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Carbon dioxide has risen by 36% since 
accurate measurements began in 1958

Mauna Loa Observatory on Hawai’i 318 ppm (1958)

388 ppm (2008)

Presenter
Presentation Notes
The photo in the background shows the Mauna Loa Observatory at dusk (courtesy Forrest Mims).  This is where, in 1958, Charles David Keeling began his now-famous atmospheric carbon dioxide data set – sometimes called “the Keeling Curve.”  The data trend shows carbon dioxide has risen from about 318 parts per million in 1958 to about 388 ppm in 2008.  The gray “saw-toothed” line shows actual measurements and the red line shows the running mean value.  (Data courtesy NOAA Earth System Research Laboratory)  



“The rise in CO2 is proceeding so slowly that most 
of us today will, very likely, live out our lives 
without perceiving that a problem may exist” 

Keeling CD, Harris TB, Wilkins EM, 1968. Concentration of atmospheric carbon dioxide at 500 and 700 
millibars. J. Geophys. Res. 73:4511-28



Fossil and Cement Emissions
Global fossil and cement emissions: 9.5±0.5PgC in 2011, 54% over 1990

Projection for 2012: 9.7±0.5PgC, 58% over 1990

Uncertainty is ±5% for one standard deviation (IPCC “likely” range)

Source: Peters et al. 2012a;  Le Quéré et al. 2012; CDIAC Data; Global Carbon Project 2012

http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


Emissions from coal, oil, gas, cement
Emissions growth 2000-2011: coal (4.9%/yr), oil (1.1%/yr), gas (2.7%/yr), 

cement (6.9%/yr), flaring (4.3%/yr, not shown)

Source: CDIAC Data; Le Quéré et al. 2012; Global Carbon Project 2012

Share of global 
emissions in 2011

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/


Top Fossil Fuel Emitters (Absolute)
Top four emitters in 2011 covered 62% of global emissions
China (28%), United States (16%), EU27 (11%), India (7%)

The growing gap between EU27 and USA is due to emission decreases in Germany (45% of the 
1990-2011 cumulative difference), UK (19%), Romania (13%), Czech Republic (8%), and Poland (5%)

Source: CDIAC Data; Le Quéré et al. 2012; Global Carbon Project 2012

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/


The Human Perturbation of the CO2 Budget (2000-2009)

1.1±0.7 PgC y-1 +

4.1±0.1 PgC y-1

47%

26%
2.3±0.4 PgC y-1

2.4 PgC y-1

27%

Global Carbon Project 2010; http://www.globalcarbonproject.org/carbonbudget/index.htm

7.7±0.5 PgC y-1

Calculated as the residual

http://www.globalcarbonproject.org/carbonbudget/index.htm


Pan et al. 2011, Science

Large and Consistent Global Forest Carbon Sink

Presenter
Presentation Notes
Carbon sinks and sources (Pg C yr-1) in the world’s forests. Down-arrows represent sinks, while up-arrows sources. Dark and grey colors are for boreal, temperate and intact tropical forests, and dark and light brown colors are for tropical regrowth forests from deforested lands. 



Efficiency of Natural Sinks

Land Fraction

Ocean Fraction

Canadell et al. 2007, PNAS

Presenter
Presentation Notes
The global oceanic CO2 sink removed 25% of all CO2 emissions for the period 2000-2007, equivalent to an average of 2.3 PgC per year. The size of the CO2 sink in 2007 was similar to that in the previous year but lower by 0.1 PgC compared to its expected increase from atmospheric CO2 growth. This was due to the presence of a La Nina event in the equatorial Pacific. The Southern Ocean CO2 sink was higher in 2007 compared to 2006, consistent with the relatively weak winds and the low Southern Annular Mode. An analysis of the long term trend of the ocean sink shows a slower growth than expected of the CO2 sink over the last 20 years. Terrestrial CO2 sinks removed 29% of all anthropogenic emissions for the period 2000-2007, equivalent to an average of 2.6 PgC per year. Terrestrial ecosystems removed 2.9 PgC in 2007, down from 3.6 Pg in 2006, largely showing the high year-to-year variability of the sink. An analysis of the long term trend of the terrestrial sink shows a growing size of the CO2 sink over the last 50 years. 

