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Outlines

1. OVERVIEW OF MODIS DATA AND APPLICATIONS
O Near Real Time Global Environment and Disaster Monitoring using MODIS Data

2. UNDERSTAND MODIS DATA FORMAT
d MODIS Band Specifications
| HDF data format
a Scientific Data Sets (SDS)

3. ANALYSIS OF MODIS DATA LEVEL1B & LEVEL2

U MODIS Images Subsets from and tmosphere ear real-time apability for OS (
Goddard Space Flight Center, NASA (GSFC/NASA) Greenbelt, Maryland, USA —

L MODIS Images Subsets from evel 1 and tmosphere rchive and istribution ystem
( ), NASA (GSFC/NASA) Greenbelt, Maryland, USA —

J Geometric Correction of MODIS Level 1b and Level2

Practical Session:

To learn how to work with MODIS data of Level 1B and Level 2 using ENVI 4.x software

Materials (software, hardware and data) to be used @ practical session:
O  Computer with hard disk of at least 10 GB free space.
(Firefox, Google Chrome, etc.) and ENVI 4.x software
O  Sample MODIS Data are provided
and is necessary.
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OF MODIS DATA & APPLICATIONS




MODIS — Earth Observation System (EOS) Flagship
for Global/Regional Environment and Disaster Monitoring since 1999

http://modis.gsfc.nasa.gov/
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MODIS (or Moderate Resolution Imaging Spectroradiometer) is a key instrument aboard the Terra (EQS AM)
and Aqua (EOS PM) satellites. Terra's orbit around the Earth is timed so that it passes from north to south
across the equator in the marning, while Agua passes south to north aver the equatar in the afternoon. Terra
MODIS and Agua MODIS are viewing the entire Earth's surface ewvery 1 to 2 days, acquiring data in 36 spectral
bands, or groups of wawvelengths (see MODIS Technical Specifications). These data will improve our
About MODIS understanding of global dynamics and processes occurring on the land, in the oceans, and in the lower
atmosphere. MODIS is playing a vital rale in the development of validated, global, interactive Earth system
models able to predict global change accurately enough to assist policy makers in making sound decisions
cancerning the protection of our emdranment.
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MODIS Rapid Response System
MODIS Image Subsets — Terra Satellite Passes on Feb 13, 2012

McIDRS

Source: MODIS Rapid Response — LANCE (Feb 23, 2012)
Terra Satellite flight direction is shown by red arrow. The red dots show
the overpass time of each 5-min granule. Similarly as the yellow dots.




MODIS Rapid Response System
MODIS Image Subsets — Aqua Satellite Passes on Feb 13, 2012

ES FEBRUARY_13 2 . DAY 2C 3 (ALl TIMES IW UTC) McIDRS

Source: MODIS Rapid Response — LANCE (Feb 23, 2012)
Terra Satellite flight direction is shown by red arrow. The red dots show
the overpass time of each 5-min granule. Similarly as the yellow dots.




MODIS Rapid Response System

MODIS Image Subsets — Day and Night World Map — Day and
night MODIS 5-min granules (subsets)

Source: http://www.timeanddate.com/worldclock/sunearth.html (Feb 23,
2012)




MODIS Rapid Response System
Terra Orbit — Terra Passes — Terra MODIS Image Subsets

Terra Passes

NASA MODIS 5-min.

-{.ﬁ: Terra MODIS Sep 12
' 2001

15:15 UTC 15:20 UTC 15:25




MODIS Program in AIT since 2001
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» Geoinformatics Center, AIT, Thailand

MODIS Data Transfer from GIC, AIT (Thailand) to




Terra/Aqua MODIS Spectral Bands Specifications

: Band  Bandwidth? Spectral [Required Famase (Example)
Groups Radiance?® SNR? ' -
Eancclont noearoic 21.8 128 eq, Chiorophyll Abserption
24.7 201 Cloud and Yeg. Land Cover Trarsformation
Land /Cloud/Aerosols @ 35.3 243 Soil, Vegetation Differences
Properties 2a.0 228 Green Vegetation
5.4 T4 LeaffCanopy Differences
7.3 275 Snow/Cloud Differences
1.0 110 Land and Cloud Properties
Ocean Color/ 405 - 420 44.9 280 Chiorophyll
Phytoplankton/ 438 - 448 41.0 838 Chiorophyll
Biogeochemistry
483 - 423 32.1 302 Chlorophyll
526 - 536 27.9 754 Chlorophyll
@ |546 - S56 21.0 750 Sediments
G662 - 672 9.5 910 Sediments, Atmosphere
673 - 633 3.7 1087 Chlorophyll Fluorescence
743 - 753 10.2 86 Aerosol Properties
a6z - 877 6.2 516 serosal / Atmospheric Properties
Atmospheric 390 - 920 10.0 167 Cloud / Atmospheric Properties
Water Vapor ) 931 - 941 3.6 57 Cloud / Atmospheric Properties
lg 15 - 945 15.0 250 Cloud / Atmosphenc Properties
Mote:
D Land and Cloud Boundaries/Properties Bands
D Ocean Color Bands
[63] Atmosphere / Ocean Bands
Primary Usa Bandwidth® Fpnd:ral Required
Radiance?® NE[delta] T(K)*
Surface /Cloud 3.660 - 3.840 0.45{300K) 0.05 Sea Surface Temperature
Temperature 3.929 - 3,989 2.380335K) 2.00 Forest Finfraredes/ Volcanoes
3.929 - 3.989 0.67{300K) 0.07 Cloudy Surface Temperature
4.020 - 4.080 0.72¢300K) 0.07 Cloudy Surfsce Temperature
Atmospheric 4.433 = 4,498 0.17(250K) 0.25 Trosposhenc Temperature/Could Fraction
Temperature 4,482 - 4,549 0.58{27EK) 0.25 Trasposhens Temperature/Could Fraction
Cirrus Clouds 1.360 - 1.390 6.00 150{SNR) Cinfraredrus Cloud Detection
Water Vapor 6.535 - 6,895 1.16(240K) 0.25 Mid-Trosposheric Humidity
7.175 - 7.475 2.18(250K) 0.25 Upper-Trosposheric Humidity
Cloud Properties 2.400 - 8.700 9.58(300K) 0.05 Surface Temperature
Qzane 9.580 - 9.8680 3.69(250K) 0.25 Total Ozone
Surface /Cloud 10,780 - 11.280 9.55{300K) 0.05 Cloud/Surface Temperature
Temperature 11.770 - 12.270 8.94(300K) 0.05 Cloud Height and Surface Temperature
Cloud Top 13,185 - 13.485 4. 52(260K) 0.25 Cloud Height and Surface Fraction
Altitude 13,485 - 13,785 |3.76(250K) 0.25 Cloud Height and Surface Fraction
13,785 = 14.085 3.11¢240K) 0.25 Cloud Height and Surface Fraction
14,085 - 14.385 2.08(220K) 0.35 Cloud Height and Surface Fraction
fB,_anblg l_lu:i 19 are in nm; Bands 20 to 36 are in Jm Spatial Resolubon {in meter)
? Spectral Radiance values are (Wym#-pm-sr)
2 SHR = Signal-to-noisa ratio - -
* NE(deltz)T = Noise-equivalent temperature difference 280 Tonn
Note: Performance goal is 30-40% better than required




