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OutlinesOutlines
Lecture:
1. OVERVIEW OF MODIS DATA AND APPLICATIONS

Near Real Time Global Environment and Disaster Monitoring using MODIS Data

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

3. ANALYSIS OF MODIS DATA LEVEL1B & LEVEL2
MODIS Images Subsets from Land Atmosphere Near real‐time Capability for EOS (LANCE) at
Goddard Space Flight Center, NASA (GSFC/NASA) Greenbelt, Maryland, USA – How to 
download MODIS Level 1B datadownload MODIS Level 1B data 
MODIS Images Subsets from Level 1 and Atmosphere Archive and Distribution System 
(LAADS), NASA (GSFC/NASA) Greenbelt, Maryland, USA – How to download MODIS Level 1B 
& Level 2 data
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
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Materials  (software, hardware and data) to be used @ practical session: 
Computer with hard disk of at least  10 GB free space.
Web browser (Firefox, Google Chrome, etc.) and ENVI 4.x software
Sample MODIS Data are provided
Good and stable internet connection is necessary.
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OVERVIEW OVERVIEW 
OF MODIS DATA & APPLICATIONSOF MODIS DATA & APPLICATIONS



4

MODIS MODIS –– Earth Observation System (EOS) Flagship Earth Observation System (EOS) Flagship 
for Global/Regional Environment and Disaster Monitoring since for Global/Regional Environment and Disaster Monitoring since 19991999

http://modis.gsfc.nasa.gov/p g g

Terra (EOS-AM1) – Dec 1999 until present
http://aqua.nasa.gov/
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Aqua (EOS-PM1) - May 2002 until present http://terra.nasa.gov/
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MODIS Rapid Response System
MODIS I S b t T S t llit P F b 13 2012MODIS Image Subsets – Terra Satellite Passes on Feb 13, 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.

Source: MODIS Rapid Response – LANCE (Feb 23, 2012)
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MODIS Rapid Response System
MODIS I S b t A S t llit P F b 13 2012MODIS Image Subsets – Aqua Satellite Passes on Feb 13, 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.

Source: MODIS Rapid Response – LANCE (Feb 23, 2012)
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MODIS Rapid Response System
MODIS Image Subsets – Day and Night World Map – Day and 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,Source: http://www.timeanddate.com/worldclock/sunearth.html (Feb 23, 
2012)
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MODIS Rapid Response System
T O bit T P T MODIS I S b tTerra Orbit – Terra Passes – Terra MODIS Image Subsets

Terra OrbitTerra Orbit 

Terra Passes

NASA MODIS 5-min.
granules

Terra MODIS Sep. 12, 
2001 
15:20 UTC15:15 UTC       15:20 UTC       15:25

UTC



9

MODIS Program in AIT since MODIS Program in AIT since 20012001

ThaiSarn Network Data Sharing

MODIS Program at Geoinformatics Center, 
AIT since May 2001:
• Sawada Lab @ University of Tokyo, Japan
• GISTDA , Thailand
• Geoinformatics Center, AIT, Thailand

MODIS Data Transfer from GIC, AIT (Thailand) to 
GISTDA(Thailand) and NII (Japan) 
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Terra/Aqua MODIS Spectral Bands Specifications
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GIC/AIT Near Real time Automatic MODIS GIC/AIT Near Real time Automatic MODIS 
Receiving, Processing, Archiving, Transferring and Distributing Receiving, Processing, Archiving, Transferring and Distributing 

Systems FlowchartSystems Flowchart

Atmospheric
- Air Quality,
- Cloud Cover, etc. Cryosphere

- Snow Cover, etc.

Global/Regional Earth 
Environment Monitoring

Receiving System

Ocean
- Sea Surface Temperature,
- Chlorophyll concentration, 

etcEnvironment Monitoring

Land 
- Active Fire, 
Vegetation Cover

- etc.

Research & 
Applications

-Vegetation Cover,
- Flooding , etc.

