MODIS Collection 6.1 (C61) Sea Ice
Product User Guide

The C61 MOD29 product is identical in format to the C6 product. This (C61) reprocessing does
not contain any change to the science algorithm used to make this product. Any improvement or
change in the C61 product compared to the product from the prior major collection reprocessing
(C6) is from changes and enhancements to the calibration approach used in generation of the Terra
and Aqua MODIS L1B products and changes to the polarization correction used in this collection
reprocessing. For further details on C61 calibration changes and other changes user is encouraged to
refer to the Collection 6.1 specific changes that have been summarized here:
https://landweb.modaps.eosdis.nasa.gov/QA_WWW/forPage/MODIS_C61_Land_Proposed_C

hanges.pdf
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Overview

The MODIS seaice extentand ice surface temperature (IST) algorithms and data products for
Collection 6 (C6) are essentially the same as thosein Collection 5 (C5). Evaluation ofthe seaice
products andreview ofliterature have foundthe productsto be accurate within limitations of
algorithmsandsensorcapabilities, based onthatinformationtherewerenoreasonstomake
significantrevisionstothealgorithmsordataproducts. Recentlythere hasbeenincreased
interestinand use ofthe IST products, thatusage isbeingwatched and evaluated. Future
revisionstothealgorithms and dataproducts willbe based oninformation fromtheliterature,
users’ experience and evaluation and validation ofthe products. Notable in C6 are the revisions
madeinthe MODIS data productsusedasinputtothe seaicealgorithmthathaveresultedin
improvements in the seaice outputs, which are noted in relevant sections of the guide.

Revisionsandimprovementsin C6 MODIS L1B calibration, the MODIS land and water mask, and
the C6 cloud mask products have affected output of the sea ice algorithms.

The MODIS Calibration Support Team (MCST)
(landweb.nascom.nasa.gov/cgi-bin/QA_WWW/newPage.cgi?fileName=C6_final_change)
revised calibration of the thermal bands 31 and 32 which resulted in decreasing the calculated
brightness temperature by about-0.01 K and improved accuracy forvery cold scenes (especially
below~-30°C). Insciencetests ofthe MOD29IST algorithmwithMOD021KM C6 inputs
differencesinISTinrangeof+/-0.1 Kwerefoundcomparedtothe ISTmadewithC5acrossall
conditions, 97% of all differences where in that range. The estimated IST remains in the
estimated accuracy range of 3K.

The C6 MODIS land/water mask, stored inthe geolocation product, MODO03, has greatly
increased accuracy of mapping water bodies and coastlines
(landweb.nascom.nasa.gov/QA_ WWW/forPage/MODIS_C6_ WaterMak_v3.pdf). In polar
regions there is a notable improvementin the location of coastlines in the sea ice products due
to the improved accuracy of the land/water mask.

Revisions in the MODIS cloud mask algorithm
(modis-atmos.gsfc.nasa.gov/products_C006update.html) generally increased accuracy of cloud
detection. We have noticedimproved clouddetectioninsomesituationsrelativetoseaice,
usually very localized in daytime scenes; difference in total cloud amount is usually in range of
1-3% butmayrange upto 10%. The cloud mask uses anew nighttime oceantestthat
enhanced detection of low level and cirrus clouds (Baum et.al., 2012 )which may decrease cloud
and sea ice confusion in the IST night time maps.

BothMODIS Terraand MODIS Aquaversions ofthe seaice products are generated. Though this
userguide appliestoproductsgenerated frombothsensorsbutiswrittenbased primarily on
the Terra products. The biasto Terrais because the visible bands seaice detection algorithmis
basedonuseofvisibleandnearinfrared dataat1.6 um. Aprimary keytoseaice detectionis



the characteristic of snow covered seaice to have high visible reflectance and low reflectance in
thenearinfrared, MODISband6.MODISband6 (1.6 um)on Terraisfullyfunctionalhowever,
MODIS band 6 on Aqua is only about 30% functional; 70% of the band 6 detectors
non-functional. That situation on the MODIS Aqua necessitated the change to use band 7 (2.1
pum)forseaice mappinginthe swathlevelalgorithminsteadofband6. Thebiasto Terraisalso
because of the greater understanding of the MODIS Terra sensor, pre-launch algorithm
development, longer data record of Terra and greater amount of testing the Terra algorithms in
preparation for processing. The ice surface temperature (IST) algorithm is the same for both
Terraand Aqua because the thermal bands are essentially the same on both MODIS sensors.
Discussion of reasons for the different bands and the effect on seaice mapping are beyond the
scope of this user guide but are discussed inthe MODIS seaice ATBD
(modis-snow-ice.gsfc.nasa.gov/). The Level-3productalgorithms arethe same for Terraand
Aqua.Similaritiesanddifferencesbetween Terraand Aquaare presentedinthe product
sections.

The guide is organized into sections for each data product with subsections on the algorithm
and scientific data sets (SDSs) and metadata stored in products and a brief discussion ofthe
accuracy, error and evaluation of the products.

Sea Ice Data Products

The MODIS seaice products are generated as a sequence of products beginning at the swath
levelthenprogressingthroughspatialandtemporaltransformationstoadaily globalgridded
seaice product. The seaice extentproduct is made for daytime data using MODIS visible bands.
The IST productis made fordaytime and nighttime using MODIS thermal bands. Seaice
detectionandISTalgorithmsareappliedinLevel-2processing (swathlevel),the higherlevel
algorithmsand productsaregenerated by compositing spatially ortemporallythe preceding
product. Each seaice productinthe sequence after the swath product assimilates accuracy and
errorfromthe preceding product. Ausershouldunderstandthatthe accuracyandquality ofa
productis affected by the previous level(s) of input products. Understanding the assimilation of
accuracy and error between levels and through higher levels is necessary to optimize use of the
products. Adescription ofassimilated errorand howitaffectsthe accuracy ofthe productis
included in each product section. A user may want to study the preceding product(s) description
to enhance their understanding of the product accuracy at a particular level.

Sea ice data products are produced as a series of four products. The sequence begins
AtLevel-2withaswath (scene)atanominal pixelspatialresolutionof 1 kmandnominal swath
coverageof1354km(crosstrack) by 2030km (alongtrack, five minutesofMODIS scans).A
summarized listing ofthe sequence of productsisgivenin Table 1. Productsinthe Earth
Observing System Data and Information System (EOSDIS) are labeled as Earth Science Data Type
(ESDT),the ESDT label ShortName is usedtoidentify the seaice data products. Except for the
initial seaice product, MOD29, each seaice productin the sequence is made using the previous
seaice productasinput. These seaice products areidentified, in part, by productlevelsin
EOSDIS thatindicate what spatial and temporal processing has been applied to the data. Data



productlevels briefly described: Level 1B (L1B)is a swath (scene) of MODIS data geolocated to
latitude and longitude centers of 1 km resolution pixels. Alevel-2 (L2) product is a geophysical
product that remains in latitude and longitude orientation; it has not been temporally or
spatially manipulated. Alevel-2G (L2G) productis a gridded format of a map projection. AtL2G
the dataproductsarereferredtoastiles, eachtile beingapiece,e.g.10°x10°area,ofamap
projection. Level-2 data products are gridded into L2G tiles by mapping the L2 pixels into cells of
atile. The L2G algorithm creates a gridded product necessary forthe level 3 products. Alevel-3
(L3)productisageophysicalproductthathasbeentemporallyandorspatiallymanipulated,
and is usually in a gridded map projection format. Brief descriptions of the sea ice data
products are given here to give perspective to the sequence. Expanded descriptions of the sea
ice products are given in following sections.

ThefirstproductinthesequenceistheMOD29 seaice extentandicesurfacetemperatureatl
kmspatialresolutionforaswath. Theseaiceextentistheresultofthealgorithmidentifying sea
iceandotherfeaturesinthe scene. ThelSTiscalculatedforalloceanpixelsinaswath. The
swathlevelseaice dataproducts maycontainday, nightormixofdayandnightdata. Daylight
dataisdefined asdatacollected wherethe solarzenithangleis0to85°. Nightdataiswhere
solarzenithangleis>85°orwhere MODISisoperatinginnightmode collectingonlythermal
data. Swathsindaylightorthatcoverthe terminator contain seaice extentand IST. Swaths
acquiredinnightmode contain only IST data. Seaice products are splitinto day and night
productsatL2G andL3. The splitwas madetoreducefile size, L2Gfiles could exceedthe 2
Gbytesizelimitoverthe polesbecause datafrom 1—14 orbits could possibly be containedin
the file.

ThelL2Gproductisanintermediate multidimensionaldataproductcreatedbymappingthe
pixels from the MOD29 products foraday or nightto their Earth locations onthe Lambert
Azimuthalequalarea EASE-Grid projection (nsidc.org/data/ease/), thus multiple observations,
I.e. pixels, covering a geographic location (cell) in the tile are "stacked" on one another. Two
EASE-Grid projections, Northern and Southern Hemispheres are used for mapping. The
projection is divided into 361 tiles covering each hemisphere. Information on how the pixels
were mappedtothe cellsisstoredinapointer productassociated withthe L2G product.

The third product, MOD29P1D is daily daytime seaice coverand IST at 1 km spatial resolution.
Fromthe multiple observationsinacell ofthe L2G productthe observation selectedforthe
daylight seaice extentis the one that has the highest score from a scoring algorithm based on
solarelevation, observation coverageinacellanddistance from nadir. For observations
obtained in darkness where solar zenith angle > 85° seaice extent datais excluded. The night
time version of the product MOD29P 1N has only the IST for observations obtained in darkness
wheresolarzenithangle>85°orwhen MODISisoperatingin nightmode, onlythermaldata
acquired,andusesthe scoringalgorithmwithsolarelevationisomittedforselectingthe IST
observation .

Thefourthproduct, MOD29E1D,isadailyglobalmapofice extentand IST at4kmresolution
generated from compositing ofthe MOD29P1D producttiles The ESDT names ofthe L2Gand L3
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products (Table 1) indicate if the data are from day or night. The naming convention for seaice

ESDT products isMOD29pto
Where,
p — is the projection
P - polar, EASE-Grid
E --EASE-Grid polar projection, hemispheres
t — is the level and/or time period covered
G-level2G
1-L3daily
0 — day or night
N — night
D - day

Table 1. Listing of the MODIS sea ice data products.

Earth Science | Product | Nominal Data | Spatial Temporal MapProjection
Data Type Level Array Resolution | Resolution
(ESDT) Dimensions
MOD29 L2 1354 by 2030 | 1 km swath (scene) Latitude,
longitude
referenced
MOD29PGD L2G 951 by 951 1 km day of multiple | EASE-Grid
coincident swath | polar
coverage
MOD29PGN | L2G 951 by 951 1 km night of multiple | EASE-Grid
coincident swath | polar
coverage
MOD29P1D L3 951 by 951 1 km day EASE-Grid
polar
MOD29P1N L3 951 by 951 1 km night EASE-Grid
polar
MOD29E1D L3 4501byx4501 | 4 km day EASE-Grid
polar, North
and South

File Format of Sea Ice Products

The MODIS seaice products are archivedin Hierarchical Data Format—Earth Observing System
(HDF-EQS) files. HDF, developed by the National Center for Supercomputer Applications (NCSA),
isthe standard archive format for EOS data (www.hdfgroup.org/projects/esdis/). The seaice



http://www.hdfgroup.org/projects/esdis/)

product files contain global attributes (metadata) and scientific data sets (SDSs) (arrays) with
local attributes. Unique in HDF-EOS datafilesis the use of HDF features to create point, swath,
and grid structures to support geolocation and mapping of data. These structures (Vgroups and
Vdata) provide geolocation relationships between datain an SDS and geographic coordinates
(latitude and longitude or map projections) to support mapping the data. Attributes (metadata),
global and local, contain information about the data set. Users unfamiliar with HDF-EOS formats
should consultthe sites listed in the Related Websites section for more information.