GIC/AIT Near Real time Automatic MODIS
Receiving, Processing, Archiving, Transferring and Distributing
\Systems Flowchart

‘!%
s;%\-.- Terra/Aqua

Atmospheric
§ - Air Quality,
; %x X-bard tananission - Cloud Cover, etc. Cryosphere
- Snow Cover, etc.
Receiving System
. L Ocean
. - Sea Surface Temperature,
Global/Regional Earth mgmmsrm 2 - Chlorophyll concentration,
Environment Monitoring | ( ‘ - etc.
MODIS -_Ei
Sl PROCESSING SYSTEM Lanc,l . Research &
- Active Fire, Applications
e -Vegetation Cover,
i -~ - Flooding , etc.
Processing Systems l’
= MODIS
ARCHIVING SYSTEM l el
-8 8 Terabyte
I_é‘ L MODIS Products ‘

=0 (Level 2, Level 3)
Backup System &=,

Archiving System L On-line Distributing
i | Systems
TRANSFERRING SYSTEM
1 ' MODIS Products
Level 1B,
Level 2,

(ETDA

NI (J GIC
vlapan) Level1B format Level 3

LevelO format Level1B format

Transferring Systems "

hitp:/ /www.geoinfo.aitac.th/modis/




Terra/Aqua MODIS Receiving, Archiving and Processing Systems
in Geoinformatics Center (GIC), AIT

 Operational since May 2001 — present
 More than 20,000 Scenes for Terra/Aqua(day and night)

- Covering 19 countries (South and Southeast Asia) Concept of Processing System:
* Products include: * Automatic
Land, Ocean, Atmosphere and Cryosphere disciplines * Near Real-time
- Most products are Standard NASA Products + Daily (6-8 image scenes/day)
* Mostly use NASA ATBD (Algorithm Theoretical Basic a * Online Product Access for 24 hours

Documents) for data processing
» Operating System : Linux (only!)

 Easy-to-use Data format Products

Receiving System

Backup Storage:
» External USB Hard disks (2.0 TB)
* DLT Tapes (40 Gigabytes)
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Terra/Aqua MODIS Processing System - Software

http://www.geoinfo.ait.ac.th/modis/modsoftware.php

e IMAPP 2.1
e MODISL1DB 1.7
e SIMAP 4.0
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Terra/Aqua MODIS Receiving Coverage in AIT

The Philippines, Taiwan, Indonesia (Kalimantan,
Sumatra and Java), Timor Leste, Malaysia (Malaya
and Sarawak), Brunei, Singapore, Vietnam, Laos,

Thailand, Cambodia, Myanmar, Southern half of China

(including Tibet), Easter part of Pakistan,
Bangladesh, Nepal, Bhutan, India and Sri Lanka

 Southern China and Andaman Seas
« Gulfs of Tonkin, Thailand and Bengal
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NASA Standard MODIS Products

Calibration

MO0 01 - Level-1A Radiance Counts
MO0 02 - Level-18 Calibrated Geolocated Radiances
MOD 03 - Gealocation Data Set

Atmosphere

Land

MO0 04 - Aerosol Product

MOD 05 - Total Precipitable Water 0dater Wapor
MOD 06 - Cloud Product

MO0 07 - Atmospheric Profiles

MO0 08 - Gridded Atmospheric Product

MOD 35 - Cloud Mask

MOD 09 - Surface Reflectance
MOD 11 - Land Surface Temperature & Emissivity
MO0 12 - Land CoverLand Cover Change

MO0 13 - Gridded Yegetation Indices (Max BNDW] & Integrated MW

MO0 14 - Thermail Anomalies, Fires & Biomass Burning
MOD 15 - Leaf Area Index & FPAR

MOD 16 - Evapotranspiration

MO0 17 - Met Photosvnthesis and Primare Productivity
MOD 43 - Surface Reflectance

MO0 44 - Vegetation Cover Caonversian

Cryosphere

& (oD 10- Snow Cover
& WOD 29- Sealce Cover

=]
7]
]
1]
=

Anostrom Exponent

Aeraosol Optical Thickness

Chlorophyll &

Crowereevelling diffuse attenuation coefficient at 490 nm
Level 2 Flags

Fhotosynthetically Available Radiation
Farticulate Inarganic Carbon
Farticulate Qrganic Carbon

