttime sc@mdgL3
Daily SDSs that are based on L2 datdlected for daytime only or nighttime only scenes,
have the chance (depending on global location) to be pinned down to an approximate local
solar time. MODIS L3 SDSs that are based on L2 data collected for combined daytime and
nighttime scenes are, forast regions of the globe, a mixture of at least two MODIS over-
passes approximately 12 hours apart.

To determine if a L3 SDS contains daytime data only, nighttime data only, or combined

dayti me and ni ghtti me dat a, one nuel-e d s t o
ed_ Nighttime_Data. o | f this attribute is set
(SDS) . I f this attribute is set to ATrue, 0o t

string A_Night o0 appears sonmseevhietr@s ia nihgh tStDiS
parameter. It should be noted that this last nighttmg case is of low incidence, only oc-

curring in a few cloud top property derived parameters (see Table 7).
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Table 7. Availability of daytime only, nighttime only, or combineldytime and nighttime parameters in

L3 organized by the fAderived fromo
Daytime Only SDSs? Combined Day & Night SDSs? Nighttime Only SDSs?
Derived from Product
CAYTIME DAYTIME

Aerosol
04 L2 Yes No No
Water Vapor .
05 L2 Yes Yes No
Cirrus Detection
0612 (CD) Yes No No
Cloud Top Properties
06 L2 CT) Yes Yes Yes
Cloud Optical Prop.
06 L2 (OD) Yes No No
Atmosphere Profile
07 L2 No Yes No

* All Combined Day & Night Water Vapor (05_L2) SDSs ampied from Atmosphere Profile (0Z2)

Due to overlapping orbits toward the polesly the daytime only or nighttime only Dai-

product

group.

ly SDSs from approximately 23°N to 23°S can be pinned down to an approximate local solar

time (since they are made up of observations from a single MODIS overpass Baolg).

ward of 23°, L3 Daily data become an average of several overlapping orbits approximately

100 minutes apart (see Fig\8®.
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Predicted Terra/MODIS Orbital Tracks 20Jun2008

BYOCH=08171 8743 De2008372

s : /A 55 | S 028
TERRA PREODICTED SSES JUNE_20,2008 ¢ DAY 2008172 )| (BLL. RIMES IN UTC)

Figure 32 A polar view of pedicted Terra MODS orbit tracks for June 20, 2008. The overlapping pat-
tern of orbits in theolar region is clear.

Figure33 shows the predicted Terra orbit tracks and a Terra L3 image of input (L2) pix-
el counts for a daytime only parameter for June 20, 2008. The Terra orbit track image shows
both the descending (day) node (white lines thatesfogpm the upper right to lower left por-
tion of the global image) and the ascending (night) node (white lines that slope from the low-
er right to upper left). The pixel count image shows the typical pattern of single orbit sam-
pling between about 23°S an8°A. Note that the black color in the pixel count image in
Figure 28 shows regions of O pixel counts (orbital gap regions be&yg®oximately23°N

and 2335, and polar darkness south of approxima@hs for this date).
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Predicted Terra/MODIS Orbital Tracks 20Jun2008

ATED:

TERRA PREDICTED PASSES

20Jun2008
»240.000
;:N;\_&

180.000

0.00000
MODIS Terra MOD0D3_D3.42008172.005.2008173213044 hdf  none

Figure33. Predicted Terra MOL3B orbit tracks (top) and a typical pattern of input pixel counts for a
daytime only parameter (bottom) for June 20, 2008. The marked increase in pixel counts
towards the pole is due to overlapping orbits causing the L3 data to become a multiple orbit
avelage, over midatitudes the pattern of pixel counts is typical for a single orbit snapshot
that can be assigned a single (approximate) local solar time.

So in summary, to pin down a L3 Daily SDS to an approximate local solar time, it must
be (i) either datyme only or nighttime only and (ii) constrained to L3 grid cells betwagen
proximately23°N and 23°S latitude. Only in both these situations does any Daily SDS con-

tain data from a single MODIS overpass, whose approximate local solar time is given above.
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7.9. Can you explain why there are Cloud Fractions from Cloud Mask stored in Level
and Level3, while the other Cloud Top Property Parameters stored in Leve? and
Level-3 within those same grid cells are all Fill (Missing)?