Sea ice data productfiles contain Earth Science Data and Information System (ESDIS) global
attributes. The ESDIS global attributes; CoreMetadata.0, ArchiveMetadata.0 and
StructMetadata.0 contain information relevant to production, archiving, user services,
geolocation and analysis of data. Geolocation and gridding relationships between HDF-EOS
point, swath, and grid structures and the data are contained in the ECS global attribute
StructureMetadata.0. Those global attributes are written in parameter value language (PVL) and
are stored as a character string. Metadata and values are stored as objects within the PVL string.
Products may also contain product specific attributes (PSAs) defined by the product developers.
Outputofthe seaicealgorithms, e.g.seaice extentand IST are stored as SDSswithlocal
attributes. Local attributes describe datainan SDS. Detailed descriptions of each seaice product
are given in following sections.

Data products are generated in the MODIS Adaptive Processing System (MODAPS) using the
HDF-EOStoolkit, Science DataProcessing (SDP) Toolkit, HDF APlandthe C programming
language. Varioussoftwaretoolsavailable fromthe DAACs, opensource softwareand
commercial software tools/packages, are capable ofaccessingthe HDF-EOSfiles.

MOD29

The MOD29 Level-2 productincludes seaice extent, ice surface temperature (IST) and QA data
arraysforeach,coarseresolutionlatitude andlongitude data,and metadata. The contentofa
MOD?29 product varies with day and night granules; seaice extentis not estimated at night. The
seaice extentalgorithmidentifiesice-covered oceans by reflectance characteristics. Ice surface
temperature (IST) is estimated by the split-window technique. For complete global coverage the
MOD29 sea ice product is generated for all swaths acquired during a 24 hour period. An
exampleoftheMOD29seaiceextentandISTfrom 14 July20031550UTCofthe BarentsSea
regionisexhibitedinFigures 1and 2. The seaice algorithm and data productcontents are
described in the following sections.
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Figure 1.

MOD29.A2002143.2320.006.20142320034.hdfswath productofseaice extent(top centerimage) and
IST (top rightimage) of Arctic Ocean along Alaska and Russia coasts, Seward Peninsulaislocated on
lowerrightcornerofimage. IST scale hasnarrower intervals over 265-273Kto show detailin that
temperature range. False color (bands 1, 4, 6) image of
MODO021KM.A2002143.2320.006.2014232003420.hdfshowninleftimage forimage interpretation. At
1kmresolution details of seaice extentcan be seenin clear sky conditions. Subsetimagesinthe lower
row, ChukchiSeaandLisburne Peninsula AK onrightside of subset, showsome detailinthe data.
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Algorithm Description

A brief description of the sea ice algorithm is given for the purpose of aiding a user in
understanding and interpreting the data product. Details of the sea ice algorithm can be found
in the Algorithm Theoretical Basis Document (ATBD).

The seaice extent algorithmis constrained to daylight ocean pixels that have visible reflectance
above 10%andare notobstructed by clouds. Datainputstothe seaice algorithmarelistedin
Table 2. Thenew C6 MODIS land/water mask is used to guide processing onoceans. Thethree
categories of ocean -- deep, moderate and shallow -- in the land/water mask are processed as
ocean; no distinction is made between categories. Top-of-the-atmosphere (TOA) reflectance
datais read from the MOD021KM product. The MODO021KM datais screened for missing data
and forunusable data. Unusable dataresults from processing at L1B when the sensor radiance
datafailstomeetacceptable criteria. MODIS data may be unusable for severalreasons.
Specifics of L1B processing and criteria can be found at the MODIS Calibration Support Team
(MCST) web page and in supporting documentation. Inthe case of missing data, the algorithm
mapsthe dataas missinginthe outputproduct. No actionistakeninthe algorithmtomakean
analysis for missing data. If other anomalous conditions occur with the input data, the algorithm
makes no decision for that pixel, except for a few anomalous conditions where a value
indicating the source ofthe anomaly iswritten. Clouds are masked usingthe MODIS Cloud
Mask data product (MOD35_L2) unobstructed field-of-view flag. If the cloud flag is setto certain
cloudthenthe pixelis setto cloud. Ifthe cloud flagis setto clear oranylevel of possible cloud
the pixelisinterpreted as clear. Thatlogicis used to increase the number of retrievals balanced
against the cloud conservative nature of the cloud mask, and accepts potential ice/cloud
confusion and cloud contamination in IST.

Table 2. MODIS data product inputs to the MODIS sea ice algorithm.

ESDT Long Name Data Used

MODO021KM MODIS Level 1B Calibrated MODIS band (center
and Geolocated Radiances wavelength)
1(0.645 pm)

2 (0.865 um)

4 (0.555 pm)

6 (1.640 um)

31 (11.03 ym)

32 (12.02 ym)

MODO3 MODIS Geolocation Land/Water Mask

Solar Zenith Angles

Sensor Zenith Angles Latitude
Longitude

MOD35 L2 MODIS Cloud Mask Unobstructed Field of View
Flag
Day/Night Flag
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Seaicedetectionisachievedthroughtheuseofgroupedcriteriatestsforseaicereflectance
characteristicsinthevisible and near-infraredregions. Criteriaforseaice arethatapixelhasa
normalized difference snow index (NDSI), (band 4-band 6) / (band 4 + band 6) greater than 0.4
and visible reflectance in band 2 greater than 0.11 and band 1 reflectance greater than 0.10. Ifa
pixelpassesthisgroupofcriteriatestsitisidentifiedasseaiceandpassedthroughmoretests.
Intermediate checks for theoretical bounding of reflectance data and the NDSI are made in the
algorithm. Intheory, reflectance values should lie within the 0-1 range and the NDSI ratio should
liewithinthe-1.0to+1.0range.However,thetestforseaiceisappliedregardlessofviolations
ofthese limits and the QA datais setto indicate an unusual condition with low quality result.

Ice surface temperature (IST) is calculated with a split-window technique using MODIS bands 31
and 32radiance data. Coefficients forthe IST equation were derived by Jeff Key, NOAA, using
MODIS spectral response functions and radiative transfer calculations. Sets of coefficients are
implemented for the Northern and Southern Hemispheres and for temperature ranges based on
band31brightnesstemperature. Adifferentsetofa, b, c,andd coefficientsisusedforeach of
three temperature ranges in the Northern and Southern Hemispheres separately. IST
coefficients are givenin Table 3.

IST = IST = a +bT11 + ¢(T11-T12) +d[(T11-T12)(sec(q)-1)]
where,

T11is brightness temperature at 11.03 ym

T12 is brightness temperature at12.02 um

g is sensor scan angle

a, b, ¢, d are regression coefficients.

Table 3. Coefficients used inthe calculation of IST. The same coefficients are used for Terra and
Agqua MODIS sensors.

Northern Hemisphere

a

b

c

d

<240K

-1.5711228087

1.0054774067

1.8532794923

-0.7905176303

240 — 260 K -2.3726968515 | 1.0086040702 | 1.6948238801 | -0.2052523236
> 260 K -4.2953046345 | 1.0150179031 | 1.9495254583 | 0.1971325790
Southern Hemisphere | a b c d

<240 K

-0.1594802497

0.9999256454

1.3903881106

-0.4135749071

240 — 260 K

-3.3294560023

1.0129459037

1.2145725772

0.1310171301

> 260 K

-5.2073604160

1.0194285947

1.5102495616

0.2603553496

The IST algorithm is constrained to ocean pixels that are not obstructed by clouds and is run for
both daytime and nighttime data. Datainputstothe seaicealgorithmarelistedin Table2. The
new C6 MODIS land/water maskis used to guide processing on oceans. The three categories of
ocean--deep, moderate and shallow--inthe land/water maskare processedasocean; no
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distinctionismade between categories. Radiance dataforbands31and32arereadfrom
MODO021KM and converted to brightness temperature using the Plank function. The
MODO021KMdataisscreenedformissingdataandforunusable data. Unusable dataresults
fromthe processingatL1Bwhenthe sensorradiance datafailsto meetacceptable criteria.
MODIS datamay be unusable forseveralreasons. Specificsof L1B processing and criteriacanbe
found at the MODIS Calibration Support Team (MCST) web page and in supporting
documentation. Inthe case of missing data, the algorithm maps the dataas missinginthe
outputproduct.Noactionistakeninthe algorithmtomake ananalysisformissing data. Ifother
anomalousconditionsoccurwiththeinputdata,thealgorithmmakesnodecisionforthatpixel,
exceptforafewanomalous conditionswhere avalue indicating the source oftheanomalyis
written. Quality checksare appliedtothe inputdataand atintermediate processing steps,
gualityvalueisloweredifchecksarefailed,andthefinalqualityvalue associated withapixelis
output. Clouds are masked using the MODIS Cloud Mask data product (MOD35_L2)
unobstructed field-of-view flag for both daytime and nighttime data. Ifthe cloudflagissetto
clear or anylevel of possible cloud the pixelisinterpreted as clear. That logicis used to increase
the number of retrievals balanced against the cloud conservative nature of the cloud mask, and
accepts potential ice/cloud confusion and cloud contamination in IST.

Results ofthe seaice algorithm are stored in SDSsinthe product. The number of SDSs varies
between swathsthathave day, either day and nightdata or only night,i.e.onlythermal data.
Therearealsotwo SDSs ofgeolocation data. There are quality assessmentSDSs forthe seaice
extentand IST outputs. Swathsthathave daydatainthemhavesix SDSs. Swathsthathave
only nighttime data have only the IST and geolocation outputs. Each ofthe SDSsis describedin
the following subsections.

Quality Assessment

Quality assessmentappliedinthe algorithm checksthatthe inputdata andintermediate
calculated data values are withintheoretical or expected ranges. A QA value is assigned based
onthechecksdone. ThedefaultQAvalueisgoodresult, QA=0. Ifanyofthe datachecksare
failed the QAvalue setto other quality, QA=1. Ifthealgorithmwas notapplied, topixele.g.a
landpixel,thenamaskdatavalueisoutputforthe pixel.Intheglobalattribute CoreMetadata.0
the ScienceQualityFlagExplanation is a pointer to website for more information on the science
guality status of the product.

Scientific Data Sets

Sea_Ice by Reflectance

The seaiceextentproductis storedas coded datavaluesinthe Sea_Ice_by Reflectance SDS.
Theseaicealgorithmidentifies pixelsasseaice, ocean,land,inland water, cloud or other

condition. Acolor-codedimage ofaseaiceextentswathimageisshowninFiguresland?2.
Predefined HDF and customlocal attributes are included. Local attributes are listed in Table 4.

