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Climate/Carbon Cycle and Carbon 
Emission Verification--Satellites are 

crucial
• Land & Ocean Photosynthesis – MODIS-

VIIRS
• LULCC, Deforestation etc. – Landsat MODIS
• Land fires esp. forest fires – Landsat-

MODIS
• Permafrost soils, peat etc. – Landsat-MODIS
• Direct measurement of atmospheric CO2 

– Orbiting Carbon Observatory-2
– Laser techniques (ASCENDS)

• Vegetation height and structure



Houston, We Have a 
Problem…

We are altering 
our planet’s 

climate



Atmospheric CO2 since 
1740

Different δ CO2 slopes 
reflect                   δ
time 

techno-economic 
conditions

385 ppm now



Atmospheric CO2 
measurements
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Arctic Coastal Tundra



MODIS Surface Temperature



Land NPP—FPAR –NDVI driven

Nemani et al. 
2003
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Land NPP Limitations

Nemani et al. 2003



Landsat – A key climate 
sensor

Absolutely crucial land climate sensors:
•Landsat 1972 – now

•AVHRR-MODIS-VIIRS 1981 -- now
•Lidar & InSAR for the 3rd Dimension 

(DESDnyI)
Why?

Land use, land cover change/climate
Carbon cycle land/climate

Cryosphere, etc.



Landsat – A key climate 
sensor
Why?

1. 30 m spatial resolution close-to-
perfect match to surface variability 
(Townshend and Justice 1988)
2. Spectral bands are well situated 
3. Repeat cycle OK
4. Excellent data system 



The Landsat 
thematic 

mapper and 
enhanced 
thematic 

mapper are 
ideally suited 
for mapping 
land use and 
land cover 

change 



Deforestation 1992



How to enhance Landsat
• Landsat exploits the spatial & spectral 

domains
– 30 m spatial resolution excellent
– Excellent spectral band selection

• Exploit the time domain (e.g. AVHRR, 
MODIS, Seawifs, etc.) but at 30 m spatial 
resolution with TM/ETM spectral bands

• Wider field of view, 4-5 day repeat cycle
• Build multiple instruments (e.g. 

Landsat-5’s TM) = Continuity!!





N. India -Subtropical
Pasture, Agriculture, woodlands

Siberia -Boreal
Evergreen and Deciduous forest, wetland

Satellite Observations of Burned Area

320 km

MODIS 500m

Relationship between burned area and fire counts can vary regionally



Science: 

Effect of Fires on Atmospheric Compositi
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Business-as-Usual
(2% annual growth until 50% depletion, then 2% annual decline)



Western Coal



24

Western Coal

Photo by        Aaron 
Hockney
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Alternative Case: Coal Phaseout
(+2%/yr to 2012; +1%/yr to 2022; linear shutdown between 2025-2050)



Famous Thieves of the George H.W. 
Bush years

Bernie Madoff’s Ponzi Scheme—
stole 60 B $ from investors under 

the noses of the SEC

Sean O’Keefe, NASA 
Administrator under 
George H. W. Bush, 

diverted 1 B $ from NASA 
Earth and Space Science 
between 2001 and 2005.

Allen 
Stanford—
stole 8 B $ 
from his 
investors
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