Sea Surface Temperature Guality

Sea Surface Temperature Guality - 4um
Femote Sensing Reflectance

Sea Surface Temperature

Sea Surface Temperature 4um

MODIS Science Team
Calibration Discipline Group
* MODIS Characterization Support Team (MCST)

= http://www.mcst.ssai.biz/mcstweb/index.html

Land Discipline Group (including Snow/Ice Group)
* MODLAND
— http://modis-land.gsfc.nasa.gov/

Oceans Discipline Group
Ocean Color

— http://oceancolor.gsfc.nasa.gov/

Atmosphere Discipline Group
— http://modis-atmos.gsfc.nasa.gov/




MODIS Data Product on the Internet

CEE

— Geoinformatics Center, AIT
* http://www.geoinfo.ait.ac.th/modis/

— Sawada Laboratory, Institute of Industrial Sciences (11S),
University of Tokyo

* http://webmodis.iis.u-tokyo.ac.jp/
— MODIS Rapid Response System
* http://rapidfire.sci.gsfc.nasa.gov/

— Level 1 and Atmospheric Archive and Distribution System
(LAADS) Web

« ftp://ladsweb.nascom.nasa.gov/
* http://ladsweb.nascom.nasa.gov/
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WebMODIS - MODIS data processing on

s Al WWW
Institute of Industrial Science, University of Tokyo,
Japan




MODIS Products available in Geoinformatics Center, AIT

MODIS True Color

Active Fire Sea Surface Temperature ||

Chlorophyll-a

Concentration

Jaruary 09 2008 06 S8GMT

1. MODIS True Co

3.2 Chlorop

awe; NDVI 10-Day Composite

Last update : Sun Mar 7 10:53:05 ICT 2010 (Bangkok Time)

lor 250m resolution

2. Active Fire and Thermal Anomalies (MOD14)
3. Cloud Masking (MOD35)

4. Ocean Color Products :
3.1 Sea Surface Temperature (MOD28)

hyll-a Concentration (MOD21)

5. NDVI 10-Day Composite

17




10-Day Composite MODIS Imagery

Terra/Aqua MODIS NDVI 10-Day Composite Product of January 01-10, 2010

Teeraifque MODIS Normal Diffsrence Vegetalion indax (NOWT) 10-Day Composite - Jasumry 09-10, 2000

Quicklook [rgb]lagrav] - Download [binary] - Google Earth [kml]

Last update : Sun Mar 7 10:53:05 ICT 2010 (Bangkok Time)




MODIS Products under development in Geoinformatics Center, AIT

Land Surface Temperature (MOD11)

Land Surface Temperature (MOD11)
Surface Reflectance (MODOQ09)

Aerosol Optical Thickness (MODO04)
Burning Area

rproON=

Aerosol Optical Thickness (MODO04)

19
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Application of MODIS Active Fires and Aerosol Products
for Biomass Burning and Air Quality Monitoring in SE Asia

MODIS Fire Product(MOD14)
Aqua MODIS Day-time Scene March 25,2010 06:24GMT
%& 4 s 7 —

0 o5 100 105 110 113 120

Total Hotspot: 5160

Fire C Classes: L Il 93 ): 1820 H\gh(red) 3747

The product was generated using MODIS Active Fire Product (MOD14) Production Code, Version 4.3.2
at Geoinformatics Genter, Asian Institute of Technology, Bangkok, Thailand

Aerosol Optical Thickness (MODO04)

Agua MODIS 03 23, 20 1 LL0E
AOT at 0.5 o

Aqua MODIS March 25, 2010 06:24 GMT

20




Monitoring of Land Cover using MODIS imagery

o v e

Khammouan (Laos) and Nakhon Phanom Provinees (Thailand)
Terra MODIS April 10, 2009 03:50 GMT

Geoinformaties Center, Asian Institute of Technology
www.geoinfo.ait.ac.th/modisy
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Monitoring of Ocean Color using MODIS imagery

Chlorophyll-a Concentration extracted from Aqua
Gulf of Martaba M}"a\:unar ! MODIS of December 26, 2007 at 06:46 GMT in
of Tedhoay : the Southeast Asian region.(Source: GIC/AIT,

Thailand)

Sea Surface Temperature extracted from
Terra MODIS of January 22, 2010 at 04:43
W™ GMT in the Bay of Bengal.(Source:
&% GIC/AIT, Thailand)

The Ca Mau Peninsula, Vietnam




Typhoon/Tropical Cyclone Monitoring using MODIS

TROPICAL CYCLONE NARGIS

Terra/Aqua MODIS Time-Serie (April 27- May 03, 2008)

Aqua MODIS April 29, 2008 07:54 GMT

Aqua MODIS Aprll 27, 2008, 08: 06 GM'I‘

Terra MODIS May 01, 2008 04:35 GMT]|

Aqua MODIS May 02, 2008 06:46 GMT Tma MODIS May 03, 2008 04:25 GMT

Al A T L SIC”  Geoinformatics Center, Asian Institute of Technology, Bangkok, Thailand

STITUTE OF TECHNOLOC

Typhoon Chanthu Aqua MODIS JuIy 22, 2010
06:29 GMT (Source: GIC/AIT, Thailand)




Before Flooding

© 2010 05:45 GMT )

Reglonal Flood Monitoring using MODIS

Before Flooding

et Flooding in Pakistan (Terra MODIS on July 30, P FIoodlng in Bangladesh & Indla (Terra MODIS

(@'C. on Aug 02, 2010 04:43 GMT )




Monitoring of Volcano Eruption using MODIS imagery
Ash Plume from Eyijafjallajokull Volcano to Europe