Table 4. Local attributes for the Sea_Ice by Reflectance SDS.

13



Attribute Name

Definition

Value

long_name Long Name of the SDS | Sea ice by reflective characteristics
units Sl units of the data none
format Data type 13
coordsys Coordinate systemtouse | Cartesian
for the data
valid_range Max and min values for | 0-254
sea ice extent
_Fillvalue Used to fill gaps in the 255
swath
Key Keytomeaningofdatain | 0=missing data 1=no decision 11=night

the SDS

25=land 37=inland water 39=0ocean
50=cloud 100=lake ice 200=sea ice
254=detector saturated 255=fill

Nadir_data_resolution

Nominal spatial resolution
of the pixels at nadir

1 km

ValidEV Obs Band 2 (%) | The percentage of valid 0.0 -100.0
observations from Level
1BinBand2inthe swath

ValidEV ObsBand 4 (%) | The percentage of valid | 0.0 - 100.0
observations from Level
1BinBand4intheswath

ValidEV Obs Band 6 (%) | The percentage of valid 0.0-100.0
observations from Level
1BinBand6inthe swath

Saturated EV Obs Band | The percentage of 0.0-100.0

1 (%) saturated observations
fromLevellBinBandlin
the swath

Saturated EV Obs Band | The percentage of 0.0 - 100.0

2 (%) Saturated observations
fromLevel1BinBand2in
the swath

Saturated EV Obs Band | The percentage of 0.0-100.0

4 (%) saturated observations
fromLevellBinBand4in
the swath

Saturated EV Obs Band | The percentage of 0.0-100.0

6 (%)

saturated observations
fromLevel1BinBand6in
the swath
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Ice_Surface_Temperature
Ice surface temperature (IST) calculated by the split-window technique (see Algorithm
Description section)isstoredinthisSDS. The ISTisgivenindegrees Kelvinandis storedas
calibrated data. Toretrieve the IST the data must be descaled to degrees Kelvin using the
calibration attributes:

IST (K) = scale_factor * (calibrated data — add_offset)
The valid range for IST is 210.00 - 313.00 K or 21000 — 31300 in calibrated form. Other features
suchaslandandcloudsare codedwithintegervalues<5000.Values<5000arenotvalidIST
values but represent the occurrence of land, clouds or other features or conditions in the swath.
The local attributes stored withthe SDS are listed in Table 5. Coefficientsusedinthe IST
equation are given in Table 3.

Table 5. Local Attributes for the Ice_Surface_Temperature SDS.

Attribute Name Definition Value
long_name Long Name of the SDS Ice Surface Temperature by splitwindow
method
units Sl units of the data Degree_Kelvin
format Data type format F3.2
coordsys Coordinate system for the | Cartesian
data
valid_range Max and min values of IST| 21000 31300
_Fillvalue Used to fill gaps in the 65535
swath
scale_factor Scale factor of calibrated | 0.010000
data
scale_factor_err Scale factor error of 0.000000
calibrated data
add_offset Offset of calibrated data 0.000000
add_offset_err Offset error of calibrated | 0.000000
data
calibrated_nt Datatypeofcalibrateddata | 5
Key Keytomeaningofdatain 0.0=missing data 1.0=no decision
the SDS 11.0=night 25.0=land 37.0=inland water
39.0=ocean 50.0=cloud 243.0-273.0
expected IST range 655.35=fill
Valid EV Obs Band | The percentage of valid 0.0-100.0
31 (%) observationsfromLevel1B
in band 31 in the swath.
Valid EV Obs Band | The percentage of valid 0.0-100.0
32 (%) observationsfromLevel1B
in band 32 in the swath.
Saturated EV Obs| The percentage of saturated| 0.0-100.0
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Band 31 (%)

observationsfromLevel 1B
in band 31 in the swath.

Saturated EV Obs

Band 32(%)

The percentage ofsaturated
observations from Level 1B
in band 32 in the swath.

0.0-100.0

Sea_Ice by Reflectance Pixel QA

The quality assessment data provides an indication of the quality of the seaice by reflectance
algorithm output. Datafor a pixel are determinedto be of good quality, other quality ormay be
settoathematicvalueforcertainconditions. Unlesstheinputdataisunusable ormissingthe
data quality will usually be setto good. Local attributes are listed in Table 6.

Table 6. Local Attributes with the Sea_Ice_by Reflectance Pixel QA

Attribute Definition Value
name
long_name | LongNameofthe SDS | Sea ice by reflective characteristics spatial QA
units Sl units of the data none
format Data type I3
coordsys Coordinatesystem to | Cartesian
use for the data
valid_range | Maxandminvaluesfor | 0-254
QA
_Fillvalue Used to fill gaps in the| 255
swath
Key Key to meaning of data| 0=good quality 1=other quality 252=Antarctica mask

in the SDS

253=land mask 254=0cean mask 255=fill

Ice_Surface_Temperature_Pixel QA
The quality assessmentdataprovides anindication ofthe quality ofthe outputdatafromthe

ISTalgorithm. Dataforapixelare determinedtobe ofgood quality, otherquality ormay be set
toathematicvalueforcertainconditions.MODISbands31and 32are checkedtodetermine

thequalityofthe IST.Unlesstheinputdataisunusable or missing the dataquality willusually
be setto good. Local attributes are listed in Table 7.

Table 7. Local Attributes with Ice_Surface_Temperature_Pixel QA

Attribute Definition Value

name

long_name | LongNameofthe SDS | Ice surface temperature pixel QA
units Sl units of the data none
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format Data type 13
coordsys Coordinatesystem to | Cartesian
use for the data
valid_range | Maxandminvaluesfor | 0-254
QA
_Fillvalue Used to fill gaps in the | 255
swath
Key Key to meaning of data| 0=good quality 1=other quality 252=Antarctica mask

in the SDS

253=land mask 254=0cean mask 255=fill

Latitude and Longitude

Coarse resolution (5 km) latitude and longitude data for geolocating the seaice data are located
inthe Latitude and Longitude SDSs. The latitude and longitude data correspond to a center pixel
ofa5kmby5kmblockofpixelsintheseaice SDSs. The mappingrelationship ofgeolocation
data to the sea ice data is specified in the global attribute StructMetadata.0. Mapping
relationship was created by the HDF-EOS SDPTK toolkitduring production. Geolocation datais
mappedtothe seaicedatawithanoffset=2.5andincrement=>5. Thefirstelement(1,1)inthe
geolocation SDSs correspondstoelement(5,5)inSea_Ice_by Reflectance SDS;thealgorithm
then increments by 10 in the cross-track or along-track direction to map geolocation datato the
SDS. Local attributes are listed in Tables 8 and 9.

Table 8. Local attributes with Latitude SDS.

Attribute name

Definition

Value

long_name Long Name of the SDS Coarse 5 km resolution
latitude
units Sl units of the data degrees
valid_range Max and min values for -90.00 90.00
latitude
_Fillvalue Used to fill gaps in the swath| -999.000
Source Source of data MODOS3 geolocation product

datareadfromcenterpixelin
5 km box.

Table 9. Local attributes with Longitude SDS.

Attribute Definition Value

name

long_name | Long Name of the SDS | Coarse 5 km resolution longitude
units Sl units of the data degrees

valid_range | Max and min values of | -180.00 180.00
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longitude

_Fillvalue Used to fill gaps in the | -999.000
swath

Source Source of data MODO03geolocationproduct; datareadfromcenter
pixel in 5km box

Global Attributes

Therearethree ECSdefinedglobalattributes; CoreMetadata.0, ArchiveMetadata.0,and
StructMetadata.0, written as very long character strings in parameter value language (PVL)
format,andotherproductspecificglobalattributesinthe MOD29product. Global attributes
serve different purposes, such as search and order of products, mapping, and product version
tracking. A user wanting to learn more about HDF-EOS can find information about it at
www.hdfgroup.org/hdfeos.html. Atextdump of allthe metadata and SDSs in a global MOD29
granule is given in Appendix A.

Sea Ice Extent Accuracy and Errors

Seaiceextenthas beenevaluated through visual comparison with MODIS reflectance imagery
and comparative analysiswithseaice productsand mapsfromothersources. Thoughno
definitive quantitative comparisons have been reported, qualitative evaluations suggest that
under clear sky conditions the seaice extent maps are very accurate and show ice details at 1
kmresolution. The extensive andfrequentcloudcoverinthe Arcticisalimitationtothe use of
MODIS data for monitoring sea ice conditions.

Discrimination between clouds and sea ice is challenging. Clouds are masked using the
MOD35_L2 cloud mask product so the accuracy and error of cloud discrimination in that
algorithm is propagated into the MOD29 algorithm and product. The cloud conservative nature
ofthe cloud maskleadstoabiasof‘detecting’ cloud over seaice whenthealgorithmdoes not
have adefinitive resultofclearsky overoceansurface. Detailed discussion ofthe cloud mask
algorithmis notgiven here butthe user should be aware thatan artifact from the algorithm
does appearinthe seaice product. The cloud mask algorithm uses the Near-real-time Ice and
Snow Extent (NISE) product, an ancillary data source, to initialize the sea ice background flag
thatis used to direct algorithm processing flow. The NISE resolutionis 25 km, the cloud mask is
1 kmresolution. Thatdifference in NISE and MODIS resolution can be a cause of the cloud mask
detecting seaice as cloud in some situations which resultin artifacts of straightline cloud edges
sometimeswith90degreescornersinthe cloudmask,andseaice detectedascloud. Those
typesofartifactsanderrorareseeninthe low halfofthe subsetimages ofMOD29in Figure 1.

The C6 land/water mask is derived from the UMD 250m MODIS Water Mask data product (UMD
Global Land Cover Facility http://glcf.umd.edu/data/watermask/description.shtml). Location of
Arcticcoastlinesandriversisgreatlyimproved comparedtotheland/watermaskusedinC5.
Userswillprobablynoticetheimproved coastline mappinginallregions. Improved quality of
the land water maskis seenthrough all productlevels. The UMD 250 m Water Mask was
converted to a 500 m seven class land/water mask for use in the production of MODIS products
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in C6. That was done to maintain continuity in the land/water mask used in all the land
productsin C5to C6 butwithgreatlyimproved accuracyinlocation ofwaterbodiesresulting
from the UMD 250 Water Mask
(http://landweb.nascom.nasa.gov/QA_WWW/forPage/MODIS_C6_Water_Mask_v3.pdf)
Geolocation accuracy remains constantfrom C5. There will be some ‘wobble’in geolocation of
land/water mask features but within expected range. Geolocation ‘wobble’ through the
processing levels tolevel 3 may be observed by changes in location of a feature, like a coastline,
from day to day in the MOD29P1 products.

IST Accuracy and Errors

Inthe productgeneration systemthe IST algorithmisappliedtoall ocean pixels, thereisno
prescreeningforpossible occurrence ofseaice. ThelSTisnotaseasurfacetemperature
algorithm and should notbe used as one. The IST is only relevantto oceans and seas where sea
ice occurs.