Processing Systems

World-Wide users

MODIS Products
Level 1B

Archiving System On-line Distributing 
Systems

11

Level 1B, 
Level 2, 
Level 3

Transferring Systems
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Terra/Aqua MODIS Receiving, Archiving and Processing Systems Terra/Aqua MODIS Receiving, Archiving and Processing Systems 
in Geoinformatics Center (GIC), AITin Geoinformatics Center (GIC), AIT
• Operational since May 2001 – present
• More than 20 000 Scenes for Terra/Aqua(day and night)• More than 20,000 Scenes for Terra/Aqua(day and night) 
• Covering 19 countries (South and Southeast Asia)
• Products include:

Land, Ocean, Atmosphere and Cryosphere disciplines
• Most products are Standard NASA Products 
• Mostly use NASA ATBD (Algorithm Theoretical Basic 
D t ) f d t i

Concept of Processing System:
• Automatic
• Near Real-time 
• Daily (6-8 image scenes/day)
• Online Product Access for 24 hours

Easy to use Data format Products

Receiving System

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

• Easy-to-use Data format Products

Receiving System

Automatic Near Real-Time 
Processing Systems

12
Backup Storage:
• External USB Hard disks (2.0 TB) 
• DLT Tapes (40 Gigabytes)
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Terra/Aqua MODIS Processing System Terra/Aqua MODIS Processing System ‐‐ SoftwareSoftware
http://www.geoinfo.ait.ac.th/modis/modsoftware.php

1. Free Software (Linux‐based) 
• IMAPP 2 1• IMAPP 2.1
• MODISL1DB 1.7
• SIMAP 4.0
• MRTSwath
• HDFLook 8 x• HDFLook 8.x
• SeaDAS 5.0
• ScanView
• Hdfview 2.7
• HEG Tools etc• HEG Tools, etc

2. Commercial Software (Windows‐based)
• ENVI 4.x
• ER Mapper• ER‐Mapper
• ERDAS, etc. 



14

Terra/Aqua MODIS Receiving Coverage in AITTerra/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 ProductsNASA Standard MODIS Products
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MODIS Data Product on the InternetMODIS Data Product on the Internet

16
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MODIS Products available in Geoinformatics Center, AITMODIS Products available in Geoinformatics Center, AIT

Active Fire Sea Surface Temperature
Chlorophyll-a 
ConcentrationMODIS True Color 

Cloud Mask
1. MODIS True Color 250m resolution

2. Active Fire and Thermal Anomalies (MOD14)

3. Cloud Masking (MOD35)

4. Ocean Color Products :
3.1 Sea Surface Temperature (MOD28)
3.2 Chlorophyll-a Concentration (MOD21)
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NDVI 10-Day Composite 
5. NDVI 10-Day Composite
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1010--Day Composite MODIS ImageryDay Composite MODIS Imagery
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MODIS Products under development in Geoinformatics Center, AITMODIS Products under development in Geoinformatics Center, AIT
1. Land Surface Temperature (MOD11)
2. Surface Reflectance (MOD09)
3. Aerosol Optical Thickness (MOD04)
4. Burning Area

19Land Surface Temperature (MOD11) Aerosol Optical Thickness (MOD04)
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Application of MODIS Active Fires and Aerosol ProductsApplication of MODIS Active Fires and Aerosol Products
for Biomass Burning and Air Quality Monitoring in SE Asia for Biomass Burning and Air Quality Monitoring in SE Asia 

Aerosol Optical Thickness (MOD04)

March 25, 2010, Luang Prabang

(MOD11)
(MOD04)

March 26, 2010, Luang Prabang

(MOD11)

20

Aqua MODIS March 25, 2010 06:24 GMT
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Monitoring of Land Cover using MODIS imageryMonitoring of Land Cover using MODIS imagery
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Monitoring of Ocean Color using MODIS imageryMonitoring of Ocean Color using MODIS imagery

Chlorophyll-a Concentration extracted from AquaChlorophyll a Concentration extracted from Aqua 
MODIS of December 26, 2007 at 06:46 GMT in 
the Southeast Asian region.(Source: GIC/AIT, 
Thailand)

Sea Surface Temperature extracted from 
Terra MODIS of January 22, 2010 at 04:43 
GMT in the Bay of Bengal.(Source: 
GIC/AIT, Thailand)
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Typhoon/Tropical Cyclone Monitoring using MODISTyphoon/Tropical Cyclone Monitoring using MODIS

