
Fires in southwestern Australia sent a massive smoke plume over the Indian Ocean 

on February 13, 2012. The Moderate Resolution Imaging 

Spectroradiometer (MODIS) on NASA’s Aqua satellite took this image the same day. 

In this natural-color image, red dots show areas where MODIS detected unusually 

high surface temperatures associated with actively burning fires. The gray-beige 

smoke blows in a giant clockwise arc, over the Indian Ocean, and back toward the 

coast of Western Australia. 

On February 14, 2012, the Fire and Emergency Services Authority (FESA) of 

Western Australia reported that the bushfires that were burning around Windy 

Harbour the day before had been contained. Still, FESA warned residents to keep 

abreast of new developments as conditions could change quickly. 

References 

FESA. (2012, February 14). Alerts and Warnings. Authority of Western Australia. 

Accessed February 14, 2012. 

NASA image courtesy Jeff Schmaltz, LANCE/EOSDIS MODIS Rapid Response 

Team at NASA GSFC. Caption by Michon Scott. 

Instrument: Aqua - MODIS 

1 

http://modis.gsfc.nasa.gov/
http://aqua.nasa.gov/
http://www.fesa.wa.gov.au/alerts/Pages/default.aspx
http://rapidfire.sci.gsfc.nasa.gov/
http://rapidfire.sci.gsfc.nasa.gov/


2 



3 



4 



5 



6 



Note changes within growing seasons and between; can you infer differences in 

weather or management? 
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What causes these patterns: characteristics of senescent plants do not follow the 

same trajectory as the green-up period.  Also sun-view angles change with season.   
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Mid-day values of the remote sensing normalized difference vegetation index [NDVI 

= [( ρNIR - ρred) / ( ρNIR + ρred)] as a function of the total fraction of 

photosynthetically active radiation absorbed by the corn crop (total FPAR) in 

2003.  ρNIR is reflectance in the near-infrared spectrum (862-874 nm) and ρred is 

reflectance in the red portion of the spectrum (665-675 nm). Elizabeth Walter-Shea, 

Mark Mesarch and Denise Gutzmer  
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The angle between the sun and the Earth’s surface, called solar-zenith angle, 

changes reflected sunlight in several ways. At low solar zenith angles, such as local 

noon, top, the sunlight passes through relatively little atmosphere, minimizing 

scattering of light by the atmosphere and any effects of pollution, haze, or water 

vapor. The sunlight is also perpendicular to the Earth’s surface, so it is scattered 

directly back towards a sensor. 

At high solar-zenith angles, like the bottom image (55°), atmospheric scattering is 

increased, decreasing the amount of shorter wavelength light (blue) in incident 

sunlight. Some surfaces reflect light differently at high angles than low ones. An 

additional effect is the increase in the apparent depth of forest canopy at high 

angles. 

Images by Robert Simmon, NASA GSFC 

http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=scattering
http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=light
http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=haze
http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=water%20vapor
http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=water%20vapor
http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=wavelength
http://eobglossary.gsfc.nasa.gov/Library/glossary.php3?xref=canopy
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At the Equinoxes, the Earth's equator lies directly beneath the solar point. 

Between Summer and Winter solstices the equator is shifted a total of 2 

times 23.5 or 47° over this six month period (the same occurs in the opposite 

direction between Winter and Summer. This oscillation accounts for the 

seasons. At intermediate times the heating patterns relative to the Earth's 

geography tend, on average, to fall between the extremes. In either 

hemisphere, this next diagram applies. 

 

In the summer case, the angle between a direct line to the Sun and the 

nearby horizon (Earth's surface meets the atmospheric base in the line of 

sight) is higher than in the winter case. This simply means that the Sun 

appears higher in the sky at Noon in Summer than in Winter.  
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A soybean field. Left: backscattering (sun behind observer). Right: forward 

scattering (sun opposite observer), note the specular reflection of the leaves. 

Photograph by Don Deering.  
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A barren field with rough surface Left: backscattering (sun behind observer), note 

the bright region (hotspot) where all shadows are hidden. Right: forward scattering 

(sun opposite observer), note the specular reflection. Photograph by Don Deering.  
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The camera maintained aperture, exposure time and focal length constant (k=16, 

t=1/15, f=135mm). 

 

Note that nadir = downlooking; normal to horizontal surface 
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In the image from August 12, 2007, intact forest is deep green, while cleared areas are tan 
(bare ground) or light green (crops, pasture, or occasionally, second-growth forest). This 
image is one of ten images in the Earth Observatory’s World of Change: Amazon 
Deforestation article.  

 

The fishbone pattern of small clearings along new roads is the beginning of one of the 
common deforestation trajectories in the Amazon. New roads (legal and illegal) attract 
small farmers, who clear some land for crops. When the soil gives out, they convert the old 
croplands to pasture and clear new forest. When yields fall again and not enough forest 
remains to clear, they sell or abandon their small holdings to larger-scale ranchers, who 
consolidate the small farms into large pastures. 
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The state of Rondônia in western Brazil is one of the most deforested parts of the Amazon. By the 
beginning of this decade, the frontier had reached the remote northwest corner of Rondônia, pictured 
in this pair of images from the Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s 
Terra satellite from 2007.  