Underideal conditions the IST accuracyis 1-3K; see Hall etal. (2004), Hall et al., (in review) and
Schumanetal., (2014) fordiscussion ofthe IST accuracy. IST was reported inthe 1-3 Krange by
Scambosetal(2006). Ideal conditionsforthe split-window technique are clear sky with low
amountofwatervapor. Watervapor causesdeclineinaccuracyofthe IST.Cloud detectionis
also afactoraffecting accuracy. Anyclouds or partially cloudy conditionswilldecrease the
accuracy of IST.

Discrimination between clouds and sea ice is challenging. Clouds are masked using the
MOD35_ L2 cloud maskproductsothe accuracy and errorof cloud discriminationinthat
algorithm is propagated into the MOD29 algorithm and product. The cloud conservative nature
of the cloud mask tends to result in clouds being detected in some situations of sea ice
conditions. Detailed discussion ofthe cloud maskalgorithmis notgiven here butthe user
should be awarethatanartifactfromthe algorithmdoes appearinthe seaice product. The
cloud mask algorithm uses the Near-real-time Ice and Snow Extent (NISE) product, an ancillary
data source, toinitialize the seaice background flag that is used to direct algorithm processing
flow. The NISEresolutionis25km, the cloud maskis 1 kmresolution. ThatdifferenceinNISE
andMODISresolutioncanbe acause ofthe cloud maskdetecting seaiceascloudinsome
situationswhichresultinartifacts of straightline cloud edges sometimeswith 90 degrees
corners in the cloud mask, and seaice detected as cloud. Those types of artifacts and error are
seen in the low half of the subsetimages of MOD29 in Figure 1.

The IST s calculated for night data, when MODIS in night mode only thermal data acquired, and
the MOD35_L2 cloud mask is used for the night data. Cloud detection at night is very
challenging. Thoughthe cloudmaskisuseditis consideredveryunreliable atnight. Visual
inspection ofthe IST productmay be usedto determine clear skiesin some conditions, for
exampleifseaicefeaturesofflowsorleadscanbeseen,theninferclearsky. ConsiderthelST
night product as a research product.
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The C6 land/water mask is derived from the UMD 250m MODIS Water Mask data product (UMD
Global Land Cover Facility http://glcf.umd.edu/data/watermask/description.shtml). Location of
Arcticcoastlinesandriversisgreatlyimproved comparedtotheland/watermaskusedin C5.
Userswillprobably notice theimproved coastlinemappinginallregions. Improved quality of
the land water maskis seenthrough all productlevels. The UMD 250 m Water Mask was
converted to a 500 m seven class land/water mask for use in the production of MODIS products
in C6. That was done to maintain continuity in the land/water mask used in all the land
productsinC5to C6 butwith greatlyimproved accuracyinlocationofwater bodies resulting
from the UMD 250 Water Mask

(http://landweb.nascom.nasa.gov/QA WWW/forPage/MODIS C6 Water Mask v3.pdf). There
will be some ‘wobble’ in geolocation of land/water mask features but within expected range.
Geolocation ‘wobble’ through the processing levels tolevel 3 may be observed by changesin
location of a feature, like a coastline, from day to day in the MOD29P1 products.

InthelSTalgorithmthe MODIS scananglerangeof55degreesisusedinthelST calculation.
Recentinvestigation of the IST equation using fixed MODIS scan angle of 55 degrees or using the
MODIS sensor zenith angle, which includes surface curvature effect, has shown that using either
geometry yields an accurate IST; ISTs are generally within 1K with either geometry. That
investigation was done using the special IST on Greenland data setso that the calculated IST
could be compared to ground station data. Evaluation of the sensor scan angle on IST
calculation continues.

Alisting of published literature in which the MOD29 products have been evaluated, compared
or used in some way is maintained on our project website at
http://modis-snow-ice.gsfc.nasa.qgov/

MOD29PG*

Thelevel-2-gridded (L2G) productistheresultof mapping allthe MOD29 swathsfroma
calendar day, day and night granules, to grid cells of the Lambert Azimuthal Equal-Area (polar
grid) projection. Separate products are generated for day and night. MOD29PGD and
MOD29PGN are the day and night products. The Lambert Azimuthal Equal-Areaprojectionis
divided into Northern and Southern hemisphere polar grids and each grid is divided into tiles.
The grids are compatible withthe NSIDC EASE-Grid. Eachgrid contains 313tiles with eachtile
coveringapproximately10x10degrees. Referencesrelevanttothe EASE-GridLambert
Azimuthal Equal-Area projection can be found in the related documents section of this guide.

The MOD29PG* products are necessary intermediate products used as input to the daily
gridded seaice products MOD29P 1D and MOD29P1N. The MOD29P G* products are not
archived atNSIDC.
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MOD29P1D

This daily gridded level-3seaice productistheresultofselectingan observationfromthe
multiple observations mappedtoacellofthe MOD29GP productasthe “best” observation of
theday. Thedailyseaiceproductisatile ofdatagriddedinthe LambertAzimuthal Equal Area
map projection. Spatial resolution is approximately 1 km; tiles are grid of 951 x 951 cells. There
aretwogrids, one forthe Northern Hemisphere and one forthe Southern Hemisphere. Tile
coordinate systemis differentforthe grids. See modis-land.gsfc.nasa.gov/MODLAND_grid.html
foradescriptionofthegrids. Seaice extentandISTfromaMOD29P1D productare shownin
Figure 2.

[] SEAICE [ LAND IST (K
Bl ocean [ WATER < 240 260 265 271 273
™ cLoup I MISSING 230 >

Figure 2.

Sea ice extent (left) and IST (right) from MOD29P1D.A200214.h08v07.006.2015054055253.hdf
dailytiled productcovering north coastof AK Lisburne Peninsula upperrightcorner,and
Chukchi Sea. Thisregionis coveredinthe MOD29 swath productshownin Figure 1.

Algorithm Description

Fromthemanyobservationsacquiredduringadayfrommultiple swathscoveringalocationa
single observation is selected as the “best” observation of the day from the MOD29PGD
intermediate product. Ascoringalgorithmisusedto selectthe “best” observation ofthe day
basedonsolarelevation, observation coverage in agrid celland distance from nadir. The
objective of the algorithm is to select observations that were acquired near local noon time, had
alargeamountofcoverageinagridcellandthatwere nearnadirofaswath. Theinputdataare
readfromtheL2G productslistedin Table10. Aweightingisgiventothese parametersinthe
algorithm. The form of the scoring algorithm is,
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Score = (0.5 * solar elevation) + (0.3 * observation coverage) + (0.2 * distance from nadir)

Allobservationsforadayare scored andthe one with the highestscoreisselected asthe
observation for the day. This algorithm is applied to sea ice by reflectance and IST, so that the
same pixel observationis selected. The corresponding QA datais also selected and output.

Insituationswhere the dayandnightterminatorliesinatile,the IST ismappedonbothsides of
theterminatorthustheremayberegionswherelSTismappedwithoutcorrespondingseaice
by reflectance data in daytime granules.

Table 10. MODIS data product inputs to the MODIS daily sea ice algorithm.

ESDT Long Name Data Used

MOD29PGD | MODIS/Terra Sea Ice Extent Daily L2G Seaice IST and QA
Global 1km EASE-Grid Day

MODMGPG | MODIS/Terra Geolocation Angles Daily Solar and sensor geometry

D L2G Global 1km EASE-Grid Day
MODPTPGD | MODIS/Terra Observation Pointers Daily | Number of observations coverage
L2G Global 1km Polar Grid Day observation swath and location

Quality Assessment

QA data corresponding to the seaice cover and IST observation selected for the daily gridded
map are also selected and mapped into the Sea_Ice_by Reflectance_Spatial QA and
Ice_Surface_Temperature_Spatial QA SDSs. No quality assessment is done in this algorithm. All
QA is inherited from the MOD29 product.

Scientific Data Sets

Sea_Ice_By Reflectance

Theseaice extentmapistheresultofselectingthe ‘best’ observation ofall the swathlevel
observations mapped into a grid cell for the day. The sea ice extent map is a binary map of sea
ice or open ocean and includes, land, cloud and other features. A color-coded image of asea
ice extentmap is shown in Figure 2. Local attributes are listed in Table 11.

Table 11. Local attributes with the Sea_Ice_by Reflectance SDS

Attribute Definition Value

name

long_name | Long Name of the | Sea ice by reflectance for daily tile
SDS

units Sl units of the data | none

format Data type 13
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data in the SDS

coordsys Coordinate system Cartesian
to use for the data
valid_range | Max and min values| 0-254
of sea ice extent
_Fillvalue Used to fill gaps in | 255
the swath
Key Key to meaning of | O=missing data 1=no decision 11=night 25=land

37=inland water 39=ocean 50=cloud 200=sea ice

253=land mask 254=0cean mask 255=fill

Ice_Surface_Temperature
The IST mapis the result of selecting the ‘best’ observation of all the swath level observations
mapped into agrid cell forthe day. The IST and other features e.g. land, cloud or other

features. Acolor-codedimageofISTmapisshowninFigure 2. Localattributesarelistedin

Table 12.

The IST data are stored in HDF calibrated form so must be converted using the calibration data
in the local attributes.
IST (K) = scale_factor * (calibrated data — add_offset).

Table 12 Local attributes for Ice_Surface_Temperature

Attribute Name

Definition

Value

long_name Long Name of the | Ice Surface Temperature for daily tile
SDS
units Sl units of the data] Degree_Kelvin
format Data type and F4.1
format
coordsys Coordinate system | Cartesian
to use for the data
valid_range Max and min 21000 31300
values of IST
_Fillvalue Used to fill gaps in| 7
the swath
scale_factor Scale factor of 0.010000
calibrated data
scale_factor_err| Scale factor error | 0.000000
of calibrated data
add_offset Offsetofcalibrated | 0.000000
data
add_offset_err | Offset error of 0.000000

calibrated data
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calibrated_nt

Data type of 5
calibrated data

Key

Key to meaning of
data in the SDS

0.0=missing data 1.0=no decision 11.0=night 25.0=land
37.0=inland water 39.0=0pen ocean 50.0=cloud
243.0-273.0 expected IST range 655.35=fill

Sea_lce_by Reflectance_Spatial QA

Thisis the QA data corresponding to the observation selected as ‘best’ observation of the day
for sea ice extent. Local attributes are listed in Table 13.

Table 13. Local attributes for the Sea_Ice by Reflectance Spatial QA SDS

Attribute name

Definition

Value

long_name Long Name of the SDS Seaicebyreflectancefordailytile
units Sl units of the data none

format Data type 13

coordsys Coordinate systemtouse forthedata | Cartesian

valid_range Max and min values of QA 0-254

_Fillvalue Used to fill gaps in the swath 255

Key Key to meaning of data in the SDS | 0=good quality,

1=other quality,
253=land mask,

254=0cean mask,
255=fill

Ice_Surface_Temperature_Spatial QA

Thisis the QA data corresponding to the observation selected as ‘best’ observation of the day
for IST. Local attributes are listed in Table 14.

Table 14. Local Attributes with Ice_Surface_Temperature Spatial QA SDS.