F L AT e W R o
Ash Plume from Exjafjallajékull Volcano o Europe
Terra MCHIES, Apeil 15, 2010 11:35 GALT
Chconfommates Conter, Asisn Irstisuoe of Technology
wragein fnaitac i fmodis

Wilcainke sl fhainee acrim the Nosth Nilste fiom Eppsfalipitad Vidcan =2 poibaen ol siel bhoy
[ the Fne Rilindy wmwand Nort Enronean soonirio

MCHDES Dhars Source Level | and Apmosphese Archive sl Dasmbsamion: Syaem (LAALES N ASA /G

Eyjafjallajokull Volcano seen by Terra MODIS April 15,
2010 11:35 GMT (Source: GIC/AIT, Thailand)




MODIS Active Fire Monitoring System in Regional Level — South and Southeast Asia

MODIS Fire Product(MOD14)
Aqua MODIS Day-time Scene January 09,2008 06:58GMT
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MODIS Active Fire Monitoring & Visualization System in Regional Level
South and Southeast Asia
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MODIS Active Fire Monitoring System in Regional Level — South and Southeast Asia

Laos & Thailand - Aqua MODIS March 14, 2009 06:43 GMT




MODIS Active Fire Monitoring System in Regional Level — South and Southeast Asia

Sumatra (Indonesia) Aqua MODIS Oct. 06, 2006 06:34 GMT
Strong smoke from the wild fire location (shown by red arrow) are clearly visible

nnnnn




MODIS Active Fire Monitoring System in Regional Level — South and Southeast Asia

Kalimantan (Indonesia) Terra MODIS Nov. 04, 2006 02:59




MODIS Active Fire Monitoring System in Regional Level — South and Southeast Asia

Cambodia - Aqua MODIS January 20, 2008 06:40 GMT
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MODIS Active Fire Monitoring System in Regional Level — South and Southeast Asia

Myanmar & Thailand — Aqua MODIS March 22, 2008 06:52 GMT

ProductiMOD14)
ae March 22 2008 04 52GMT
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MODIS Active Fire Monitoring System in Global Region

Fire in Russia — Terra MODIS August 03, 2010 08:30 GMT




[Objective 2]
2. DEVELOPMENT

MODIS Active Fire Monitoring System
System for Monitoring in in National Level - Laos

Reglonal LeVeI Geog;?z?;c:ilxlglcsatloni Country filtering = Laos
[ J Flowchart of the Development

[Objective 1]
1. DEMONSTRATION

Spatial Data Processing System

From MODIS Fire Product to MODIS Fire Infarmation Syytem (MODIS-FIS)

et
1 wot rstocaton Fies HDF

Y
in. i

Admin. filtering = <District ,
Province}

| oe ————— e
|| oot

a . IZI Developed & opened to public
. Land use g = Ganduse |Zl Under development

b,
Existing MODIS Fire Information System A
Find the closest village to the
given fire pixel

ASTER, Landsat

i Tpny ] i e R Ll ol R e Rt o R

[Objective 3]
3. APPLICATIONS

System for Monitoring in
Country Level

High Resolution
Satellite Images

Database

.

| Web Server
Secondary data | (WEBG] S)
(Burn area records) |
¥ | Extended System
) for Laos
| Geographical Location
Estimation of Burn Area 4—'7 of fire pixals s .
| with administration location Terra ASTER spec|f|cat|ons
. - Instrument VNIR SWIR TIR
Burning Area
Est|mat|on Bands i-3 4-5 10-14
MODIS RGB 721 | Spatial Resolution 15m 30m S0m
y
I | Swath Width 60km 60km 60km
| Burn Area Mapping
| : Cross Track Pointing = 318km (= 24 deg) = 116km (* 8.55 deg) = 116km (£ 8.55 deg)
b Quantisation (bits) 2 g 12

Burn Area Estimation
(using fire geographical location from MODIS and
High-Resolution Sat. images}
Wed May 6 14:04:57 ICT 2009 - vivarad@ait.ac.th




Regional level
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MODIS Active Fire Monitoring System in National Level - Laos

National level
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RESULT PAGE 792 of 826
id date time daynight satellite lat lon ref2 T21 T31 Fp Fc district province country
23589 2010-03-07 06:37:00 Day Aqua  B0N2% 1038l 0.27 327.24 80 Xamnua Houaphan Laos
23590 2010-03-07 06:37:00 Day Aqua 20018 1081811 0.27 256.11 100 Houamuang Houaphan Laos
23591 2010-03-07 06:37:00 Day Agua 103081 0.27 345.81 100 Houamuang Houaphan Laos
23592 2010-03-07 06:37:00 Day Aqua 10808 0.27 265.02 100 Houamuang Houaphan Laos
23593 2010-03-07 06:37:00 Day Aqua 1030781 0.29 350.17 100 Houamuang Houaphan Laos
23594 2010-03-07 06:37:00 Day Aqua 108461 0.25 216.36 71 viengthong Bolikhamxai Laos
23595 2010-03-07 06:37:00 Day Aqua  20.03)10205810.24 320.18 80 Pakxeng  Louangphabang |Laos
23596 2010-03-07 06:37:00 Day Aqua {19087 102481 0.23 219.26 79 Houn Oudomxai Laos
23597 2010-03-07 06:37:00 Day Aqua 2000731 0.21 214.01 = 27 Xianghon  Xaignabouli Laos
23598 2010-03-07 06:37:00 Day Agua 10413410 0.24 213.8 66 Viengxai  Houaphan Laos
23599 2010-03-07 06:37:00 Day Aqua 10816210.26 212.2 52 Houamuang Houaphan Laos
23600 2010-03-07 06:37:00 Day Aqua 203088 0.27 210.77 33 Houamuang Houaphan Laos
23601 [2010-03-07 06:37:00 Day Aqua [102.86 0.26 334.80 96 Pakxeng  Louangphabang Laos
23602 2010-03-07 06:37:00 Day Aqua 102851 0.26 232.08 94 Pakxeng  Louangphabang Laos
23603 2010-03-07 06:37:00 Day Aqua  [HGNF7 1000731 0.18 322.01 83 Xianghon  Xaignabouli Laos
23604 2010-03-07 06:37:00 Day Aqua  20.0410215310.2 228.59 90 Pakxeng  Louangphabang |Laos
33605 2010-03-07_NE:37:0n N Aone BRSRALSRSIERL N 21 277 A1 21145 £7 1100 0atvana Il Aunnanhahang |Laos
23606 2010-03 . . . . . . Laos
12007 00005, ON-line Active Fire Distribution Database System | ..
| Laos

