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MODIS instrument

 Moderate Resolution 
Imaging 
Spectroradiometer 
(MODIS)

 On board two polar 
orbiting satellites
– Terra launched in 1999 
– Aqua launched in 2002

Image source: Visible Earth

Aqua

Terra

Image source: Visible Earth



MODIS data acquisition

 Global twice daily imaging (Terra and 
Aqua)

 Overpass overlaps over higher latitudes –
multiple imaging opportunities 

 A large number of bands at different 
resolutions 

 Specifically designed bands for fire 
monitoring purposes



MODIS bands 1-19



MODIS bands 20-36



MODIS fire data products

 Global algorithms –different performance 
in different areas

 Standard products – science datasets
 Fire was a priority in instrument design 

and product development



MODIS Fire 
products



MODIS Active Fire detections 

 MOD(MYD)14 group – Thermal Anomalies 
and Fire – 1000 m nominal resolution
– MOD14 – 5 min swath 
– MOD14A1 – tiled daily LP DAAC
– MOD14A2 – tiled 8day
– MCD14ml – fire detection points
– CMG – 0.5 degree grid: ftp site
 MOD14C8H – 8-day
 MOD14CMH - monthly
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Dryland countries of 
Northern Eurasia



On average fires in drylands ~ 25% of fires in NE
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Fire Radiative Power
Mean Fire Radiative Power
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Fire occurrence seasonality
Monthly fire occurrence
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Fire occurrence as a function of 
land cover and land use
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Land cover and land use in dryland 
countries of NE
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Fire occurrence per 1000 km2 of 
different land cover and land use types
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MODIS Burned Area products 

 MCD45A1 – 500 m combined Terra and 
Aqua burned area monthly

 MODIS GFED burned area – 500 m annual
Non-standard
 Potential for MODIS regional burned area 

algorithms



MODIS Sinusoidal grid



Drylands of Northern Eurasia on 
the MODIS grid: 

h22 h25

v04
v05



Analysis area for MODIS tiles h22 – h25 
v04-v05 in Lambert Azimuthal Equal Area



Aug 24 Oct 7
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MCD45A1: annual burned area
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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  

 Data Product Progression 
– Algorithm Development and Testing (ATBD 

peer review) 
– Data Set Generation
– Product Quality Control (QA metadata) 
– Product Validation (independent 

measurements)
– Product Documentation and Distribution 
– Algorithm Refinement and Reprocessing



CEOS / WGCV meeting
Avignon, 9/30-10/3 2008

MODIS burned area validation
Boschetti, Roy, Justice

C5 Burned Area Product
Validation Protocol

Priorities:

1- ensure the accuracy of the reference data: local 
partners involved in 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 
quality issues, or not visible because of clouds or shadows

Validation
Protocol



CEOS / WGCV meeting
Avignon, 9/30-10/3 2008

MODIS burned area validation
Boschetti, Roy, Justice

Image 1:

Landsat ETM+

Sept. 4th

Validation
Protocol



CEOS / WGCV meeting
Avignon, 9/30-10/3 2008

MODIS burned area validation
Boschetti, Roy, Justice

Image 2:

Landsat ETM+

Oct 6th

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

Validation
Protocol



CEOS / WGCV meeting
Avignon, 9/30-10/3 2008

MODIS burned area validation
Boschetti, Roy, Justice

MODIS 
500m
Burned Areas

Sept. 4
to 
Oct. 6 

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

Validation
Protocol



MODIS 1km land cover 
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 (cream), grasslands (light 
brown), savannas (orange), croplands 
(yellow), cropland/natural vegetation 
mosaic (olive brown), urban (red).

Landsat ETM+ validation scenes distributed from dry savanna 
to wet miombo woodland to quantify product accuracy over 
range of representative biomass burning conditions

ETM+ scene
~185 * 185 km

Each ETM+ 
scene has a 
local SAFNet 
collaborator

11 scenes = 
~3% of 
southern 
African 
surface 



MODIS Burned Area product Validation
The slope of the regression line is 0.75,

The intercept is -0.005 and the r2 is 0.746

All MODIS C5 Data (294148 km2)

Landsat ETM+ proportion burned
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Specialized regional product 
development

 Best results in spatial and inventory 
accuracy 

 Factors in regional specifics
– Fire occurrence
– Land surface imaging



0

10

20

30

40

50

60

1-
Ja

n

1-
Fe

b

1-
M

ar

1-
A

pr

1-
M

ay

1-
Ju

n

1-
Ju

l

1-
A

ug

1-
S

ep

1-
O

ct

1-
N

ov

1-
D

ec

Date

So
la

r e
le

va
tio

n 
an

gl
e 

(d
eg

re
es

)

60 N 62 N 64 N 66 N 68 N 70 N

Regional specifics of land surface 
imaging: Alaska solar elevation



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1-
Ja

n

1-
Fe

b

1-
M

ar

1-
Ap

r

1-
M

ay

1-
Ju

n

1-
Ju

l

1-
Au

g

1-
Se

p

1-
O

ct

1-
N

ov

1-
D

ec

Date

Pe
rc

en
t o

f l
an

d 
su

rf
ac

e
snow cloud
cloud shadow high aerosol

Regional specifics of land surface 
imaging: Alaska – clear sruface



MODIS active fires

Direct Broadcast algorithm

Provisional burned area product

Regional algorithm Regional algorithm (adjusted)

MTBS

MODIS-based algorithms used to estimate burned area in Alaska



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

MTBS scars (n = 67)
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MODIS in Giovanni: online visualization



MODIS in Giovanni: online visualization



Relationship between precipitation and fire occurrence 
in boreal forests



Relationship between precipitation and fire occurrence 
in dry lands



Conclusion

 MODIS fire products are 
– Standard
– publicly available
– Free of charge

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


	NASA MODIS �Global Fire Monitoring and its applications in Northern Eurasia 
	MODIS instrument
	MODIS data acquisition
	MODIS bands 1-19
	MODIS bands 20-36
	MODIS fire data products
	MODIS Fire products
	MODIS Active Fire detections 
	Northern Eurasia
	Slide Number 10
	Slide Number 11
	MODIS fire detections
	MODIS fire detections
	Dryland countries of �Northern Eurasia
	Annual Fire Activity
	Fire Radiative Power
	Fire occurrence seasonality
	Fire occurrence as a function of land cover and land use
	Land cover and land use in dryland countries of NE
	Fire occurrence per 1000 km2 of different land cover and land use types
	MODIS Burned Area products 
	MODIS Sinusoidal grid
	Drylands of Northern Eurasia on the MODIS grid: 
	Analysis area for MODIS tiles h22 – h25 v04-v05 in Lambert Azimuthal Equal Area
	MCD45A1: h23v04 Sept 2002
	MODIS burned area product
	MCD45A1: annual burned area
	MCD45A1: known problems
	MODIS GFED burned area: �h23v04 August-September 2002
	MODIS global burned area products comparison
	Slide Number 31
	Slide Number 32
	Satellite Fire Monitoring  
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	MODIS Burned Area product Validation�The slope of the regression line is 0.75,�The intercept is -0.005 and the r2 is 0.746
	Specialized regional product development
	Regional specifics of land surface imaging: Alaska solar elevation
	Slide Number 42
	Slide Number 43
	Slide Number 44
	MODIS in Giovanni: online visualization
	MODIS in Giovanni: online visualization
	Relationship between precipitation and fire occurrence in boreal forests
	Relationship between precipitation and fire occurrence in dry lands
	Conclusion