23
23

Typhoon Chanthu  Aqua MODIS July 22, 2010 
06:29 GMT (Source: GIC/AIT, Thailand)
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Regional Flood Monitoring using MODISRegional Flood Monitoring using MODIS
Before Flooding Before Flooding

During Flooding During Floodingg g g g

24Flooding in Pakistan (Terra MODIS on July 30, 
2010 05:45 GMT )

Flooding in Bangladesh & India (Terra MODIS 
on Aug 02, 2010 04:43 GMT )
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Monitoring of Volcano Eruption using MODIS imageryMonitoring of Volcano Eruption using MODIS imagery
Ash Plume from Eyjafjallajökull Volcano to Europe

Eyjafjallajökull Volcano seen by Terra MODIS April 15, 
2010 11:35 GMT (Source: GIC/AIT, Thailand)
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MODIS Active Fire Monitoring System in Regional Level MODIS Active Fire Monitoring System in Regional Level –– South and Southeast AsiaSouth and Southeast Asia

Daily Active Fire 
Distribution Maps

On-line Active Fire Distribution 
Database SystemDatabase System

26

Active Fire Statistical 
Analysis System
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MODIS Active Fire Monitoring & Visualization System in Regional LevelMODIS Active Fire Monitoring & Visualization System in Regional Level
South and Southeast AsiaSouth and Southeast Asia

Active Fire and Smoke-Haze Distribution 
Visualization Systems

27Active Fire Distribution Visualization Smoke-Haze Distribution Visualization
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Laos & Thailand - Aqua MODIS March 14, 2009 06:43 GMT

MODIS Active Fire Monitoring System in Regional Level MODIS Active Fire Monitoring System in Regional Level –– South and Southeast AsiaSouth and Southeast Asia
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Sumatra (Indonesia) Aqua MODIS Oct. 06, 2006 06:34 GMT

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

Strong smoke from the wild fire location (shown by red arrow) are clearly visible

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

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

Central Kalimantan 
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Cambodia - Aqua MODIS January 20, 2008 06:40 GMT

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

CambodiaMekong 
River
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Vietnam
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Myanmar & Thailand Aqua MODIS March 22 2008 06:52 GMT

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

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

Myanmar

Thailand
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MODIS Active Fire Monitoring System in Global RegionMODIS Active Fire Monitoring System in Global Region

Fire in Russia – Terra MODIS August 03, 2010 08:30 GMT
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Flo chart of the De elopment

System for Monitoring in 
Regional Level

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

Flowchart of the Development

Developed & opened to public
Under development

ASTER, Landsat

System for Monitoring in 
Country Level

Terra ASTER  specifications

Burning Area 
Estimation

34

MODIS RGB 721 Estimation
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MODIS Active Fire Monitoring System in National Level MODIS Active Fire Monitoring System in National Level -- Laos Laos 
Regional level

National level

Vietnam

China

Thailand

CambodiaCambodia

A ti Fi Di t ib ti d St ti ti lActive Fire Distribution and Statistical 
Analysis System

On-line Active Fire Distribution Database System 
by Provinces and Districts

Statistical Distribution of Active Fire by 
Provinces
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Annual Distributions of Detected Active Fire in Laos Annual Distributions of Detected Active Fire in Laos 
for March for March 20082008, , 2009 2009 and and 2010 2010 

(based on selected fire confidence of (based on selected fire confidence of 9090--100100%)%)

March 01-31, 2008

March 01-31, 2009

March 01-31, 2010
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MODIS Burning Area Monitoring System in Regional LevelMODIS Burning Area Monitoring System in Regional Level
South and Southeast AsiaSouth and Southeast Asia

Active fire are shown by squared color dotsActive fire are shown by squared color dots
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MODIS Burning Area Monitoring System in Regional LevelMODIS Burning Area Monitoring System in Regional Level
South and Southeast AsiaSouth and Southeast Asia

Burning area are shown in orange patchesBurning area are shown in orange patches
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UNDERSTANDUNDERSTAND
MODIS DATA FORMATMODIS DATA FORMAT
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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 g
– 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 ofLevel 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 FormatMODIS Data Format
– Hierarchical Data Format (HDF)
– MODIS EOS‐HDF vs. NCSA‐HDF

• Example of MODIS data in EOS‐HDF format
O S S i ifi S (S S)

40

• MODIS Scientific Data Sets (SDS)
• MODIS file name format (AIT, NASA)
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Hierarchical Data Format

1. 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 utilitiesFORTRAN and C calling interfaces and utilities.