Attribute name

Definition

Value

long_name Long Name of the SDS Ice_Surface_Temperature_Spatial_QA
units Sl units of the data none

format Data type 13

coordsys Coordinate systemtouse forthedata | Cartesian

valid_range Max and min values for QA 0-254

_Fillvalue Used to fill gaps in the swath 255

Key Key to meaning of data in the SDS | 0=good quality,

1=other quality,
253=land mask,
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254=0cean mask,
255=fill

Global Attributes

There are three are ECS defined global attributes; CoreMetadata.0, ArchiveMetadata.0, and
StructMetadata.0,writtenasverylongcharacterstringsinparametervaluelanguage (PVL)
format, and other product specific global attributes in the MOD29P1D product. Global
attributes serve different purposes, such as search and order of products, mapping, and product
versiontracking. AuserwantingtolearnmoreaboutHDF-EOScanfindinformationaboutitat
www.hdfgroup.org/hdfeos.html. A Text dump of the global attributes from a MOD29P1D
granule is given in Appendix B.

Sea Ice Extent and IST Accuracy and Errors

Accuracy and errors are inherited from the MOD29 product. Some error in geolocation may be
associated with reprojection from latitude and longitude coordinates to the EASE-Grid Lambert
Azimuthal equal areaprojection ofthe product. Geolocation error may be notable along
coastlines which may appear to shift between cells of the grid from day to day.

Artifacts of the cloud mask usage ofthe NISE productto settheice backgroundflagin
processing may be apparentas acloud areahaving astraightline edge and possibly 90 degree
corners and detecting seaice as cloud inthe MOD29 product (cf. MOD29 Accuracy and Error
discussion above).

IST is mapped in the region of darkness 85° — 90° solar zenith angle where sea ice extent is not
sointheterminatorregionthe seaice extentandIST mapswill havedifferentcoverage. Inthis
dayproductthelSTfromaswathinwhichMODISisinnightmodeisnotmapped,nightISTisin
the MOD29P1N product.

Overthe polarregionsthe numberof MODIS acquisitions in daylight or nightmode, only
thermal dataacquiredin nightmode, varieswith the seasons. During the borealsummerthe
Arcticregion canbe imaged manytimes, perhaps up tofourteen swaths, during a 24 hour
period. Ausershould carefullyconsiderwhichlevel ofthe seaice productswillbestmeettheir
researchorapplicationneeds. The objective ofthedailyseaiceandISTalgorithmistoreport
the ‘best’ observation of a day based primarily on time of overpass and viewing angle, the ‘best’
beingnearlocalsolarnoonandclosetonadir. Thattechniquesworkstomapswathinputsas
contiguous spatially and temporally in a tile, with mixing of swath observations occurring along
edgesofswathoverlap. Swathseamsare seenasaweave patterninthe datawhenthereisa
difference in cloud cover or surface features between adjacent swaths. Only asingle ‘best’ sea
ice extentand corresponding IST observation are mapped in the data product.

This daily seaice product may not be the best fora user because itlacks all the observations

thatausercouldaccessifthe swath productswereused instead ofthis single daily ‘best’
observation. Seaice moves, clouds move, the satellite passes over aboutevery 99 minutes.
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These are all factors for a user to consider when deciding on which seaice product to use, and
interpreting the daily gridded products.

MOD29P1N

This product contains only the IST data acquired during nighttime. Two SDSs are stored inthe
product. The nighttime seaice productis atile ofdatagriddedinthe EASE-Grid Lambert
Azimuthal Equal Area map projection. Spatial resolution is approximately 1 km. Tile dimensions
are 951 x 951 grid cells.

Algorithm Description

The algorithm selects observations thatwere acquired nearestnadirand with the largest
amount of coverage in a grid cell. A weighting is given to these parameters in the algorithm. The
form of the scoring algorithm is:

Score = (0.3 * observation coverage) + (0.2 * distance from nadir)
Thesedataarereadfromthe L2G products ofseaice (MOD29PGN)and pointer( MODPTPGN).
All input observations are scored and the one with the highest score is selected as the
observation for the night.

Table 15. ESDT inputs to the MOD29P1N algorithm.

ESDT Long Name Data Used

MOD29PG | MODIS/Terra Sea Ice Extent Daily L2G IST and QA

N Global 1km EASE-Grid Day

MODPTPG | MODIS/Terra Observation Pointers Daily | Number of observations coverage
N L2G Global 1km Polar Grid Day observation swath and location

Quality Assessment
QAdataisinherited fromthe MOD29 ST input. No quality assessmentisdoneinthe algorithm.

Scientific Data Sets

Ice_Surface_Temperature

The IST observation selected by the algorithmis storedinthis SDS. Data are stored as scaled

integersand mustbe de-scaledtodegrees Kelvinusing the Calibrationlocal attribute.
IST (K)=scale_factor*(calibrated data—add_offset)

Local attributes are listed in Table 16.

Table 16. Local attributes with the Ice_Surface_Tempertature SDS.

Attribute Name | Definition Value
long_name LongNameofthe | Ice_Surface_Temperature
SDS
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units Sl units of the degree_Kelvin
data

format Data type and F4.1
format

coordsys Coordinate Cartesian
systemtousefor
the data

valid_range Max and min IST| 21000, 31300
values

_Fillvalue Used to fill gaps | 7
in the swath

scale_factor Scale factor of 0.010000
calibrated data

scale_factor_err| Scale factor error | 0.000000
of calibrated data

add_offset Offset of 0.000000
calibrated data

add_offset_err | Offset error of 0.000000
calibrated data

calibrated_nt | Data type of 23

calibrated data

Key

Key to meaning
ofdatainthe SDS

0.0=missing data 1.0=no decision 11.0=night 25.0=land
37.0=inland water 39.0=open ocean 50.0=cloud
243.0-273.0 expected IST range 655.35=fill

Ice_Surface_Temperature_Spatial QA

QAdatacorrespondingtothe selected IST observationare mappedintothe
Ice_Surface_Temperature_Spatial QA SDS. Local attributes are listed in Table 17.

Table 17. Local Attributes with Ice_Surface_Temperature Spatial QA SDS.

Attribute name

Definition

Value

long_name Long Name of the SDS Ice_Surface_Temperature_Spatial QA
units Sl units of the data none

format Data type 13

coordsys Coordinate systemtouse forthedata | Cartesian

valid_range Max and min values of QA 0-254

_Fillvalue Used to fill gaps in the swath 255

Key Key to meaning of data in the SDS | 0=good quality,

1=other quality,
253=land mask,

254=0cean mask,
255=fill

27




Global Attributes

Therearethree ECSdefinedglobalattributes, CoreMetadata.O, ArchiveMetadata.0,and
StructMetadata.O, writtenasverylongcharacterstringsinparametervaluelanguage (PVL)
format, and other product specific global attributes in the MOD29P1D product. Global
attributes serve different purposes, such as search and order of products, mapping, and product
versiontracking. AuserwantingtolearnmoreaboutHDF-EOS canfindinformationaboutitat
www.hdfgroup.org/hdfeos.html. Textofthe globalattributesfromaMOD29P1N granuleis
given in AppendixC.

Night time IST Accuracy and Errors

Uncertaintyincloud detection atnightis probably the greatest problemto contend withinthe
nighttime IST product and algorithm. Cloud contamination of IST retrieval can infuse substantial
error in IST compared to clear sky conditions.

Inthe polarregionswhenthereis 24 hoursofdaylightthereisnolST datainthe product,allthe
dataismappedintothe MOD29P 1D product. TheextentofIST coverageinatileexpandsand
contractswiththe length ofdaylightover polarregions. Perusingthe MOD29P1N browse
images when searching for data is away to see the extentand change in coverage.

MOD29E1D

The globaldaily Level-3seaice producthas seaice extentandice surface temperature (IST)in
the EASE-Grid polarprojectionsatapproximately 4 kmspatial resolution, Figure 3. Polar
projections for north and south poles are in the data product; data arrays have dimensions of
4501 x4501 grid cells. The product contains four SDSs with local attributes and global
attributes.
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Figure 3. Daily hemispheric seaice extent (left) and IST (right) both at 4 km resolution from
MOD29E1D.A2002143.006.2015054060612.hdf.

Algorithm Description

Inputtothe daily globalseaicealgorithmisthedailyseaice productMOD29P1D. Thereare
nominally 121 inputtilesforthe NorthernHemisphere and 76 forthe SouthernHemisphere.
Input data at approximately 1 km resolution are mapped to an input polar grid of 1 km
resolutionthenthatgridismapped ontothe outputgrid ofapproximately 4 kmresolution. The
output grid is based on the EASE-Grid projection. The gridded input observation nearest the
centerofanoutputgrid cellisassigned asthe outputvalue forthatgrid cell. Approximately
every fourth input grid cell is mapped into an output grid cell.

Quality Assessment

QAdatahasbeenomittedfromthisproductbecausethe purposeofthe productistogivea
general view of hemispheric seaice by compositing subsampled MOD29P 1D products.
Reporting of quality assessment data will probably change in a future version and be based on
further evaluation and validation of the product.

Scientific Data Sets

Sea_Ice by Reflectance NP and Sea_Ice_by Reflectance_SP
Extent of sea ice determined by reflectance characteristics is mapped in this SDS.
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The observation storedisthe one thatwas mappedintothe centerofthe outputgrid fromthe
input grid of daily tiled sea ice products. Local attributes are listed in Table 18.

Table 18. Local attributes for the Sea_Ice_by Reflectance NP and

Sea_lce_by Reflectance SP SDSs

Attribute Definition Value

name

long_name Long Name of the| Seaice by reflectance 4 km global North Pole grid OR Sea
SDS ice by reflectance 4 km global South Pole grid

units Slunitsofthe data | none

coordsys Coordinate system | Cartesian
to use for the data|

valid_range | Max and min 0-254
values of sea ice

_Fillvalue Used to fill gaps in| 255
the swath

Missing_value | For missing data | 0

Key Key to meaning of | 0=missing data 1=no decision 11=night 25=land 37=inland
data in the SDS | water 39=ocean 50=cloud 200=sea ice 253=n0 input tile

expected 254=nonproduction mask

Ice_Surface_Temperature_NP and Ice_Surface_Temperature_NP

Ice surface temperature (IST) inKelvinis mappedinthis SDS. The observation storedisthe one
thatwas mapped into the center ofthe output grid fromthe input grid of the daily tiled seaice
products. IST data are stored as scaled integers and mustbe de-scaled to degrees Kelvin using

local attributes:

IST (K) = scale_factor * (calibrated data — add_offset)
Valid range of IST is 210.00 — 313.20K. Local attributes are listed in Table 19.

Table 19 Localattributesforthelce_Surface_Temperature_NPandlIce_Surface_Temperature_SP

SDSs.
Attribute Name | Definition Value
long_name Long Name of Estimated sea ice surface temperature 4
the SDS km North Pole grid OR Estimated seaice
surface temperature 4 km South Pole grid
units Sl units of the | degree_Kelvin
data
format Datatypeand | F4.1
format
coordsys Coordinate Cartesian
systemto use for
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the data

valid_range MaxandminIST | 21000, 31300
values
_Fillvalue Used to fill gaps| 7
in the swath
Missing_value | Usedformissing | 0
data
scale_factor Scale factor of | 0.010000
calibrated data
scale_factor_err| Scale factor 0.000000
error of
calibrated data
add_offset Offset of 0.000000
calibrated data
add_offset_err | Offset error of | 0.000000
calibrated data
calibrated_nt | Data type of 23

calibrated data

Key

Key to meaning
of data in the
SDS

0.0=missing data 1.0=no decision 5.0 non-production
mask 7.0 tile fill 8.0 no input tile expected 11.0=night
25.0=land 37.0=inland water 39.0=open ocean 50.0=cloud
243.0-273.0 expected IST range 655.35=fill

Sea Ice and IST Evaluation and Errors

Thepurposeoftheglobal productistogiveadailysynopticmapofseaiceextentandIST by
re-gridding of L kmdatato4 kmresolution. Accuracy and errorareinherited fromtheinput
data product sequence.

