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MODIS instrument

m Moderate Resolution
Imaging
Spectroradiometer
(MODIS)

m On board two polar
orbiting satellites
— Terra launched in 1999
— Aqua launched in 2002
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o > Image source: Visible Earth



MODIS data acquisition

m Global twice daily imaging (Terra and
Agua)

m Overpass overlaps over higher latitudes —
multiple iImaging opportunities

m A large number of bands at different
resolutions

m Specifically designed bands for fire
monitoring purposes



MODIS bands 1-19

Primary Use Ennd’wldth1 Spectral Required

Radiance’ SNR®

620 - 670 21.8 128

841 - 876 24.7 201

459 - 479 35.3 243

545 - 585 29.0 228

1230 - 1250 54 74

1628 - 1662 7.3 275

2105 - 2155 1.0 110

405 - 420 44.9 B8O

438 - 448 41.9 838

483 - 493 32.1 Bo2

526 - 536 27.9 754

546 - 556 21.0 750

662 - 672 9.5
- 683 8.7
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MODIS bands 20-36

Primary Use Ba nﬂwldth1 Spectral Required
Radiance” MNE[delta]T(K)"
Surface/Cloud 20 3.660 - 3.840 0.45(300K) 0.05
Tamparatura 21 5.925 - 3,985 2 AB(335K) 2.00

22 3.925 - 3.569 0.67(300K) 0.07

23 4.020 - 4.080 0.79(300K) 0.07
Atmospheric 24 4.433 - 4,456 0.17(250K) 0.25
Tamperaturg 285 4 482 - 4,549 0.50(275K) 0.25
Cirrus Clouds 26 1.360 - 1.380 5.00 150{SNR)
Wintar Vepor 57 5.535 - 6.895 1.16(240K) 0.25

28 7175 - 7.475 2. 1B(250K) 0.25
Cloud Properties 25 8.400 - 8.700 SB(300K) 0.05
Ozone a0 §.580 - 5.880 BB(250K) 0.25
Surface/Cloud aq 10.780 - 11.280 55(300K) 0.05
Tamperaturg az 11.770 - 12.270 B4{300K) 0.05
Cloud Top as 13.185 - 13,485 52(260K) 0.25
AN, 34 13.485 - 13.785 TE(250K) 0.25

as 13.785 - 14.085 3.11{240K) 0.25

ag 14.085 - 14.385 2 0B(220K) 0.35

! Bands 1 to 15 are in nm; Bands 20 1o 36 are in wm

= Speciral Radiance values are [meg -LITT=3r)
3 8NR = Signal-to-noise rafio
* ME{deha)T = Noise-eguivalent temperature difference