http://www.ihdp.uni-bonn.de/






Relating transpiration and photosynthesis to NDVI, 1988







Driving ecosystem models with satellite data, concept for 
NASA Global Habitability, 1983
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EOS TERRA launch
Dec. 18, 1999



 MOD 09 Surface Reflectance

 MOD 11 Land Surf. Temp. / Emissivity

 MOD 12 Land Cover / Change

 MOD 13 Vegetation Indices

 MOD 14 Thermal Anomalies / Fire

 MOD 15    Leaf Area Index / FPAR

 MOD 16    Evapotranspiration/SR

 MOD 17 Primary Production
 MOD 43 BRDF / Albedo

 MOD 44 Vegetation Continuous Fields

MODIS LAND PRODUCTS

Presenter
Presentation Notes
There is a diverse suite of user products available To the left is the short name/to the right is a product description.Of all these Land products I am focusing this discussion today on Leaf area index/ evapo-transpiration and Primary Production.  Which I might refer to as MOD15, MOD16 and MOD17 respectivelyWe will start with Leaf area index.  A quick note before we begin however:  The MODIS data are not available between the period of June 10 and june 26 due to some electronic problems. So all data you will seee today which span that period were interpolated using a simple linear interpolation from the periods on either side of the failure. 



Potential limits to vegetation net primary production based on fundamental physiological 
limits by solar radiation, water balance, and temperature (from Churkina & Running, 
1998; Nemani et al., 2003; Running et al., 2004).

Water = 40%, Temperature = 33%, Radiation = 27%



Seasonal Growing Season Constraints

Jolly, Nemani, Running. Global Change Biology 2005

Russia, Boreal

Africa, Savannah



Jolly, Nemani, Running. Global Change Biology 2005 



Climate space of global NPP



VPD

Temperature

GPP = Light  X  Conversion Efficiency

GPP = f (PAR) x ε

fPAR, PAR

GPP

Biome
Properties
Look-Up
Table (εmax )



Temperature

LAI

GPP

NPP = Annual GPP  - Autotrophic 
Respiration

NPP = ∑ GPP – (Rm+ Rg)

NPP

Biome
Properties
Look-Up
Table



Change in Terrestrial NPP from 1982 to 1999

Nemani et al., Science June 6th 2003



Global  Terrestrial Net Primary Production  
(1982-2012)

+/- 1Pg or about 2%
Nemani et al 2003, Zhao and Running 2010



Temperature is a control factor of growing 
season for NH but not SH !

Zhao & Running 2010, Science
For NH, 125 days snow cover
For SH, 7.5 days snow cover

Presenter
Presentation Notes
This is derived from the Colleciton5 MODIS snow cover dataset.



Global MODIS NPP Anomaly

Zhao & Running 2010, Science 
R = -0.89, p < 0.0006

Presenter
Presentation Notes
The current financial crisis had a small but probably discernable impact on the emissions growth rate in 2008 (growth rate of 2.0% down from 3.4% per year average over the previous 7 years). Despite this slowdown, fossil fuel emissions continue to track the average of the most carbon-intensive scenario of the Intergovermental Panel on Climate Change. In 2009, we project emissions to decline to levels observed in 2007 with negative growth of -2.8%. Positive growth is expected return in 2011 as the change in global Gross Domestic Product goes positive.We have estimated emissions for 2009 based on the projection of -1.1% GDP growth rate provided by the International Monetary Fund (October 2009) and assuming a continue global decline in the carbon intensity of the GDP as seen over the last 30 years (-1.7% per year). 