Continuity offeaturesofseaice and IST may sometimes be lacking, especially inthe polar
summer season, because pixels come from different swaths, separated intime during which sea
ice and/or clouds could have moved.
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Appendix A

The MOD29 product metadata tables are given in this appendix. CoreMetadata.0,
ArchiveMetadata.0 and productspecific metadata objectsare global attributes containing
information about product inputs and outputs. StructMetadata.0 attribute contains information
about the swath geolocation and projection relevant to the granule.

New global attributes of identifier_product_doi and identifier_product_doi_authority may, in
the future, be used to find information about the product.

Table A.1. Listing of the swath structure metadata in MOD29.

StructMetadata.O
GROUP=SwathStructure
GROUP=SWATH_1
SwathName="MOD_Swath_Sea_lIce"
GROUP=Dimension
OBJECT=Dimension_1
DimensionName="Coarse_swath_lines 5km
Size=406
END_OBJECT=Dimension_1
OBJECT=Dimension_2
DimensionName="Coarse_swath_pixels_5km"
Size=271
END_OBJECT=Dimension_2
OBJECT=Dimension_3
DimensionName="Along_swath_lines_1km"
Size=2030
END_OBJECT=Dimension_3
OBJECT=Dimension_4
DimensionName="Cross_swath_pixels_1km
Size=1354
END_OBJECT=Dimension_4
END_GROUP=Dimension
GROUP=DimensionMap
OBJECT=DimensionMap_1
GeoDimension="Coarse_swath_pixels_5km"
DataDimension="Cross_swath_pixels_1km"
Offset=2
Increment=5
END_OBJECT=DimensionMap_1
OBJECT=DimensionMap_2
GeoDimension="Coarse_swath_lines_5km"
DataDimension="Along_swath_lines_1km"
Offset=2
Increment=5
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END_OBJECT=DimensionMap_2
END_GROUP=DimensionMap
GROUP=IndexDimensionMap
END_GROUP=IndexDimensionMap
GROUP=GeoField
OBJECT=GeoField_1
GeoFieldName="Latitude"
DataType=DFNT_FLOAT32
DimList=("Coarse_swath_lines 5km","Coarse_swath_pixels_5km"

END_OBJECT=GeoField_1
OBJECT=GeoField_2
GeoFieldName="Longitude"
DataType=DFNT_FLOAT32
DimList=("Coarse_swath_lines_5km","Coarse_swath_pixels_5km"
END_OBJECT=GeoField_2
END_GROUP=GeoField
GROUP=DataField
OBJECT=DataField_1
DataFieldName="Sea_lce_ by Reflectance"
DataType=DFNT_UINT8
DimList=("Along_swath_lines_1km","Cross_swath_pixels_1km")
END_OBJECT=DataField_1
OBJECT=DataField_2
DataFieldName="Sea_Ice_by Reflectance Pixel QA"
DataType=DFNT_UINT8
DimList=("Along_swath_lines_1km","Cross_swath_pixels_1km")
END_OBJECT=DataField_2
OBJECT=DataField_3
DataFieldName="Ice_Surface_Temperature"
DataType=DFNT_UINT16
DimList=("Along_swath_lines_1km","Cross_swath_pixels_1km")
END_OBJECT=DataField_3
OBJECT=DataField_4
DataFieldName="Ice_Surface_Temperature_Pixel QA"
DataType=DFNT_UINTS8
DimList=("Along_swath_lines_1km","Cross_swath_pixels_1km")
END_OBJECT=DataField_4
END_GROUP=DataField
GROUP=MergedFields
END_GROUP=MergedFields
END_GROUP=SWATH_1
END_GROUP=SwathStructure
GROUP=GridStructure
END_GROUP=GridStructure
GROUP=PointStructure
END_GROUP=PaintStructure
END
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Table A.2. MOD29 CoreMetadata.0 objects.

Object Name

Sample Value

Comment

LocalGranulelD

"MOD29.A2002143.2330.006
.2015054052706. "

Filename of product. Format is

EDST.Ayyyyddd.hhmm.vvv.yyyydddhh
mmss.hdf. Time in UTC.

ProductionDateTime

" 2015-02-23T05:27:09.000Z"

Date and time the file was produced.
Format is;
yyyy-mm-ddThh:mm:ss.sssZ

DayNightFlag

llDayll

Day means entire swath in daylight.
Both means that part of swath lies in

darkness. Night means entire swath in
darkness.

ReprocessingActual

"reprocessed"

Reprocessed means data has been
processed before. Processed once
means this is the first processing of
the data.

LocalVersionID

"SCF v5.0.1"

Version of algorithm delivered from
the SCF

ReprocessingPlanned

"further update is anticipated"

Expect that products will be
reprocessed one or more times.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.

AutomaticQualityFLag

"No automatic quality

No automated QA checks made

Explanation assessment done in the PGE | during execution of the algorithm.

AutomaticQualityFlag | "Passed” Default setting because no automated
QA checks are done.

SciencelQualityFlagEx | "See URL where updated information on

planation

http://landweb.nascom.nasa.g
ov/cgi-bin/QA_WWW/qgaFlag
Page.cgi?sat=terra for the
product Science Quality
status."

science QA should be posted.

QAPercentMissingDat | O Amount of L1B data missing from the
a swath.

QAPercentCloudCove | 56 Amount of ocean in the swath

r obscured by clouds.
ParameterName "Sea_lIce_by Reflectance" QA parameters given apply to the

listed data fields.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.

AutomaticQualityFLag

"No automatic quality

No automated QA checks made

Explanation assessment done in the PGE | during execution of the algorithm.

AutomaticQualityFlag | "Passed” Default setting because no automated
QA checks are done.

SciencelQualityFlagEx | "See URL where updated information on

planation

http://landweb.nascom.nasa.g
ov/cgi-bin/QA_ WWW/qaFlag

science QA should be posted.
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Page.cgi?sat=terra for the
product Science Quality
status.”

QAPercentMissingDat | O Amount of L1B data missing from the
a swath.

QAPercentCloudCove | 56 Amount of land in the swath obscured
r by clouds.

ParameterName "Ice_Surface_Temperature”

EquatorCrossingDate

"2002-05-23"

Orbital parameter.
Format;yyyy-mm-dd

EquatorCrossingTime

"23:53:44.033160"

Orbital parameter. Format;
hh:mm:ss:ssssss

OrbitNumber

12926

Orbital parameter.

EquatorCrossingLongi
tude

159.373272476172

Orbital parameter. Decimal degrees
format.

VersionlD 6 Indicates the EOSDIS Collection
ShortName "MOD29" ESDT name of product
GringPointLongitude (125.49597686, These latitude and longitude pairs of
-115.246974959087, points when connected in a clockwise
-154.782060627553, series form a polygon of the swath
155.999758646251) coverage. Always represents the outer
GringPointLatitude (85.6123825594459, ring of coverage.

70.9874250726339,
61.1984096590387,
68.0946492081388)

GringPointSequence (1,2,3,4)

No

ExclusionGRingFlag "N"

RangeEndingDate " 2002-05-23" Beginning and ending times of the first
RangeEndingTime " 23:35:00.000000" and last scan line in the swath.
RangeBeginningDate | " 2002-05-23" Formats are; yyyy-mm-dd
RangeBeginningTime | " 23:30:00.000000" hh:mm:ss.ssssss

PGEVersion "6.0.4" Version of production generation

executable.

InputPointer

("MODO021KM.A2002143.233
0.006.2014232003420.hdf",
"MOD35_12.A2002143.2330.
006.2014312092819.hdf",
"MODO03.A2002143.2330.006
.2012254203722.hdf")

Names of MODIS data input files.

AncillarylnputPointer

"MOD03.A2002143.2330.006
2012254203722 .hdf"

Name of the geolocation file.

AncillarylnputType "Geolocation” Type of ancillary data referenced by
pointer.

AssociatedSensorSho | “MODIS” Sensor name.

rtName

AssociatedPlatformSh | "Terra" Platform name.

ortName

AssociatedInstrument | "MODIS" Instrument and sensor name are the

ShortName

same.
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Product Specific
Attributes (PSA)

QAPERCENTGOODQ | 100 Summary quality of data range checks
UALITY done in the algorithm.
QAPERCENTOTHER | O

QUALITY

GRANULENUMBER 284 Unigue granule identifier
SEAICEPERCENT 40 Summary percentage of sea ice

detected (0 — 100).

identifier_product_doi

"10.5067/MODIS/MOD29.006

identifier_product_doi_
authority

"http://dx.doi.org"

Sources of additional information on
the product — not currently enabled.

Table A.3. MOD29 ArchiveMetadta.0 objects.

Object Name Typical Value Comment
AlgorithmPackageAcceptan | "05-2005" OAlgorithm
ceDate version
AlgorithmPackageMaturity | "Normal" information.
Code Format is
AlgorithmPackageName "MOD_PR29" mm-yyyy.
AlgorithmPackageVersion | "5"

InstrumentName "Moderate-Resolution Imaging Long name of
SpectroRadiometer" MODIS
Processing Center "MODAPS" MODIS Adaptive
Processing
System
ProcessingDateTime " 2015-02-23T05:27:09.000Z" Date of
processing.
Format is;
yyyy-mmddThh:m
M:Ss.SssZ
SPSOParameters "none" Not used.
LongName "MODIS/Terra Sea Ice Extent 5-Min L2 Descriptive name

Swath 1km"

of the product.
Maybe displayed
as the product
name in the EOS
data search tools.

LocallnputGranulelD

003420.hdf",
2819.hdf",

2.hdf")

("MOD021KM.A2002143.2330.006.2014232
"MOD35_12.A2002143.2330.006.201431209

"MODO03.A2002143.2330.006.201225420372

Names of MODIS
input files.

WestBoundingCoordinate

129.094778194461

Eastern, western,

NorthBoundingCoordinate

86.5772040075391

northern, and
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EastBoundingCoordinate

-115.248915123567

southern most

SouthBoundingCoordinate

61.4613111346721

points of the
swath. Format is
decimal degrees.

Processing Environment

"Linux minion5659 2.6.18-400.1.1.el5 #1

SMP Thu Dec 18 00:59:53 EST 2014 x86_64
x86_64 x86_64 GNU/Linux"

Location of
processing.

DESCRRevison

“6.0”

Descriptor file
associated with

the PGE.
Table A.4 MOD29 product specific global attributes.
Attribute Name Typical Value Comment
HDFEOSVersion HDFEOS V2.9 Version of HDF_EOS.
L1BCalibrationQuality marginal Quality indicators of
L1BMissionPhase EXECUTION MODO2HKMdata.
L1BNadirPointing Y
L1BVersionlID 2002-05-23 Version of theL1B
processing
algorithm.
L1BAutoQA _EV_1KM_RefsB | Suspect Result of

generalized quality
analysis of L1B data

SCF Algorithm Version

“$1d:MOD_PR29_AA...”