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

3. Some important features of HDF are:
3 1 S lf d ibi F h d t bj t i HDF fil th i l3.1 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 modelsand 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 arraysfloating 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 platformsshared 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.



42

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) formatdeveloped 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
if t di d t t i ti l t t Th HDF EOS ftuniform access to diverse data types in a geospatial context. The HDF‐EOS 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; , y g
data, time data, and product metadata as easily as with HDF‐EOS library calls.
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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 spacein 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..).Conformal, etc..).
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From HDF to HDF‐EOS
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From HDF to HDF‐EOS
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MODIS Data Level, Format and Structure

Viewing MODIS Data format – Hierarchical Data Format (HDF) using HDF Viewer e g O S ata o at e a c ca ata o at ( ) us g e e
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MODIS Data Level, Format and Structure

Viewing of MODIS Scientific Data Set (SDS) using HDF Viewerg ( ) g
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MODIS Data Level, Format and Structure
• MODIS Scientific Data Set (SDS) for 250m, 500m and 1000m spatial resolutions( ) , p

48
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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

– NASA: Terra MODIS of Feb 20, 2009 03:00 GMT
NRT 

• MOD021KM.A2009051.0300.005.2009051133350.hdf

• MOD02HKM.A2009051.0300.005.2009051133350.hdf

• MOD02QKM.A2009051.0300.005.2009051133350.hdf

• MOD03.A2009051.0300.005.2009051115557.hdf

49
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ANALYSIS OFANALYSIS OF
MODIS DATA LEVELMODIS DATA LEVEL11B & LEVELB & LEVEL22
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MODIS Rapid Response System @ NASA/GSFCMODIS Rapid Response System @ NASA/GSFC
https://earthdata.nasa.gov/data/near-real-time-data

Near Real Time DataNear Real-Time Data

D l d MODIS L l1B d tDownload MODIS Level1B data

Selection of MODIS scene



52

Land Atmosphere Near real‐time Capability for 
EOS (LANCE)EOS (LANCE)

https://earthdata.nasa.gov/lance
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Land Atmosphere Near real‐time Capability for 
EOS (LANCE)EOS (LANCE)

https://earthdata.nasa.gov/lance

MODIS Rapid Response
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Land Atmosphere Near real‐time Capability for 
EOS (LANCE)EOS (LANCE)

https://earthdata.nasa.gov/lance
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Land Atmosphere Near real‐time Capability for 
EOS (LANCE)EOS (LANCE)

https://earthdata.nasa.gov/lance

Download MODIS daily Subsets (World-Wide)
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Land Atmosphere Near real‐time Capability for 
EOS (LANCE)EOS (LANCE)
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)

Downloaded MODIS level 1b dataDownloaded MODIS level 1b data
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Land Atmosphere Near real‐time Capability for EOS 
(LANCE)(LANCE)

Geometric Correction of MODIS Level1B image using ENVIGeometric Correction of MODIS Level1B image using ENVI

MODIS data band 1,2 (Red,NIR) -
Before Geometric Correction

MODIS data band 1,2 (Red,NIR) -
Before Geometric Correction

MODIS data band 1,2 (Red, NIR) -
After Geometric Correction

MODIS data band 1,2 (Red, NIR) -
After Geometric Correction
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http://ladsweb.nascom.nasa.gov/
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https://lpdaac usgs gov/lpdaac/producthttps://lpdaac.usgs.gov/lpdaac/product
s/modis_products_table
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https://lpdaac usgs gov/lpdaac/tools/mhttps://lpdaac.usgs.gov/lpdaac/tools/m
odis_reprojection_tool_swath
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END OF PRESENTATIONEND OF PRESENTATION

CONTACT:CONTACT:

vivarad@{ait ac th gmail com}vivarad@{ait.ac.th,gmail.com}

www.vivarad.info

www.facebook.com/vivarad
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