MNote: Performance goal is 30-40% better than required




MODIS fire data products

m Global algorithms —different performance
In different areas

m Standard products — science datasets

m Fire was a priority In instrument design
and product development



UsGS Home
Contact USGS
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Products distributed from LP DAAC
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MED1291 Combined  Land Cover Type Tile S00m Vearly
MD1582 Combined ;Ia'jlvcj;e\a/gr::xFPAR 8-Day L3 Global 1km Tie 1000m Day
MCD4341 Combined  BRDF-Albedo Model Parameters Tile S00m 16 Day
MCD4Z42 Combined  BRDF-Albedo Cuality Tile S00m 16 Day
MCD4343 Combined  Albedo Tile: 500m 16 Dy
MCD4344 Combined  Madit BROF-Adjusted Reflectance Tile: 500m 16 Dy
MCD4381 Combined  BRDF-Albedo Mode| Paratneters Tile: 1000m 16 Dy
MCD4382 Combingd  BROF-Alkedo Gualty Tile 1000m 16 Day
PCD 304 Coinbined Madir BRDF- Adjusted Reflectance ChiG SE00m 16 Day MCD43E3  © Combined  Albedo Tike 1000m 16 Day
MCD4384 Combined  Macir BROF- Adjusted Reflectance Tile 1000m 16 Day
MCD45A1 CClmbinE-'d Eurned Area Tlle SDDm MDmhIY MZD43C1 Combined  BRDF-Albedo Model Parameters oMz S600m 16 Day
X MZD43C2 Comhined  BRDF-Alkedo Snow-free Quality oMz S600m 16 Day
FACDO98 ] Terra Surface Reflectance Bands 1-7 Tile S00m & Dhary [T B . J—— 16 Day
MCD43C4 Combined  Macir BRDF- Acjusted Reflectance CMG SE00m 16 Day
MCD4541 Combined  Burned Area Tile S00m Maonthly ]
MODO3AT Terra Surface Reflectance Bands 1-7 Tile S00m 8Day
MODOICHG Terra Surface Reflectance Bands 1-7 CMS SE00m Daily
MODDIGA Terra Surface Reflectance Bancs 1—7 Tile: 50001000m  Daily
MODOIGE Terra Surface Reflectance Bancs 1-2 Tile: 250m Daily
MODD9G Terra Surface Reflectance Bancs 1-2 Tile: 250m 8 Day
MOD11 L2 Terra Land Surface Temperature & Emissivity Swath 1000m S Min
MOD1141 Terra Land Surface Temperature & Emissivity Tile 1000m Daily
MOD1142 Terra Land Surface Temperature & Emissivity Tile 1000m GDay
MOD1161 Terra Land Surface Temperature & Emissivity Tile BO00m Daily
MOD11CT Terra Land Surface Temperature & Emissivity TG SE00m Daily
MOD11C2 Terra Land Surface Temperature & Emissivity TG SE00m & Day
MOD11C3 Terra Land Surface Temperature & Emissivity CWIG SE00m Morthly
MOD1341 Terra wegetation Indices Tile: 500m 16 Day
MOD1342 Terra wegetation Indices Tile: 1000m 16 Day
MOD13A3 Terra Wegetation Indices Tile 1000m Morthly
MOD13C1 Terra Wegetation Indices MG SE00m 16 Day
MOD13C2 Terra Wegetation Indices MG SE00m Morthly
MO 4 Terra Thermal &nomalies & Fire Suwath 1000m 4 Mlin MoDiE1  Ter Vegetation Indices Tile 250m 16 Day
MOD14 Terra Thermal Anomalies & Fire Swath 1000m & in
M Terra Thermal Annmalies 8‘ Fire TIIE 1 DDDm Dalh" MOD1 441 Terra Thermal Anomalies & Fire Tile 1000m ity
. . . MOD1442 Terra Thetmal Anotnalies & Fire Tile: 1000m & Day
M Terra Thermal Annmalles & Flre TIIE 1 DDDm 8 Dav MOD1542 Terra Leat Area Index - FPAR Tile: 1000m & Day
MOD17A2 Terra Gross Primary Productivity Tile 1000m G Day
MODa48 Terra Yegetation Continuous Fields Tile S00m early
MODa4vY Terra Land Water Mask Derived Tile
MYDOSAT Agua Surface Reflectance Bands 1-7 Tile S00m G Day
MYDOACHG Agus Surface Reflectance Bands 1-7 TG SE00m Daily
MYDOAGA Agus Surface Reflectance Bands 1-7 Tile S00A000m  Daily
MYDIICE Anus Surface Reflectance Bands 1-2 Tile 250m Daily

MYNNanT Y. @ piane Raflartanne Rands 1o Tia aenm aRay



MODIS Active Fire detections

m MOD(MYD)14 group — Thermal Anomalies

and Fire — 1000 m nom
— MOD14 — 5 min swath —
— MOD14A1 - tiled daily

Inal resolution

— LP DAAC

— MOD14A2 — tiled 8day

— MCD14ml — fire detection points

— CMG — 0.5 degree grid:
= MOD14C8H — 8-day
= MOD14CMH - monthly

q ftp site




Northern Eurasia

MODIS land cover 2005 in IGBP classification: aggregated classes
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Northern Eurasia