Internal SCF version
of the code
modules, obsolete.

identifier_product_doi

10.5067/MODIS/MOD29.0
06

identifier_product_doi_auth
ority

http://dx.doi.org

Sources of additional
information on the
product — not currently
enabled.

Appendix B

The MOD29P1D and MOD29P1N product metadata tables are given in this appendix.
CoreMetadata.0, ArchiveMetadata.0 and product specific metadata objects are global
attributes containing information about product inputs and outputs. StructMetadata.0 attribute
contains information about the grid and projection relevant to the tile.

Only a single listing is given for the day product, the night product has the same metadata
exceptthatthere is no seaice by reflectance data included.
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New global attributes of identifier_product_doi and identifier_product_doi_authority may, in
the future, be used to find information about the product.

Table B.1. Listing of the grid structure metadata in MOD29P1D.

StructMetadata.0 DFNT_CHARS
GROUP=SwathStructure
END_GROUP=SwathStructure
GROUP=GridStructure
GROUP=GRID_1
GridName="MOD_Grid_Seaice_1km"
XDim=951
YDim=951
UpperLeftPointMtrs=(-1430352.976500,2383921.627500)
LowerRightMtrs=(-476784.325500,1430352.976500)
Projection=GCTP_LAMAZ
ProjParams=(6371228,0,0,0,0,90000000,0,0,0,0,0,0,0)
SphereCode=-1
GridOrigin=HDFE_GD_UL
GROUP=Dimension
END_GROUP=Dimension
GROUP=DataField
OBJECT=DataField_1
DataFieldName="Sea_ Ice_by Reflectance"
DataType=DFNT_UINT8
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
END_OBJECT=DataField_1
OBJECT=DataField_2
DataFieldName="Sea_lIce by Reflectance_Spatial QA"
DataType=DFNT_UINT8
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
END_OBJECT=DataField_2
OBJECT=DataField_3
DataFieldName="Ice_Surface_Temperature"
DataType=DFNT_UINT16
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
END_OBJECT=DataField 3
OBJECT=DataField 4
DataFieldName="Ice_Surface_Temperature_Spatial_QA"
DataType=DFNT_UINTS8
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
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END_OBJECT=DataField_4
END_GROUP=DataField
GROUP=MergedFields
END_GROUP=MergedFields

END_GROUP=GRID_1
END_GROUP=GridStructure
GROUP=PointStructure
END_GROUP=PaintStructure
END

Table B.2. MOD29P1D CoreMetadata.O objects.

Object Name Sample Value

Comment

LocalGranulelD "MOD29P1D.A2002143.h08v
07.006.2015054055253.hdf"

Filename of product. Format is

EDST.Ayyyyddd.hhmm.vvv.yyyydddhh
mmss.hdf. Time in UTC.

ProductionDateTime "2015-02-23T05:52:57.000Z"

Date and time the file was produced.
Format is;
yyyy-mm-ddThh:mm:ss.sssZ

DayNightFlag "Day"

Day means entire swath in daylight.
Both means that part of swath lies in
darkness. Night means entire swath in
darkness.

ReprocessingActual "reprocessed"

Reprocessed means data has been
processed before. Processed once
means this is the first processing of
the data.

LocalVersionID "SCF 5.0.0"

Version of algorithm delivered from
the SCF

ReprocessingPlanned | "further update is anticipated"

Expect that products will be
reprocessed one or more times.

ScienceQualityFlag "Not Investigated"”

See ScienceQualityFlagExplanation
for current information.

AutomaticQualityFLag | "No automatic quality
Explanation assessment done in the PGE

No automated QA checks made
during execution of the algorithm.

AutomaticQualityFlag | "Passed”

Default setting because no automated
QA checks are done.

SciencelQualityFlagEx | "See

planation http://landweb.nascom.nasa.g
ov/cgi-bin/QA_WWW/gaFlag
Page.cgi?sat=terra for the
product Science Quality
status."

URL where updated information on
science QA should be posted.

QAPercentMissingDat | 0
a

Amount of L1B data missing from the
tile.

QAPercentCloudCove | 11
r

Amount of ocean in the tile obscured
by clouds.
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ParameterName

"Ice_Surface_Temperature”

QA parameters given apply to the
listed data fields.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.

AutomaticQualityFLag

"No automatic quality

No automated QA checks made

Explanation assessment done in the PGE | during execution of the algorithm.

AutomaticQualityFlag | "Passed” Default setting because no automated
QA checks are done.

SciencelQualityFlagEx | "See URL where updated information on

planation

http://landweb.nascom.nasa.g
ov/cgi-bin/QA_ WWW/qaFlag
Page.cgi?sat=terra for the

product Science Quality
status."

science QA should be posted.

QAPercentMissingDat | 2 Amount of L1B data missing from the
a swath.

QAPercentCloudCove | 11 Amount of land in the swath obscured
r by clouds.

ParameterName "Sea_lce_by Reflectance"

EquatorCrossingDate

"2002-05-23"

These are
reported for all

Orbital parameter.
Format;yyyy-mm-

dd orbit tracks
EquatorCrossingTime | "23:53:44.033160" Orbital parameter. | mapped into a

Format; tile, there may be

hh:mm:ss:ssssss | 1 to many orbits.
OrbitNumber 12926 Orbital parameter.

EquatorCrossingLongi
tude

159.373272476172

Orbital parameter.
Decimal degrees
format.

VersionlD

6

Indicates the EOSDIS Collection

ShortName

"MOD29P1D"

ESDT name of product

InputPointer

("MOD29PGD.A2002143.h08
v07.006.2015054055246.hdf"

“MODPTPGD.A2002143.h08
v07.006.2015054055057.hdf"

:'MODMGPGD.A2002143.h08
v07.006.2015054055144.hdf"
)

Data product input files.

GringPointLongitude

(-149.036243467926,
-168.69006752598,
-161.565051177078, -135.0)

GringPointLatitude

(64.7960762144739,
68.0022229499443,
76.4093548376422,
71.7316687660085)

GringPointSequence
No

(1,2,3,4)

These latitude and longitude pairs of
points when connected in a clockwise
series form a polygon of the grid
coverage. Always represents the outer
ring of coverage.
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ExclusionGRingFlag

IINII

RangeEndingDate " 2002-05-23" Beginning and ending times of the
RangeEndingTime " 23:35:00.000000" earliest and latest swaths mapped into
RangeBeginningDate | " 2002-05-23" the tile. Formats are; yyyy-mm-dd
RangeBeginningTime | " 00:25:00.000000 " hh:mm:ss.ssssss

PGEVersion "6.0.0" Version of production generation

executable.

AncillarylnputPointer

"MODO03.A2002143.2330.006
.2012254203722.hdf"

Name of the geolocation file.

AncillarylnputType "Geolocation” Type of ancillary data referenced by
pointer.
AssociatedSensorSho | “MODIS” Sensor name.
rtName
AssociatedPlatformSh | "Terra" Platform name.
ortName
AssociatedInstrument | "MODIS" Instrument and sensor name are the
ShortName same.
Product Specific
Attributes (PSA)
QAPERCENTGOODQ | 56 Summary quality of data range checks
UALITY done in the algorithm.
QAPERCENTOTHER | 44
QUALITY
HORIZONTALTILENU | 08 Tile coordinates in longitude direction
MBER (NP:0-
18, SP 0-18)
VERTICALTILENUMB | 07 Tile coordinates in latitude direction
ER (NP:0-18,
SP 20-38)
TilelD 31008007 Format is;pshhhvvv
p — projection code
s — size (1 is full size)
hhh — horizontal tile number
vvv — vertical tile number
SEAICEPERCENT 2 Summary percentage of sea ice

detected (0 — 100).

identifier_product_doi

"10.5067/MODIS/MOD29P1D
.006"

identifier_product_doi_
authority

"http://dx.doi.org"

Sources of additional information on
the product — not currently enabled.

Table B.3. MOD29P1D or MOD29P1N ArchiveMetadta.O objects.

Object Name Typical Value Comment
CHARACTERISTICBINANG | 71.7250539598207

ULARSIZE

CHARACTERISTICBINSIZE | 1.00270100e+03

GEOANYABNORMAL "False"

GEOESTMAXRMSERROR 50.0 Estimated
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maximum

error in
geolocation of
the data in
meters.

DATACOLUMNS 951

DATAROWS 951

GLOBALGRIDCOLUMNS 18069

GLOBALGRIDROWS 18069

NUMBEROFOVERLAPGRA | 15 Number of

NULES staged
granules that
were mapped
into this tile.

NUMBEROFINPUTGRANUL | 30 Total number

ES Of MOD29 input
granules
staged.

COVERAGECALCULATION | "volume"

METHOD

AlgorithmPackageAcceptanc | "10-2004" Algorithm

eDate version

AlgorithmPackageMaturityCo | "Normal” information.

de Format is

AlgorithmPackageName "MOD_PR29A1" mm-yyyy.

AlgorithmPackageVersion "5"

LongName "MODIS/Terra Sea Ice Extent Daily L3 Descriptive

Global 1km EASE-Grid Day" name of the

product. Maybe
displayed as the
product name in
the EOS data
search tools.

InstrumentName "Moderate Resolution Imaging Long name of
SpectroRadiometer” MODIS
PLATFORMSHORTNAME “Terra”

LOCALINPUTGRANULEID

"MOD29PGD.A2002143.h08v07.006.20150
54055246.hdf,
MODMGPGD.A2002143.h08v07.006.20150
54055144 .hdf,

MODPTPGD.A2002143.h08v07.006.20150
54055057.hdf"

Input products.

Processing Center

"MODAPS"

MODIS Adaptive
Processing
System

ProcessingDateTime

"2015-02-23T05:52:53.000Z"

Date of
processing.
Format is;
yyyy-mmddThh:
mMm:ss.sss”Z
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SPSOParameters "none" Not used.
LocallnputGranulelD ("MOD021KM.A2002143.2330.006.201423 | Names of
2003420.hdf", MODIS input
"MOD35_12.A2002143.2330.006.20143120 | files.
92819.hdf",
"MODO03.A2002143.2330.006.20122542037
22.hdf")

NorthBoundingCoordinate 76.4093548376422 Bounding

SouthBoundingCoordinate 64.7960762144739 rectangle of tile.

EastBoundingCoordinate -135.0 Format is

WestBoundingCoordinate -168.69006752598 decimal degrees.

Processing Environment "Linux minion5679 2.6.18-400.1.1.el5 #1 Location of

SMP Thu Dec 18 00:59:53 EST 2014 processing.
x86_64 x86_64 x86_64 GNU/Linux"

DESCRRevison “6.0” Descriptor file
associated with
the PGE.

Table B.4. MOD29P1D or MOD29P1N product specific global attributes.

Attribute Typical Value Comment

Name

HDFEOS | HDFEOS V2.17 Version of HDF_EOS.