Cloud Top Pr opezareyetri®&vBdSre5x5 kincellsL o eadh grid cell is
made up of 25 1x1 km views. The value computed in the 5x5 is the average for the25 1x1 k
regions within the 5x5. If you dump out the 06_L2 SDS Cloud_Fraction_Day, you will see the
full range of possible cloud fraction numbers
make up the 5x5) 0f0%, 4%, 8%, 1294,6%, 20%, 24%, ..., 92%, 98%0%. However only
when the Cloud_Fraction is 16% or higher in a given 5x5 km L2 CTP grid cell (that is, at least 4
cloudy 1x1km pixels in the 5x5km (25 pixel) CTP retrieval grid), will there be a Cloud Top
Property cloud retrieval performed. So if yima the L2 SDS Cloud_Fraction_Day values of
0%, 4%, 8%, or 12%, in a particular 5x5 km L2 grid cell, you will find the L2 SDS
Cloud_Top_Temperature_Day, Cloud Top_Pressure_Day, etc, with a FILL VALUE (
9999).So it is possible to have in Le2gl 2) a via (non-zero) Cloud_Fraction_Day (4%, 8%,
12%) and a FILL-9999) Cloud_Top_Pressure_Day, Cloud _Top_Temperature_Day, etc in the
same 5x5 km grid cell. This can cause in L2{€3), in some cases, for some 1x1 degree grid
cells, the L3 SDS Cloud_FraatiDay (for example) having ndlh(valid) 1x1 degree grid val-
ues, while the other related Cloud Top Proper

being set to Fill (Missing).

7.10. Why are there fewer Joint Histograms in the multiday LeveB products (08_E3
and 08_M3) than in the daily Level product (08_D3)?

In the latest Collection 6 PGE version (delivered in October 2014), there were 88 Joint
Histograms in the D3 file. A number of these were not propagated to the E3/M3 files due to a
2.0 GB file size limitation in HDF4. The primary reason why the Jointdtesins take up more
room in the multiday files is due to the larger counts involved, the multiday Histograms and

Joint Histograms had to be stored as Long (4 byte) integers to ensure there would be no integer
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overflow (and value wrapping) while the daité¢yrams and Joint Histograms could be safely
stored as Short (2 byte) integers. This doubling of the Histogram sizes pushed the total file size
upwards to where a number of Joint Histograms had to be deleted when going from daily (D3)
to eight day / mortly (E3/ M3).
So the upshot is, a total of 27 Joint Histograimas are in the Daily L3 (08_D3) were
not passetb the Multiday L3 (08_E 3 and 083) due to 2 GB uncompressed HDF file size
limit in HDF4. Ther e ar eOmdalPmpetyfCOP) al er SDSe:c
Fractions and 4 marginal Histograms related to COP Phase Counts (Cloudy, Partly Cloudy, and
Clear pixel counts) that are only in the D3 and not propagated to E3/M3 due to it not being

necessary to have thossistics in the multidafiles.

7.11. Why do the Cloud Top Property Daytime parameters extend slightly further
poleward than the Cloud Optical Property Daytime parameters?

The difference in the poleward extent of these two groups of parameters can be
tracked to their differeing e f i ni t i on of fADayti meo (where COP
define fA_Dayo0pFaorranitoeurds )Opti cal Properties, CC
for clouds are made, is arccos (.15) = 81.373%b.Cloud Optical Properties retrieves when
Solar Zeni th .@ometimes this isSiplified iB dodumentation as SZA <
81.4°)

For Cloud Top Properties, CTP ainddhey t i me 0,
append "_Day" to their paramet¢rsSDS"' s ) i n L 2So Cloud Top Préperti2s 8 5. 0 A ..
calls things " _Day" in L2 when Solar Zenith A

(Note: If you dump out the Solar_Zenith_Day SDS in L2, which is using the CTP
definition of "daytime", you will see packed short integealues of 8500, but never 8501)