23608 2010-03
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Annual Distributions of Detected Active Fire in Laos
for March 2008, 2009 and 2010
(based on selected fire confidence of 90-100%)
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March 01-31, 2009
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March 01-31, 2010




MODIS Burning Area Monitoring System in Regional Level
South and Southeast Asia
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Vientiane
: Active Fire in Northern Laos
Nam Ngum B Aqua MODIS Masch 12, 2010 06:55 GMT
Reservoir 7 Geoinformatics Center, Asian Institute of Technology
wwwgeoinfoait.c.th/modis




MODIS Burning Area Monitoring System in Regional Level
South and Southeast Asia

w4 . ) T
- 8 . o A Burning area are shown in orange patches
.' e 7 i -

: e
Oudomxay ' # -

- " & Tt .
= e d

Luang Prabang

Xaygnabouri

Bolikhamxay
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- Active Fire and Burn Scar in Northern Laos
Nam Ngum Aqua MODIS March 12, 2010 06:55 GMT
Reservoir Geoinformatics Center, Asian Institute of Technology
www.gzeoinfo.ait.c.th/modis
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MODIS Data Level, Format and Structure

MODIS Data Level

Raw Data — Data in original packets as received from observer.

Level 0 - a sequence of CCSDS packets in standard Production Data Set or
PDS format

Level 1B Calibrated Radiance (1km, 500m and 250m)

— processed to sensor unit, radiometrically calibrated data stored with sub-
sampled geolocation data

-- Calibration of earth view raw MODIS digital counts into radiance values
Level 1B Geolocation - geolocation product that contains useful ancillary
products (geolocation parameters) such as position, sensor and solar angles
for each 1km pixel.

Level 2 — Derived Geophysical parameters in the location and resolution of
source data.

Level 3 (Grided vs. Tiled) — Variables mapped on uniformed space- time
grid scales, usually with some completeness and consistency.

MODIS Data Format

Hierarchical Data Format (HDF)
MODIS EOS-HDF vs. NCSA-HDF

Example of MODIS data in EOS-HDF format
MODIS Scientific Data Sets (SDS)
MODIS file name format (AIT, NASA)
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Hierarchical Data Format

HDF is common data and multi-object file format, developed by NCSA and
HDF Group to assist users, scientists and programmers to assist users in the
storing, sharing, transferring, distribution and manipulation of scientific
data across diverse operating systems and computer platforms, using
FORTRAN and C calling interfaces and utilities.

HDF is the standard data format for all NASA Earth Observing System (EOS)
data products.

Some important features of HDF are:

3.1 Self-describing: For each data object in an HDF file, there is also
information (or metadata) about the data type, size, dimensions and
location found within the file itself.

3.2 Extensibility: HDF is designed to accommodate future (new) data types
and data models.

3.3 Versatility: Currently, HDF supports different data types and provides
software and applications to read and write these data types in HDF,
e.g: Scientific Data sets which are Multi-dimensional integer or
floating point arrays.

3.4 Flexibility: HDF lets the user group, store, and read/write different data
types in the same file or in more than one file.

3.5 Portability: HDF software is mainly platform independent and can be
shared across most computer platforms.

3.6 Standardization: HDF standardizes the formats and descriptions of many
types of commonly- used data types (i.e., arrays, images, etc.).

3.7 HDF is available in the public domain.




From HDF to HDF-EOS

Each data object in an HDF data file - predefined tags identify the type, amount, and
dimensions of the data; and the file location of various objects. It also can
accommodate different data types, such as symbolic, numerical, and graphical data

Self-describing capability of HDF helps users to fully understand the file's structure
and contents from the information stored in the file itself. A program interprets and
identifies tag types in an HDF file and processes the corresponding data.

However, raster images and multidimensional arrays are often not geolocated.
Because many earth science data structures need to be geolocated, The HDF Group
developed the HDF-EOS (Hierarchical Data Format Earth Observation System) 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 context. The HDF-EQOS software
library allows a user to query or subset the contents of a file by earth coordinates and
time if there is a spatial dimension in the data. Tools that process standard HDF files
also read HDF-EOS files; however, standard HDF library calls cannot access geolocation
data, time data, and product metadata as easily as with HDF-EOS library calls.




From HDF to HDF-EOS

HDF-EOS supports three types of geolocation data types:

1.Point Data Types - Data, such as ship observation reports, that is irregularly spaced
in time and/or space.

2.Swath Data Types - Time-ordered satellite data which represents time sequences of
scan lines, profiles, or other array data.

3. Grid Data Types - Data that has been stored or can be represented on a regular
grid and is based on certain set earth/map projection (i.e., Mercator, Lambert
Conformal, etc..).