Version

MOD29In | MOD29.A2002143.0025.006.2015054052444.hdf, MOD2 | Listing of the MOD29

putGranul | 9.A2002143.0200.006.2015054052252.hdf, MOD29.A200 | input products.

eNames 2143.0205.006.2015054052252.hdf,MOD29.A2002143.0
335.006.2015054052539.hdf,MOD29.A2002143.0340.00
6.2015054052523.hdf, MOD29.A2002143.0515.006.2015
054052617.hdf, MOD29.A2002143.0650.006.2015054052
436.hdf, MOD29.A2002143.0655.006.2015054052729.hdf
,MOD29.A2002143.0830.006.2015054052518.hdf, MOD2
9.A2002143.0835.006.2015054053027.hdf, MOD29.A200
2143.1010.006.2015054053010.hdf,MOD29.A2002143.2
015.006.2015054052808.hdf,MOD29.A2002143.2150.00
6.2015054052714.hdf, MOD29.A2002143.2155.006.2015
054052743.hdf,MOD29.A2002143.2330.006.2015054052
706.hdf

SCF “$ld:MOD_PR29A1_...” Internal SCF version

Algorithm of the code modules,

Version obsolete.

identifier | 10.5067/MODIS/MOD29P1D.006 Sources of additional

product d information on the

o] product — not currently

identifier_ | http://dx.doi.org enabled.

product_d

oi_authorit

y
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Appendix C

The MOD29E1D product metadata tables are given in this appendix. CoreMetadata.0,
ArchiveMetadata.0 and productspecific metadata objects are global attributes containing
information about product inputs and outputs. StructMetadata.0 attribute contains information
about the hemisphericprojection.

New global attributes of identifier_product_doi and identifier_product_doi_authority may, in
the future, be used to find information about the product.

Table C.1. Listing ofthe grid structure metadatain MOD29E1D.
StructMetadata.0 DFNT_CHARS8
GROUP=SwathStructure
END_GROUP=SwathStructure
GROUP=GridStructure
GROUP=GRID_1
GridName="MOD_Grid_Seaice_4km_North"
XDim=4501
YDim=4501
UpperLeftPointMtrs=(-9026314.402000,9026314.402000)
LowerRightMtrs=(9026314.402000,-9026314.402000)
Projection=GCTP_LAMAZ
ProjParams=(6371228,0,0,0,0,90000000,0,0,0,0,0,0,0)
SphereCode=0
GridOrigin=HDFE_GD_UL
GROUP=Dimension
END_GROUP=Dimension
GROUP=DataField
OBJECT=DataField_1
DataFieldName="Sea_Ice_by Reflectance NP"
DataType=DFNT_UINT8
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
END_OBJECT=DataField_1
OBJECT=DataField_2
DataFieldName="Ice_Surface_Temperature_NP"
DataType=DFNT_UINT16
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE

46



DeflateLevel=9
END_OBJECT=DataField_2
END_GROUP=DataField
GROUP=MergedFields
END_GROUP=MergedFields
END_GROUP=GRID 1
GROUP=GRID_2
GridName="MOD_Grid_Seaice_4km_South"
XDim=4501
YDim=4501
UpperLeftPointMtrs=(-9026314.402000,9026314.402000)
LowerRightMtrs=(9026314.402000,-9026314.402000)
Projection=GCTP_LAMAZ
ProjParams=(6371228,0,0,0,0,-90000000,0,0,0,0,0,0,0)
SphereCode=0
GridOrigin=HDFE_GD_UL
GROUP=Dimension
END_GROUP=Dimension
GROUP=DataField
OBJECT=DataField_1
DataFieldName="Sea_Ice_by Reflectance_SP"
DataType=DFNT_UINTS8
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
END_OBJECT=DataField_1
OBJECT=DataField_2
DataFieldName="Ice_Surface_Temperature_SP"
DataType=DFNT_UINT16
DimList=("YDim","XDim")
CompressionType=HDFE_COMP_DEFLATE
DeflateLevel=9
END_OBJECT=DataField_2
END_GROUP=DataField
GROUP=MergedFields
END_GROUP=MergedFields
END_GROUP=GRID_2
END_GROUP=GridStructure
GROUP=PointStructure
END_GROUP=PointStructure
END
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Table C.2. MOD29E1D CoreMetadata.0 objects.

Object Name

Sample Value

Comment

ReprocessingPlanned

"further update is anticipated"

Expect that products will be
reprocessed one or more times.

ReprocessingActual "reprocessed" Reprocessed means data has been
processed before. Processed once
means this is the first processing of
the data.

LocalGranulelD "MOD29E1D.A2002143.006. | Filename of product. Format is

2015054060612.hdf"

EDST.Ayyyyddd.hhmm.vvv.yyyydddhh
mmss.hdf. Time in UTC.

DayNightFlag

llDayn

Day means entire swath in daylight.
Both means that part of swath lies in

darkness. Night means entire swath in
darkness.

ProductionDateTime

"2015-02-23T06:06:12.000Z"

Date and time the file was produced.
Format is;
yyyy-mm-ddThh:mm:ss.sssZ

LocalVersionID

"SCF Vv5.0.0"

Version of algorithm delivered from
the SCF

PARAMETERNAME

"Sea_lIce_by Reflectance N
PII

AutomaticQualityFlag

"Passed”

Default setting because no automated
QA checks are done.

AutomaticQualityFLag
Explanation

"No automatic quality
assessment done in the PGE

No automated QA checks made
during execution of the algorithm.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.

SciencelQualityFlagEx
planation

"See
http://landweb.nascom.nasa.g
ov/cgi-bin/QA_ WWW/qaFlag
Page.cgi?sat=terra for the
product Science Quality
status."

URL where updated information on
science QA should be posted.

QAPercentMissingDat | O Amount of L1B data missing from the
a tile.

QAPercentCloudCove | 35 Amount of ocean in the hemisphere
r obscured by clouds.
ParameterName "Ice_Surface_Temperature_N | QA parameters given apply to the

PII

listed data fields.

AutomaticQualityFlag

"Passed”

Default setting because no automated
QA checks are done.

AutomaticQualityFLag
Explanation

"No automatic quality
assessment done in the PGE

No automated QA checks made
during execution of the algorithm.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.
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SciencelQualityFlagEx
planation

"See
http://landweb.nascom.nasa.g
ov/cgi-bin/QA_WWW/gaFlag
Page.cgi?sat=terra for the
product Science Quality
status."

URL where updated information on
science QA should be posted.

QAPercentMissingDat | 1 Amount of L1B data missing from the
a swath.

QAPercentCloudCove | 35 Amount of land in the swath obscured
r by clouds.

ParameterName "Sea_lce_by Reflectance_S

PII

AutomaticQualityFlag

"Passed”

Default setting because no automated
QA checks are done.

AutomaticQualityFLag
Explanation

"No automatic quality
assessment done in the PGE

No automated QA checks made
during execution of the algorithm.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.

SciencelQualityFlagEx
planation

"See
http://landweb.nascom.nasa.g
ov/cgi-bin/QA_WWW/gaFlag
Page.cgi?sat=terra for the
product Science Quality
status."

URL where updated information on
science QA should be posted.

QAPercentMissingDat | 22 Amount of L1B data missing from the
a swath.

QAPercentMissingData
QAPercentCloudCove | 56 Amount of land in the swath obscured
r by clouds.

QAPercentCloudCover
ParameterName "Ice_Surface

Temperature SP"

AutomaticQualityFlag | "Passed” Default setting because no automated

QA checks are done.

AutomaticQualityFLag
Explanation

"No automatic quality
assessment done in the PGE

No automated QA checks made
during execution of the algorithm.

ScienceQualityFlag

"Not Investigated"

See ScienceQualityFlagExplanation
for current information.

SciencelQualityFlagEx
planation

"See
http://landweb.nascom.nasa.g
ov/cgi-bin/QA_WWW/gaFlag
Page.cgi?sat=terra for the

product Science Quality
status.”

URL where updated information on
science QA should be posted.

QAPercentMissingDat | O Amount of L1B data missing from the
a swath.
QAPercentCloudCove | 65 Amount of ocean in the swath

r

obscured by clouds.
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ShortName "MOD29E1D" ESDT name of product

VersionlD 6 Indicates the EOSDIS Collection

InputPointer MOD29P1D* Listing of all the MOD29P1D products
for the day.

LOCALITYVALUE "Global"

NORTHBOUNDINGC | 90.0

OORDINATE

SOUTHBOUNDINGC | -90.0

OORDINATE

EASTBOUNDINGCO | 180.0

ORDINATE

WESTBOUNDINGCO | -180.0

ORDINATE

RangeBeginningTime | " 00:00:00" Beginning and ending times of the

RangeEndingTime " 23:59:59" earliest and latest data mapped.

RangeBeginningDate | " 2002-05-23" Formats are; yyyy-mm-dd hh:mm:ss

RangeEndingDate " 2002-05-23"

PGEVersion "6.0.1" Version of production generation
executable.

AssociatedSensorSho | “MODIS” Sensor name.

rtName

AssociatedPlatformSh | "Terra" Platform name.

ortName

AssociatedInstrument | "MODIS" Instrument and sensor name are the

ShortName

same.

identifier_product_doi

"10.5067/MODIS/MOD29E1D
.006"

identifier_product_doi_
authority

"http://dx.doi.org"

Sources of additional information on
the product — not currently enabled.

Table C.3. MOD29E1D ArchiveMetadta.0 objects.

Object Name Typical Value Comment
GLOBALGRIDCOLUMNS 4501
GLOBALGRIDROWS 4501
NUMBEROFINPUTGRANULES 197 Total number
Of MOD29P1D input
granules.
AlgorithmPackageAcceptanceDate "12-2004" Algorithm version
AlgorithmPackageMaturityCode "Normal" information.
AlgorithmPackageName "MOD_PR29E1"
AlgorithmPackageVersion "5"
LongName "MODIS/Terra Sea Ice Descriptive name of
Extent and IST Daily L3 the product. Maybe
Global 4km EASE-Grid Day" | displayed as the
product name in the
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EOS data search
tools.

InstrumentName "Moderate Resolution Long name of MODIS
Imaging SpectroRadiometer"
PLATFORMSHORTNAME “Terra”

Processing Center

"MODAPS"

MODIS Adaptive
Processing System

ProcessingDateTime

"2015-02-23T01:06:09.0000
00Z"

Date of processing.
Format is;
yyyy-mm-ddThh:mm:s
S.SSsZ

SPSOParameters

nnonell

Not used.

DESCRRevison

“6.0"

Descriptor file
associated with the
PGE.

Processing Environment "Linux minion5688 Location of
2.6.18-400.1.1.el5 #1 SMP processing.
Thu Dec 18 00:59:53 EST
2014 x86_64 x86_64 x86_64
GNU/Linux"
CHARACTERISTICBINANGULARSIZ | 287.936014219062
E
CHARACTERISTICBINSIZE 4.01080400e+03
Table C.4. MOD29E1D product specific global attributes.
Attribute Typical Value Comment
Name
HDFEOS HDFEOS V2.17 Version of HDF_EOS.
Version
identifier_ | 10.5067/MODIS/MOD29E1D.006 Sources of additional
product_d information on the
oi product — not currently
identifier _ | http://dx.doi.org enabled.
product_d
oi_authorit
y
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