The upshot: i€OP is 3.6269° more restrictive in the Solar Zenith Angle for
retrievals than the "_Day" CTP retrievalgln other wordsCTP extends a bit further into

the low sun angle (twilight) regions than COP: 81.3A&185.0°
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7.12. Can you eQlqud Gptical Properey paraenetersifd® C L 0
Collection 6? How many Hstograms and Joint Histograms are defined for Cloud
Optical Properties?
There are a number of new PCL (Partly Cloudy) Cloud Optical Propargmeters
in C6, in both the 06_L2 and L3 files. They always havestieg i _PCLO i n t he SDS
name. These are slightly less reliable than the regular cloudy retrievals, therefore they were
separatd into a stanéh | 0 n e sdEtiatuSess could decide either to mix them in with the
regular retievals or leave them out.

Listed below are some SDS counts for various Cloud Optical Property parameters
1. COP Joint (2D) Histogram Count = 44 Joint Histograms

2. COP Marginal (1D) Hstogram Count = 44 Marginal Histograms

7.13. How do the Cloud Phase Infrared statistics differ from the Cloud Fraction (from

Cloud Mask) statistics? Can they be compared directly?

The Level 2 Cloud_Fraction SDS will have values of 0%, 4%, 8%anti2%,
16% stored (as well as all exments of 4% from 16% to 100%jowevever the
L2 Cloud_Phase_Infrared SDS will have a value of "Clear" (0) stoeed if t
Fraction is less than 16%othis should make the Fractions from
Cloud_Phase_Infrar€drhich can b postprocessed from the L3 Histograms)
slightly SMALLER than the fraans from Cloud_Fraction (stored inL3 as a
Fraction SDS)

75



What follows is a bit of atitional background information which highlights
additional differences between these two 12efamid downstream Leag|
dderived fr)ome parameters

The 06 _L2 SDSis called "Cloud _Phase_Infrarealid is stored at a 5km
resolution It is calculated infte same main program as the Cloud Top Property
S D Shetss a separate process and is in a separate set of subrdkneseans
the input radiances (brightness temperataresinean values over a 5x5 just as in
the CTP process.

The phase is determined from 813 um (band 29band 31) diffeences
via a threshold table (in other words, a somesihmgle algorithrp Since that
algorithm use$8 x 5 km mean valuesf BTs fa the algorithm, only a single result
per 5x5 km grid cell is computed.

It should be noted thahe Xkm phase algorithm is venyffdirent and is
more complicatedSo the ikm Cloud Fractiorresults will not necessarily "look
right" whencompared to the-&m Cloud Phase Infaradhlues.

For Cloud Phase Infraredhet thregphaseadesignationgdliquid water, ice,
and undeterminedre conputed for an entire 5x5, so "undetermined phase
determined from a particular range of-8 bum BT found in the threshold
table.

Users should note that in Collection
as an aundeterminedaeae phase (along with
phases for the Cloud Phase Infrared results.

In Collection 6 the "mixed" designation has been eligihahd now there
are only 3 phase resuits Cloud Phase Infrarediquid wate, ice, and
undetermined phas&his change was implemented bedhese wa too much
uncertainty and that it was too difficult tdistinguish mixed phase from ice or
water.
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Sointhe L2 Cloud_Phase_|Infrared SDS, the only valid phase values are O
(clear), 1 (liquid water), 2 (ice), and 6 (undetermined phase). There will not be any
stored values of 3, 4, or 5inthe L2 Cloud_Phase_InfraredI8QS the value
of 3represeane d & mi xedeae phase).

The IR phase algorithm uses the same criterion for clear vs. cloud as does
the CTP- cloudy if 4 out of 25 are claly according to the cloud mask. Also the
Cloud Phase Infraretbesstart with the same assumption that to be cloumy, t
Cloud Mask must say Cadént Cloudy or Probably Cloudgoth CTP and IR
phase require 16% cloudy to report a @ldudy)result. In the case of the IR

phase, the value reported for "clear" is O.

7.14. Why are some Histogramand Joint Histograms only available in the Daily (D3)

product; and not the Eight Day (E3) and/or Monthly (M3) product?