MODIS land cover 2005 in IGBP classification: aggregated classes
[ forests [ crop complexes
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MODIS land cover 2005 in IGBP classification: aggregated classes

Bl forests Bl crop complexes
B shrublands [ urban

Bl grasslands ll snow and ice
B wetlands B barren




MODIS fire detections

o MODIS active fire detections



MODIS fire detections




Dryland countries of
orthern Eurasia




Annual Fire Activity

B Northern Eurasia
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On average fires in drylands ~ 25% of fires in NE



FRP (W m-2)
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Fire Radiative Power

Mean Fire Radiative Power
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Mean FRP by land cover type




Fire occurrence seasonality

Monthly fire occurrence

Number of fire detections

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean monthly fire occurrence

Number of fire detections

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




Fire occurrence as a function of

land cover and land use

I I _—\
2001 2002 2003 2004 2005 2006 2007 2008

M Bare

M Crop mosaic

W Urban
Crop
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M EN Forest




Land cover and land use In dryland

M Water

M EN Forest

M DN Forest
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Fire occurrence per 1000 km# of
different land cover and land use types
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MODIS Burned Area products

m MCD45A1 — 500 m combined Terra and
Aqua burned area monthly

m MODIS GFED burned area — 500 m annual
Non-standard

m Potential for MODIS regional burned area
algorithms



MODIS Sinusoidal grid
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MCD45A1: h23v04&Sept 2002
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MODIS burned area product
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MCD45A1: annual burned area
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MCD45A1: known problems
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MODIS GFED burned area:

h23v04 August-September 2002




MODIS global burned area products

comparison

Annual burned area h23v04
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MDC45A1 and GFED burned area mapping
Differences: h23v04 2002
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MDC45A1 and GFED burned area mapping
Differences: h23v04 2008
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Satellite Fire Monitoring

m Data Product Progression

— Algorithm Development and Testing (ATBD
Deer review)

— Data Set Generation
— Product Quality Control (QA metadata)

— Product Validation (independent
measurements)

— Product Documentation and Distribution
— Algorithm Refinement and




C5 Burned Area Product
Validation Protocol

Priorities:

1- ensure the accuracy of the reference data: local
partners involved Iin the interpretation of the high resolution
data

2- temporal consistency:. map the changes between two
acquisitions

3- spatial consistency: differentiate between unburned
areas and areas that could not be interpreted due to data
guality issues, or not visible because of clouds or shadows

CEOS / WGCV meeting MODIS burned area validation
Avignon, 9/30-10/3 2008 Boschetti, Roy, Justice



Image 1:

Landsat ETM+
Sept. 4th

CEOS / WGCV meeting MODIS burned area validation
Avignon, 9/30-10/3 2008 Boschetti, Roy, Justice




Image 2:

Landsat ETM+
Oct 6th

Yellow vectors = ETM+ interpreted
burned areas occurring between the
two ETM+ acquisitions

CEOS / WGCV meeting MODIS burned area validation
Avignon, 9/30-10/3 2008 Boschetti, Roy, Justice




MODIS .
500Im l-* =
Burned Areas -
Sept. 4
to
Oct. 6
&

White vectors = ETM+ interpreted :
burned areas occurring between the F
two ETM+ acquisitions

CEOS / WGCV meeting MODIS burned area validation

Avignon, 9/30-10/3 2008 Boschetti, Roy, Justice



Landsat ETM+ validation scenes distributed

MODIS 1km land coveh

product: of the 17 MODIS land
cover classes, predominant classes
illustrated include: evergreen
broadleaf forest (dark green), barren
or sparsely vegetated (gray), woody
savannas (light green), open
shrublands (gream), grasslands (light
brown), savannas (orange), croplands
(yellow), cropland/natural vegetation
mosaic (olive brown), urban (red).