 

The image from September 30, 2007, shows one consequence of forest clearing in the Amazon: 
thick smoke that hangs over the forest at different times throughout the dry season. Fire is the 
primary tool for clearing land in the Amazon, and it doesn’t always stay where land owners intend it 
to. It frequently escapes control and invades adjacent forest and pasture. In 2007, the biomass 
burning season in the Amazon was the most intense of this decade. This smoky sight was common 
throughout August and September.  
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NASA images by Jesse Allen and Robert Simmon, based on data from the MODIS science team. 
Caption by Rebecca Lindsey.  

Instrument: Terra - MODIS  
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NASA MODIS website;  



GIMMS  (Global Inventory Modeling and Mapping Studies)  data set is a 

normalizeed difference vegetation index (NDVI) product available for a 25 year 

period spanning from 1981 to 2006. The data set is derived from imagery obtained 

from the Advanced Very High Resolution Radiometer (AVHRR) instrument onboard 

the NOAA satellite series 7, 9, 11, 14, 16, and 17. This is an NDVI dataset that has 

been corrected for calibration, view geometry, volcanic aerosols, and other effects 

not related to vegetation change. 

 

Figures are from R. DeJong et al. 2011. Remote Sensing of Environment 115: 692-

702. 
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The Along Track Scanning Radiometers (ATSR) are multi-channel imaging 

radiometers operated by the European Space Agency with the principal objective of 

providing data concerning global Sea Surface Temperature (SST) to the high levels 

of accuracy and stability required for monitoring and carrying out research into the 

behavior of the Earth's climate. The ATSRs are a series of 'Announcement of 

Opportunity' (AO) instruments, jointly funded by the UK and Australia and flying on 

board the European Space Agency's ERS-1, ERS-2 and Envisat satellites. The first 

in the series was designated ATSR-1, the second ATSR-2 and the currently 

operational instrument is the third in the series, the Advanced ATSR (AATSR). The 

fourth ATSR, called the Sea and Land Surface Temperature Radiometer (SLSTR), 

is funded and developed directly by ESA and will be flown on ESA's Sentinel-3 

satellite (to be launched in 2013). 
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MC Hansen et al. 2010. PNAS May 11, 2010 vol. 107no. 19: 8650-8655. The 

methodology is based on a stratified random sample of 541  18.5-km × 18.5-km 

blocks (a sampling density of 0.22%) and employs data from two satellite-based 

sensors.  Coarse spatial resolution data from the MODIS (Moderate Resolution 

Imaging Spectroradiometer) sensor enable the stratification of the earth’s forested 

biomes into regions of homogeneous 

forest cover loss. Landsat Enhanced Thematic Mapper Plus (ETM+) data obtained 

for the sampled blocks were then used to quantify area of year 2000 forest and area 

of GFCL. 
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Fire scars before and after fire.  

Used NBR (Normalized Burn Ratio) 

Note different calendar dates? Why? 
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Regeneration patterns after fire in two semi-arid shrub communities: 

Northern mixed chaparral and Coastal sage scrub. 
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An unburned control plot having similar environmental features was 

employed to generate relative fire regeneration indices 

Indices were calculated using the SMA Green Vegetation (GV) endmember 

and the NDVI.  
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Normalized Regeneration Index using SMA Green Vegetation endmember 

(NRIGV) produced the best estimate for the time to recovery in both 

communities, based on recovery times in the literature.  

 

The use of NDVI worked well for recovery in the Northern mixed chaparral, 

but was less successful in the coastal sage scrub, mainly because of 

extensive herbaceous cover in early years of the regeneration process.  

Matching burns in different years to plots having similar environmental 

features improved estimates of recovery 
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Annual NDVI time series for precipitation dependent winter growth (grains and 

grasslands) and irrigated summer crops. 
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Image of the spatial yield data collected with the cotton yield monitor. Spatial 

distribution can be seen. 
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This is a color composite of the airborne hyperspectral imagery collected for 

each date. We can see how the cotton develops and the spatial changes 

over time. 
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Hyperspectral data from the reflectance image at different areas of the field, 

for low and high growth. It shows good spectral shape. 
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Calculation of indices from AVNIR hyperspectral data. 
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Time series of reflectance (up) and indices (bottom) for low (left) and high 

(right) growth areas show consistent spectra and indices calculated from the 

imagery. The time series show the behavior of indices over time as the crop 

develops. 
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Relationships between yield and structural indcies (top left), chlorophyll (top 

right), red edge (lower left), and water indices (lower right). The MAX label 

indices the maximum relationship between yield and any index at any time. It 

shows that structural indices perform better at early stages, while chlorophyll 

indices perform better at later stages right before harvest. 
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Field segmentation was performed to derive within-field areas of 

homogeneous yield into 3 clases= high yield, medium, and low yield areas. 
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Yield classes obtained with k-means with 60 bands, NDVI and OSAVI a 

input, compared with 3 classes obtained from the yield image. 
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Time series of the field segmentation into three clases for OSAVI index. It 

can be seen that field segmentation accuracy is function of the time on the 

season. Classes size and distribution change over time. 
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Red-green ratio usefull to distinguish the 4 species 
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