Up through Collection §so far) the LeveB HDF proudcts (D3, E3, and
M3) are built using HDF4& and in HDF4 there is a 2GB (uncompressHllr
file size limitation.

Due to the nature of thactuahumbers (countstoredn the histograms,
in the L3 Daily (08 _D3) product the counts (numbers) are small enough to be
stored as short (2 byte) integers. However in the Eight Day and Monthly HDF
product 08 E3and08 M3),t was necessary to store t
(4 byte) integsrThis contributes to the E3 and M3 HDF files being quite a bit
larger (and close to that 2GB file size limitation) than the D3 HDF products.
Because of this fact, amber ofHistogramand oi nt Hi st ogram SDSeé
only appear in the D3 HDF file and could not be propagateddaribltiday (E 3

and M3) products due to a maximum file size limitation.
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If users want to study mulitday statistics udmaggée Daikpnly Histograms
andJoint Histograms, users will need to build their own multiday joint histograms
usi ng t he Da iDoyo ttisDdb eiaply aum the aafy bigtograms
(making sure to avoid (or account for) the Fill Valt@390)).

TheDaily-only Histogramandl oi nt Hi st ogram SDSés in
in the table shown in Appedix A. The key to finding these allyHistogram
and Joint Histogram SbDeeisn itsheb yt alboloek ignrgi
of the standard dai-2e .
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8.0. High Level Changes between C5 and :Q@&formation and
Imagery

The newest Collech 6 (C6) MODIS data began b released in 2012 (for
some Levél products)however othekevel?2 producs were not released until
early 2014. Collection 6 (C6) Le8€L3) MODIS data was not released until Fall
of 2014.

Offered elow is a high level summary of some of the important changes be-
tween C5 and C6, which users should be aware of.

The primary @erarching change between C5 and C6, which impacts at least

parts of the global data every L®arameter, ithe adefinition of dayechange.

This information was first presented

ed here to emphasize its ion@ance.

8.0.1 Definition of Day change between Collection 5/51 &ollection 6

In Collection 051 and earlier, the Daily L3 product contained statistics com-
puted from a set of L2 MODIS granules (HDF files) that spann2éihaur
(00:00:00 to 23:59:59 UTC) interval. In the case where a L2 parameter is only
computed during the daytime, then only daytime files are read to compute the L3
statistics.

In Collection 006 and later, Daily L3 product contained statistics with
dwe&ked time stamas(as much as 3 hours before the start of or 3 hours after the
end of a GMT day)lhis was done so that data gaps andata overlapear the
atiboveda yee (going fromaemtgatedlay i nto t he

So in Collection 5/51 datdhere were often data gaps (data holes) or data
overlap (data observed nearly 24 hours apart being mixed together) near the Inter-
national Date Line.

Howeverwith this update implemented Collection 6 data, one will rarely
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see data gaps near the Inteonal Date Line or data observed nearly 24 hours
apart being mixed together. This provides a cleaner and clearer day to day bound-
ary in the stored HDF Daily datd.should be noted that this issue in the Daily L3

(D3) has less and less impact as you ralmger time scales, so this issue was
less important in the E3 and M3 data.

The EightDay L3 product is computed from 8 consecutive Daily L3 product
files. The start date for thed@y interval is always reset to Januagt the be-
ginning of each calendar year, however the {day &terval in each year is al-
lowed to span over the first few days of January. For example, the lagayeight
interval for 2005 runs from 12/27/05 to 1/3/06, while the first ety interval
for 2006 runs from 1/1/06 to 1/8/06. Users should note these days of overlap
when evaluating a set atl@y product files that span several years.

The Monthly L3 product is computed from the complete set of dalily files that
span a particular month. Theaee never any days of overlap (like that whieh e
Ists in the eightay product at the start of new year).