ETM+ scene
~185 * 185 km

Each ETM+
scene has a
local SAFNet
collaborator

11 scenes =
"'3°/o Of
southern
African
surface




Burned Area product Validation
The slope of the regression line is
The Intercept Is -0.005 and the r2 1s 0./746

All MODIS C5 Data (294148 km?2)
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Specialized regional product
development

m Best results in spatial and inventory
accuracy

m Factors In regional specifics
— Fire occurrence
— Land surface imaging
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Regional specifics of land surface
Imaging:. Alaska — clear sruface

snow — — -cloud
— - —cloud shadow - - = = high aerosol
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MODIS-based algorithms used to estimate burned area in Alaska

MTBS MODIS active fires Provisional burned area product

i 4
Fs

Kilometers




Comparison of burned area estimates from various MODIS—
based algorithms during 2004 fire season in Alaska against

MODIS active fires (ha)
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MODIS In Giovanni: online visualization

<« C || ‘gdatal.sci.gsfc.nasa.gov » O S~
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National Aeronautics Search DISC
and Space Administration —
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+ ABOUT GIOVANNI + NEWS + INSTANCES + FEEDBACK + RELEASE NOTES + HELP

Operations Nofification

September 10, 2009: Giovanni Users - the annual NASA data center user satisfaction survey is underway! Using Giovanni does not require submission of an email address to the GES DISC, so if you would like to help us improve Giovanni and our other data
services, click here for instructions on how to receive an invitation to take the survey.

Northern Eurasia Earth Science Partnership Initiative
Monthly Products

[ 1ome| Remove 41

This instance focuses on monthly atmospheric, land surface and cryospheric products for supporting Morthern Eurasia Earth Science Partnership Initiative {(NEESPI) project. Information of the NEESPI project can be found at the supporting website . For help on how to
use this Giavanni instance, please see the NEESPI help page

Other NEESPI products are available in Giovanni: Daily data

ACKNOWLEDGMENT: The NASA NEESPI Data and Services Center project is supported by NASA HQ through ROSES 2005 NNHOSZDADOTMN-ACCESS
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O Cloud Fraction (Day and Night) MODO8_M3.005 MODIS-Terra Ver. 5 2000M2 - 200908
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MODIS In Giovanni: online visualization

< C |l gdatal.sci.gsfc.nasa.gov

National Aeronautics
and Space Administration

| A I | q
+ ABOUT GIOVANNI + NEWS + INSTANCES + FEEDBACK + RELEASE NDTES + HELP

Operations Notification

September 10, 2009: Giovanni Users - the annual NASA data center user satisfaction survey is underway! Using Giovanni does not require submission of an email address to the GES DISC, so if you would like to help us improve Giovanni and our other data
services. click here for instructions on how to receive an invitation to take the survey.

Northern Eurasia Earth Science Partnership Initiative
Daily Products

m Remave Al

This instance focuses on daily atmospheric and land surface products to support Morthern Eurasia Earth Science Partnership Initiative (NEESPI) project. Information of the NEESPI project can be found at the supporting websites?,

Other MEESPI products are available in Giovanni:honthly data
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Relationship between precipitation and fire occurrence
In boreal forests

Area-Averaged Time Series (GPCP 1deg.002) Area-Averaged Time Series (MODVI.005)

(Region: 120E-130E, 55N-065N) (Region: 120E-130E, 55N-65N)

GPCP precipitation (mm/day)

Mormalized Difference Vegetation Index (NDVI) (Unitless)

Area-Averaged Time Series (MOD14CM1.004) Area-Averaged Time Series (MOD14CM1.004)
(Region: 120E-130E, 55N-65N) (Region: 120E-130E, 55N-65IN)

(MW)

Mean Fire Radiative Power

Cloud and Overpass Corrected Fire Pixel Count (unitless)




Relationship between precipitation and fire occurrence
In dry lands

Area-Averaged Time Series (GPCP_1deg.002) Area-Averaged Time Series (MODVI.005)
(Region: 62E-70E, 41 N-511N) (Region: 62E-70E, 41N-51N)
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Conclusion

m MODIS fire products are
— Standard
— publicly available
— Free of charge

m We need community help to improve
algorithm performance through joint
validation efforts
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