From HDF to HDF-EOS

& Global Attributes: 201003120655Aqua. 250m. hdf
File

Attribute #1: "HDFEOSVersion® ~
"HDFEOS W2 . 12"

Attribute #2: "Structldetadats. 0"
"GROUP=SwathStructures
GROUP=SWATH_1
SwathHane="HOLDIS SWATH Tvpe L1B"
GEOUP=Dimen=ion
CBJECT=Dimen=ion_1
Dimen=zionName="HBand 250"
Size=2
END OBJECT=Dimen=ion_1
CBJECT=Dimen=ion_2
DimensionHamne="40*n=scan="
Size=17200
END OBJECT=Dimen=ion_2
CBIJECT=Dimen=sion_3
DimcnzionHomcs—"4#Haox EY froamczs"
Size=L4la
END OBJECT=D[limen=s=ion_ 3
CBIECT=Dimen=ion_4
DimenzionName="10%*n=can="
Size=4300
END OBJECT=Dimen=ion_4
CBJECT=Dimen=ion_5
DimenszionName="Hax EV f{frame=z"
Size=1354
END OBJECT=Dimen=ion_5
EHD GROUP=Dimen=ion
GROUP=Dimen=sionlap
OBJECT=Dimen=sionMap 1
Geolinen=szion="10*n=can="
Datalimension="40*nscans"
Dff=st=1
Increment=4




From HDF to HDF-EOS

& Dataset Attributes: 201003120655Aqua. 250m. hdf
File:

Data=zet #3. Earth View 250H Eeflectiwve Solar Bands Scaled Integers -
Dim=: UINT (541e = 17200 = 23

Attribute 3-1: "long _name"
"Earth View 250M Reflectiwve Solar Bands Scaled Integers"

Attribute 3-2: "unit=s"
"none"

Attribute 3-3: "walid_ranges"

0, 32767
Attribute 3-4: "_FillValu="
65535
Attribute 3-5: "band names"
bl
Attribute 3-f: "radiance scales"

0.02676220, 0.00903813

Attribute 3-7: "radiance off=ets"
—0.00000000, —-0.00000000

Attribute 3-8: "radiance units"
"Tatt=n" 2 micromster-steradian"

Attribute 3-9: "reflectance_scales"
0.000051e2. 0.00002228

Attribute 3-10: "reflectance off=e=t="
—0.00o000000, —-0.00000000

Attribute 3-11: "reflectance units"
"none"

Attribute 3-12: "corrected count=s _scales" e




MODIS Data Level, Format and Structure
Viewing MODIS Data format — Hierarchical Data Format (HDF) using HDF Viewer

w HDFView - D:\200902040307Terra.250m.hdf (=13
File Obhject Table Image Window Tools Help

= i e & @

200902040207 Terra. 250m.hdf

¢ @MODIS_SWATH_Type_L 1B || || B Tableview - D:1200002040307 Terra.250m.hdf - MODIS_SWATH_Type_L 1B/Data FieldsEV_.. & D3
¢ @ Geolocation Fields 1 2 3 4 A & 7
- : 1 47e2 4707 727 4865 41538 4809 4995
& Latltqde : 2 |geas FRE BESY BaTE a063 9186 8208
B Longitude

¢ @ Data Fields
B EY 250 RefSB
B EY 250 RefSB_Uncert_Indexes
Band_250m
@ Swath Attributes
8 MNoise in Thermal Detectors
8 Change in relative responses of thermal detectars
8 DC Restore Change for Thermal Bands
8 DC Restore Change for Reflective 250m Bands
i DC Restore Change for Reflective 500m Bands
f DC Restore Change for Reflective 1km Bands
Level 1B Swath Metadats <«

AL IS Ul T A LWL T —
FableView— 0200902040307 Terra. 2580m. hdf - MODIS_SWATH_Type_L1B/Data Fields/EV_250_RefSE [ dims0x1x2, star0x0x0, count2x BE00x1, stride1xlxl |

ahleYiew - DA200902040307Terra. 2680m. hf - fLevel 1B Swath Metadata [ dims0, startd, count415, stride? |




MODIS Data Level, Format and Structure
Viewing of MODIS Scientific Data Set (SDS) using HDF Viewer

w HDFView - D:\200902040307Terra.250m.hdf
File Obhject Table Image Window Tools Help

2 ke € me

200902040207 Terra. 250m.hdf

¢ @MODIS_SWATH Type L1B R TableView - D:200902040307 Terra.250m.hdf - MODIS_SWATH_Type_L 1B/Data FieldsEY_.. = [
¢ @ Geolocation Fields 1 2 3 4 5 B 7
BLaue 4 e S R S R I R
B Longitude -
¢ @ Data Fields Fia
BEYV 250 RefSh - 67—
BEV 250 RefSB Uncert Indexes o
Band_250m E
@ Swath Attributes g—
B Moise in Thermal Detectors B7
8 Change in relative responses of thermal detectars g—
8 DC Restore Change for Thermal Bands 67
8 DC Restore Change for Reflective 250m Bands |51
8 DC Restore Change for Reflective 500m Bands E—
& DC Restore Change for Reflective 1km Bands 67
Level 1B Swath Metadata g—

B

ahleYiew - DA200902040307Terra. 2680m. hf - fLevel 1B Swath Metadata [ dims0, startd, count415, stride? |

AL IS Ul T A LWL T
FableView— 0200902040307 Terra. 2580m. hdf - MODIS_SWATH_Type_L1B/Data Fields/EV_250_RefSE [ dims0x1x2, star0x0x0, count2x BE00x1, stride1xlxl |
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MODIS Scientific Data Set (SDS) for 250m, 500m and 1000m spatial resolutions