The use of the hardwired-Bdur (00:00:00 to 23:59:59) UTC time stamp in-
terval to determine a adata dalgseamein Col
problems. First there was an every other day repeating pattern seen in the L3 Dai-
ly (08 _D3) data/images. This pattern st
where there appeared to be missing granules or sometimes a missing orbit near the
Intemati onal Date Line. Then on the sub:
where the amissinge granules from the g
ules from the new dayeffectively combining data observed nearly 24 hours apart
to be averaged togetheThis can be seen in Figure 1 below. Figure 2 shows the
same two days of data, except using Collection 6 data, which had the new C6
aDefinition of Aakefiegtizely epatim (etminaimgpthei pels
lem.
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then orbital overlap problem. This pattern repeats every 2adays was

Figure 8.1.Two consecutive gs of Collection 51 MODIS data showing the orbital gap,
caused by using a fixed 0&0@ 0 0
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Figure 8.2. The same two consecutive days of data showguneFl except this time
depicting Collection 6 (C6) MODIS data, showing the data gap and overlap
problem (that was found in C5/C51 and earlier Collections) repaired by the new
C6 abDefinition of Daye update.

8.1. Solarand Sensor Zenith and Azimuth Angles

Users of Collection 6 (C6) LeaBtlata should note there was a change in the do-

mai n of the Solar and Sensor, Zenith

In Collection 5, if ay part of a L2 granule was sunlit, then that entire granule was
used to build these Angle SDSes. Thi
below the horizon and caused the domain of valid fn@sing) data to extend
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more poleward than it shouldhve.

In Collection 6, a change was made to use the Cloud Top Properties definition of
dAdayti meae (Sol @r the miotmMpuAregltehes e8Angl e

A comparison between C5 and C6 of the L3 SDS Solar_Zenith_Mean is shown

below.

fs@&?d:ﬁeu iation \
Solar_Zenith_Mean 21Dec2005 Pixel Counts |
120 [ e

roll mouse over statistic bars
pt
~ 90

AL -

30

Lo

MODIS/Aqua  MYD08_D3.A2005355.051.2009051.2009046160939.hdf Degrees

Solar_Zenith_Mean 21Dec2005
120

Eso a—
RRRRR R RR S -

30

Lo

MODIS/Aqua MYD08 D3.A2005355.006.2014262121341 hdf Degrees

Figure 8 A comparison of the SDS Solar_Zenith_Mean from Collection 5 (top image)
Collection 6 (bottom image). The new Collection 6 image uses the Cloud Top Properties
defintion of daytime (SZA < 8p which provides more useful data, especially when comparing
to Cloud Top or Cloud Optical Property parameters.
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8.2. Aercsol High Level Changes

C6 Aerosol Data Users need to be aware there were considerable changes
made in the naming of Aerosol parameters in C6. A detailed Adeosad
parameter mapping table ps¥ing the changes between Collection 5 and
Collection 6 is given in Appendix D at the end of this Guide. In addition to
parameters that were renaréedso provided is a list of C5 Aerosol parameters

that were dropped in C6.

8.21. Aerosol Optical DepthLand and Ocean
The changes between C5 and C6 Aerosol Optical Depth Land and Ocean are
more subtle, however there is a skgtiensiorof the domain of data in C6 ¢s

there is slightly less missing data.

Aerosol_Optical_Depth_Land_Ocean_Mean 21Dec2005
0.80

1 0.60

0.40

MODIS/Aqua  MYDO08_D3.A2005355.051.2009051.2009046160939. hdf none
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Aerosol_Optical_Depth_Land_Ocean_Mean 21Dec2005
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L —
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l rol mouse over statistic bars
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MODIS/Aqua MYD08_D3.A2005355.006.2014262121341 hdf none

Figure 8 Aersol Optical Depth Land and Ocea@5 data (top) v<C6 data (bottom).
Changebetween the old and new Collectaome more subtle , but there is less missing data in
C6--and for most regionsiere was a slight reduction in the computed value.

8.22. Aerasol Optical Depth Land (only)

The changes between C5 and C6 Aerosol Optical Dapthare minor, values

are similar but more domain (less missing) with C6

Standard_Deviation
Aerosol_Optical Depth_Land_Mean (0.47 microns) 21Dec2005
0.80

l 0.60

0.40

MODIS/Aqua  MYDO08_D3.A2005355.051.2009051.2009046160939.hdf none
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Aerosol_Optical Depth_Land_Mean (0.47 microns) 21Dec2005
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Figure & AeosolOptical Depth Land comparison between C5 and C6. Changes are subtle.