NPP over two hemisphere trend (2000-2009)

Zhao & Running 2010, Science

For NH, R = 0.39, p < 0.27
For SH, R = 0.87, p < 0.001

Presenter
Presentation Notes
PDSI is Palmer Drought Severity Index



Comparison of GPP from Terra-MODIS 
and AmeriFlux Network Towers

Biome types used in comparison:  forests 
(evergreen needleleaf, deciduous broadleaf, and 
mixed species), oak savanna, grassland, tundra, 
and chaparral.









Climate Park Falls, WI (WLEF Tall Tower)
2003 Tower Data vs. Interpolated DAO Data
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Presenter
Presentation Notes
Meteorology tends to explain about 27% of the difference between DAO & Tower results.Meteorology is not an issue at this site.     The DAO tends to capture the trends at the site.The most likely sources of error at this site include the      over-estimation of LAI.  MODIS estimates LAI at     ~5, but site LAI is closer to 3.  Also, consistent     cloudiness in the region leads to potential     contamination of the input LAI/fPAR, which     is then filled by linear interpolation.



Park Falls, WI (WLEF Tall Tower), 2003
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Tower GPP = 866.38 gC m-2 y-1

MODIS GPP (C4.5) = 1292.40 gC m-2 y-1

MODIS GPP (Tower met) = 1202.39 gC m-2 y-1

Presenter
Presentation Notes
Park Falls is a transitional site.Also, as a tall tower, the footprint is much more similar to that      of MODIS.Again, MODIS GPP overestimates tower GPP throughout the year.     LC is less of an issue here as it is largely mixed forest.     However, the area consists of approximately 30% wetlands,          which cannot be captured by MODIS (no           soil component).     Still captures general seasonal trend as well as daily fluctuations          in productivity.



Grassland, Vaira Ranch, CA, 2001
MODIS GPP = 1134.86 gC m-2                  Tower GPP = 776.37 gC m-2

Biome-BGC GPP = 614.64 gC m-2

Julian Day
0 30 60 90 120 150 180 210 240 270 300 330 360

G
PP

 (g
C

 m
-2

 d
-1

)

0

2

4

6

8

10

12
MODIS
Tower
Biome-BGC



Validation MODIS GPP (annual total)

Heinsch et al., 2006, ITGARS



MONITORING REDD 
POLICY 

(Landcover Change)



The difference 
between potential” 
and “actual” 
landcover and the 
role of humans



MODIS EVI Profiles Per IGBP Land Cover Type
(Yearly Average) April 2000 to April 2003
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Cover of Ecological Applications
Nemani and Running 1997



Mildrexler, Zhou, Running. AGU Eos 87:461, 2006

Comparison of Land Surface Temperatures from Aqua MODIS
Sahara Desert vs central African Tropical Forest





GLOBAL Generalized Disturbance Index

Mildrexler et al 2006Mildrexler et al 2006



MODIS Annual Disturbance Index



Influence of disturbance on net carbon exchange,
relative to interannual climate variation and increasing CO2



Disturbance Impact on Land Biophysics

Running, S. Science  321, Aug 2008





Global Fires for 10 Days



Terrestrial Carbon Monitor
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CEOS ECV (Essential Climate Variables)
from GCOS – 138, Aug 2010

• Albedo
• Landcover
• FAPAR
• LAI
• Biomass (is NPP better?)
• Soil Carbon (from satellite?)
• Fire Disturbance 
• Soil Moisture
[ Note phenology is always implicitly part of other variables ]



3 – DIMENSIONS OF
CARBON CYCLE POLICY

FOOD PRODUCTION
BIOENERGY

CARBON CREDITS





PLANETARY BOUNDARIES
Rockstrom et al. Nature 2009

Related to NPP



Terrestrial NPP = Planetary Boundary??

Zhao et al., 2005, Remote Sensing of Environment





PARTITIONING OF GLOBAL NPP



THE MOST DISTANT IMAGE OF EARTH EVER TAKEN, 1 BILLION KM

WE BETTER NOT SCREW THIS PLANET UP

Earth 
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