MODIS Data Level, Format and Structure

KM HE M 1KM
Index | Band SDS name Index | Band SDS name Index | Band SDS name
1 1 Bv_250_RefsE |1 1 EV_250_ AggrS00_RefSB | 1 ol EV_250_Aggr_1KM_RefSB
2 2 EV 250 RefSBE |2 2 EV_250 AggrS00 RefSB | 2 2 EV_250 Aggr 1KM RefSB
1 3 BV _500_RefSB 1 3 BV _500_Aggr 1KM_RefSB
2 4 EV_500_RefSB 2 4 EV_500_Aggr 1KM_RefSB
3 5 EV_500_RefsB 3 5 EV_500_Aggr_1KM_RefSB
4 6 EV_S500_RefSB 4 6 EV_500_Aggr 1KM_RefsB
i 7 EV_500_RefSB 5 7 EV_500_Aggr_1KM_RefSB
1 8 EV_1KM_RefSB
2 9 EV_1KM RefSB
3 10 EV_1KM_RefSB
R 11 EV_1KM_RefSB
5 12 EV_1KM_RefSB
] 13L | EV_1KM RefsB
7 13 H | EV_1KM_RefSB
8 14 L | BY_1KM_RefSB
Q 14 H | BY 1KM_RefSB
10 15 EV_1KM_RefSB
11 16 EV_1KM_RefSB
12 17 EV_1KM_RefSB
13 18 EV_1KM_RefsB
14 19 BY_1KM_RefSB
15 26 EV_1KM_RefSB
1 20 EV_1KM_Emissive
2 21 EV_1KM_Emissive
3 22 EV_1KM_Emissive
L 23 EV_1KM_Emissive
3 24 EV_1KM_Emissive
] 25 EV_1KM_Emissive
7 27 EV_1KM_Emissive
8 28 EV_1KM_Emissive
Q 29 EV_1KM_Emissive
10 30 EV_1KM_Emissive
11 31 EV_1KM_Emissive
12 32 EV_1KM_Emissive
13 33 EV_1KM_Emissive
14 34 EV_1KM_Emissive
15 35 BY_1KM_Emissive
16 36 EV_1KM_Emissive
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MODIS Data Level, Format and Structure

MODIS file name format

GIC/AIT: Terra MODIS of Feb 23, 2009 03:37 GMT
200902230337Terra.1000m.hdf
200902230337Terra.500m.hdf
200902230337Terra.250m.hdf
200902230337Terra.geo.hdf

— NRT

NASA: Terra MODIS of Feb 20, 2009 03:00/GMT
MODO021KM.A2009051.0300.005 20090511333501hdf
MODO02HKM.A2009051.0300.005.2009051133350.hdf
MOD02QKM.A2009051.0300.005.2009051133350.hdf
MODO03.A2009051.0300.005.2009051115557.hdf
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MODIS Rapid Response System @ NASA/GSFC
https://earthdata.nasa.gov/data/near-real-time-data

Near Real-Time Data

Terra
2011062
03/03/11
08:15UTC

Pixel size:

EOSDIS &5 : & . S 2km
|
|

@

Ahternate
pixel size:
4km

----------- e i Tieme Onin

ar REGI'TiITIE DCI'CI land Atmosphers Mear Real-ime Copability for EOS

bl Fluss T st e | Dae - P Pyt Dot

Whiat is Near Real-Time Data?

than ¥ howrs fom sby ) from the MODIS, OM1, AIRT. eed MLS
Imatrummaney srn wleed by LANCE, Tha Land Almsaphars Near real time Capabity for EOE (LANCE) vipparts sppcation avers
IreErESted 0 mORADING SR8 ATAlEING § wedE Rty Of RRTA Nd MAR-MAdE phEnsmEnE

Flogetss 16 than downloading dats.

Hew da | gof startedT

» bt
» Plattssm
» hpplicatian

-

B oo

L
Bands 1-4-3
(true colar

Download Level-1B and Geolocation data from the LAADS FTP Site:

MODOZ21KMAZ011062.0815.005.2011082181130.hdf
MODO2HKM A2011062.0815.005.2011062181130.hdf
MODOZQKM.AZ011062.0815.! 110621811 30.hdf
MOD03 A2011062.0815.005.2

order at the LAADS Web Site (please be patient) for these files and other
ding level-2 atmosphere products. Mote that recent granules processed
LAADS yet

Alternatively you can follow this link to plas
MODIS products correspaonding ta this granule,
by the Rapid Response Systern may not be processi

Flease be aware thatthe Callactinn & data fram | AANS 1 LHNE Thic sill b when using

 most HOF uilies, Download MODIS Leve|1 B data




TaLki ata.r

E() q D I g NASA's Earth Observi
(- ) Data and Information S

: Login
| Home About EOSDIS Data Our Community User Resources Labs Wiki

Discowvering Data Data Tools Data Centers Mear Real-Time Data Standards and References

Ne(]r ReO|'Time DOTO Lland Atmosphere Near Real-time Capability for EOS

Home » Data » Mear Real-Time Data

What is Near Real-Time Data?

Available in less than 3 hours from observation, Mear Real-Time (MRT) products from the MODIS, OMI, AIRS, and MLS
instruments are offered by LAMCE. The Land Atmasphere Mear real-time Capability for EOS (LANCE) supports application users
interested in monitaring and analyzing a wide variety of natural and man-made phenomena.

Register to start downloading data.

How do | get started?

Peqpasd

GET DATA,

» Instrument
» Platform
» Application

NRT HIGHLIGHTS

m FIRMS
- X Dirvwerlnar MODIES

E Journal,pdf g E] SE5E03_21153703232....jpg T E] 66161 211535535655, ..jpg T E] 9619 _211535968988....jpg T ¥ show all downloads... X
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GET DATA

» Instrument
» Platform
» Application

MRET HIGHLIGHTS

FIRMS
Download MODIS
fire data

Rapid Response
Getimagery fram
MODIS, AIRS, MLS
and Ol

o dview
Wisualize near
real-time data

Visualize

LANCE NEWS

Gaps in MLS Level 2 MNRT data starting from 2013-02-14 21:59:59
252013

Problems with MLS Level 2 NRT data resolved
21502013

LAMCE AIRS Level 2 sample data with updated algorithim software (Wersion B) available
L2on13

DIS Rapid Response

TT/2013

Instrument has been restored to full functionality, Feb 10

YWyéarldview, version 0.3.0, has been released!
2111/2013

T Journal.pdf v |E] 555803_21153703232..pg 7| (B 66181 _211535535655..pg 7| |E] 69619 211535968958..000

Download

¥ show all downloads. ..