8.2.3. Aerosol Optical Depth Ocean (only)

The changes between C5 and C6 Aerosol Optical Depth Land and Ocean are

subtle, values are similar Iheere ismore domair(more coverage)ith C6.

Aerosol_Optical Depth_Average_Ocean_Mean  (0.47 microns) 21Dec2005

MODIS/Aqua  MYDO08_D3.A2005355.051.2009051.2009046160939.hdf none

Hean

Standard_Deviation
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MODIS/Aqua
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21Dec2005
0.80

0.40

‘Standar‘d’_]i)ev iation

Figure 8 AeosolOptical Depth Average Ocean comparison between C5 and C6.
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8.24. Deep Blue Aerosol Optical Depth Land (only)

The changes between C5 and C6 are again, morm edtha slight drop in

values.

ean |
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Figure 87 Deep BluAensolOptical Depth Land comparison between C5 and C6.



8.25. Combined Dark Target + Deep Blue Aerosol Optical Depth

One of the majorimprovemet s f or C6 Aa@mbise@eherosd
Optical DepthSDS.InC6t here is aaCombinede
Aerosol Optical Depth (AODgt 0.550 microns
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Figure 88 AeosolOptical Depth images for C6. The component parts shown in the first 3

i mages above,;

and

t he

new acCombineda SDS
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8.3 Water Vapor NIR (Clear Sky Land and Sunglint Ocean)

There wastlle change in Water Vapomdrinfared (NIR), however the

Definition of Day change is noticeable around the International Date Line.

\Mean
|Standard_Deviation

Water_Vapor_Near_Infrared_Clear_Mean 21Dec2005

7.50 ol mouse over statistic bars
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Mean
jétandar@,ﬁeuiatiun ]
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Figure 8 Water VapdlIR comparison between C5 and C6 highlighting the Definition of
Day improvement in C6.
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8.4 Cloud Top Temperature Day
One of the more interesting changes in C6 wagating of some of the Cloud

Top Property Parameters into aNear Nad
Senor Zenit@BoAnglks rou®hbly the adinner h
the scan angles jmroves the certainty and reduces errors in the algorithm provid-

ing better estimates of the various Cloud Top Property parameters computed.
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Standard_Deviation

Cloud_Top_Temperature_Nadir_Day_Mean 21Dec2005
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Figure 810 Cloud Top Temperature Degmparison between C5 (top image) C6 (middle
image). The value§ CTT had a substantial decrease in some regiontoeaps higher
latitudes). The bottom image in the figure shows the Near (&t < 32 degreesjbset,
which provides for more accurate estimates (less error).

93



One of the important questions tavestigate idid using a near nadir subset to create daily (D3)
images, make a different in the monthly (M3) images. To answer that question, see the Figure
below
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Figure 811 Monthly Images of Cloud Top Temperature Day: Full Scan (top imagégavs
Nadir (bottom image). The Near Nadir subset produced more variation (higher highs and
lower lows) and more detail in general, the full scan image looked more smoothed /averaged.

8.5 New Surface Type Parameters
There are new surface type parameters in C6. These parameters are computed in
the successful retrieval space for the Cloud Top Properties Algorithm. Some

samplenew Surface Ty D S e shovan bedow
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Figure 812 A samplingf new Surface Type Parameters available in C6. Surface types are
calculated only in 5x5 km retrieval areas that were cloudy and successful.
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8.6 Cloud Optical Thickness (Regular Cloudy Retrieval vs. Partly Cloudy

Retrieval)

Another new addition in C6 was a new separate SDS for Partly Cloudy (PCL)
retrievals. Thesee w P CL r et r areegenerblly of lawedquaBtyD(\Bith s

higher uncertainty) than regular fully cloudy retrievals.
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Figure 813 Top image is the old C5 retrieval of Liquid Water Cloud Optical Thickness, middle
image is the new C6 retr@wf the same LWCloud Optical Thickness; bottom image is the
new C6 Partly Cloudy (PCL) retireval. The values of Tau are generally lower than the regular
fully cloudy retrieval, and the uncertainties are higher.
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