E() QDIQ NASA’s Earth Observing Syste d ! iy : e
| ) Data and Information Syste : . ‘ Login

Home  About EOSDIS | Data | Our Community  User Resources Labs  Wiki

Discowvering Data Data Tools Data Centers Mear Real-Time Data Standards and References

Ne(]r ReO|'Time DOTO Lland Atmosphere Near Real-time Capability for EOS

Home » Data » Mear Real-Time Data » Yisuslization » Rapid Response

Rapid Response Visualization

Writeln Rapid Response provides imagery for approximately 40 products from the MODIS, AIRS, MLS and OMI instruments. All imagery

can he viewed through Warldview™ . Ta help users, the imagery have been organized into 10 application categories to assist
users in monitaring and analyzing a variety of natural and man-made Hazards and Disasters (2.9, ash plumes and fires). MODIS
Subszets and MODIS Near Real-Time (Orbit Swath) Images are also available.

AIRS WS

E v Rapid Resporse Please note: NRT imagery can still be viewed and downloaded through the WS client however users are encouraged to switch
g to WWarldview as in the future LANCE will not continue to support the WS client.
=
*Worldviews currently does not waork with Internet Explorer
Hazards & Disasters
Download subsets of 40 products fram MODIS, AIRS, and OMI far a variety of hazards and disasters
categories. Imagery is available through a geographic or polar coordinate system YWeb Mapping Serice
MWME) client and YWorldview.
WOTE: Worldview and the VWS client currently do not work with Internet Explorer.
> Fl b

E Journal,pdf = |E] So5803_21153703232....jpg = E] 66161 _211535535655....jpg = |E] 09519 _2115353968988....jpg X ¥ show all downloads... X
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https://earthdata.nasa.gov/lance -

\‘FE.‘ _““ MU ED variaview and the WWivio Client cUrrently ao moT Work Wit internet Expiorer.

MODIS Subsets

Download a large number of userspecified, geo-referenced and geographically sub-setted images around
the world in G1S-compatible format. Examples include most of the AEROMET sun photometer sites and
the USDA Foreign Agriculture Service (FAS) sites.

GET DATA,

B XS MODIS Near Real Time {Orbit Swath) Images
(78 L0 JENE s |VYiewand download swath images for each five-minute interval for Terra and Agua MODIS data. Data
. Uoe o | posted approximately 2.5 hours after the ohservation at the spacecraft,

» Instrument
» Platform

» Application —{REEEELRIES
IEFEBRERER
MRT HIGHLIGHTS ERSESERANS

! FIRMS
Download MODIS

fire data : = Gallery

“iew and download imagery for interesting events and phenomena from MODIS.

Rapid Response
Getirmagery fram
MODIS, AIRS, MLS
and Qi

Wl dview
Yisualize near
real-time data

—{zﬂ' Antarctic Mosaic
VI Download daily Antarctic mosaic images at 4km, 2Zkm, Tkm resolutions. The mosaic is composed of
" smaller image tiles, which are available individually at 250 m, 500 m, 1 km, 2 km, and 4 km resolutions.

E Journal,pdf = |£] So5803_21153703232....jpg = E] 66161 _211535535655....jpg = |£] 09519 _2115353968988....jpg X ¥ show all downloads... %




1555 UTC

2220 UTC 20:40 UTC 19:00 UTC 1725 LT 15:45 UTC 1405 UTC 1225 UTC 1050 UTC 0910 UTS 0730 UTC 0250 LTS 3
lance-modis . eosdis.nasa.gov/cgi-binfimageryfsingle. coifimage=crefll _143.4201 30451 0300020130451 05500, 2km. jpg |
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Land Atmosphere Near real-time Capability for EOS

\
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Land Atmosphere Near real-time Capability for EOS
(LANCE)
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Size
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| MCB43E1 12712011 S:13:00 AM
L MCE43E3 12712011 S:14:00 AM
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@ MODO2,A2011112,0145,005,2011114215802, hdf
@ MODO2, A2011112,0150,005,201 1114220347, hdf
@ MODO3, A2011112,0155,005,201 1114221200, hdf
@ MODO2, A2011112,0245,005,201 1114200520, hdf
@ MODO2, A2011112,0250,005,201 1114201539, hdf
@ MODO2, A2011112,0255,005,201 1114203027 . hdf
@ MODO2,A2011112.0300.005,201 1114204139, hdf
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[l MONN9. 42011112 0310005, 2011114211015 hdf
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File Action Help
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Input File - -
3.A2010064.0340.005.2011063162817.hel Open Input File .. | Soecily Outaut Hie
Output File
Input File Info: View Metadata ...
L L LR E R |F:WiuaradlD_MvDataINASA—MODIBIDutpuﬁaaa.tif |

Total Mumber of Bands: 42

Data Type: (INT1E, INT1E, IMNT16, LINTE, LINT1E, LINT16, UIMTS, M
Mumhber of lines: { 2030, 2030, 2030, 2030, 2030, 2030, 2030, 8120, 8
Mumhber of samples: {1354, 1354, 13584, 1354 1354, 1354, 1354, 541
LatiLong of Upper-Left Corner: { 26.44113033 91.795386643)
LatiLong of Upper-Right Corner; { 26 44113033 117.549490933)
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=
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LRCorner:  |5.408522485 |[117 545480833 |

Geolocation File
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