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Fate of Anthropogenic CO, Emissions (2000-2009
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47%
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26%
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Modelled Natural CO, Sinks
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Potential climate limits to plant growth derived from long-term
monthly statistics of minimum temperature, cloud cover and rainfall.
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Water = 40%, Temperature = 33%, Radiation = 27%
Nemani et al. 2003
Running et al 2004




Seasonal Growing Season Constraints

Russia, Boreal

Index Value

Feb-00 Apr-00 Jun-00 Aug-00 Oct-00 Dec-00
Date

Africa, Savannah

Index Value

Jul-99 Nov-99 Mar-00 Jul-00
Date

B Vapor Pressure Deficit
T Daylength

BN Minimum Temperaure Jolly, Nemani, Running. Global Change Biology 2005




GPP = Light X Conversion Efficiency

GPP X

Aoed 2000




Net Primary Production trend (2000-2010)
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Zhao & Running 2010, Science



Global NPP Trend

From + in the 1980s-90s to a — in the 2000s
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Consistency in changes between vegetation indices and NPP
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MODIS Annual Disturbance Index
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Monitoring Vegetation Phenology using AMSR-E Optical Depths:
Comparison with MODIS LAI & Tower CO, fluxes

Vegetation Optical Depth
Mean 2003-2008
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30 Vegetation phenology assessment using AMSR-E
3 optical depth retrievals. Seasonal changes in AMSR-E
o optical depths coincide with MODIS LAI derived start
g of the growing season (above) and seasonal shifts in
E ME ecosystem respiration from tower eddy covariance CO,
3. ,,$§ measurements (left). The AMSR-E optical depths
‘g provide a unique measure of seasonal changes in
L o canopy biomass that is less impacted by atmospheric
g contamination than optical-IR remote sensing,

e enabling near daily observations of vegetation

= conditions.



Global Phenology Monitoring using Vegetation Optical Depth (VOD) from AMSR-E

e . - <R — | i i .,'_ c‘-:, '—,./ 7%« AMSR-E VOD (10.65GHz) is sensitive to
e - 3 ’ . . .
' : ' vegetation canopy biomass & is well
\,‘? .:

~

correlated with MODIS LAI, EVI & NDVI;

* The VOD is largely unaffected by clouds &
solar illumination, with potentially

MODIS LAI & : % continuous global, daily monitoring;
AMSR-E VOD \\ ! & . .

. : * The AMSR-E VOD provides a unique &
Correlation - I h | p
8-Day Data & Rvelue complimentary phenology dataset.
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ARE WE REACHING A LIMIT IN
BIOSPHERIC PRODUCTIVITY?

OR
HAVE WE HIT PEAK NPP?




rHow will Biospheric Production meet a population

increase of 40% and multiple new demands from
2011 - 2050?

Primary (Vegetation) Production is

normally increased by:

- Engaging more land
Irngat:on/fert:llzatmn
- Genet:c lmprovements
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Irrigated Land Area is NOT Increasing

World Imgated Area Per Thousand People, 1950-2003







Multi-Year Trend in Estimated Mean Annual ET and P-ET (1983-2006)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, » ~T13% of the
global domain

L. o shows a positive
% . ET trend;

""""""""" = g i B » ~51% of the

f | 3 "'domain shows a
‘negative water
- balance (P-ET)

,,,,,,,,,,,,,, trend.
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NitregenrLoading s aiready.
damaging therbiosphere

Galloway et al Science 2008




Phosphorus producion (MT F/yr)

Peck phosphorus curve
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Cordell et al 2009.
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IS OUR CURRENT
BIOSPHERIC
CONSUMPTION OF NPP
Sustainable*?

*Meetmg needs and values oﬁ‘toﬂay’s gengﬁathn ﬁ.; o
. while ;preservmg ‘the plane‘t’s Igfe-SL?p 1;1:, systen s
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Current Global Bioenergy Potential Estimates

* Current GBP estimates
range up to 300% of

global primary energy
consumption 2009.

-
* Bioenergy alone, w
adequate to fully

replace fossil fuels?

Current GBP Estimates

Adapted from Dornburg et al. 2010



| Global landcover:

MODIS NPP
MODIS LC
AGR2000
WDPA

Average global
NPP (2000-2006)
estimated from the
MODIS GPP/NPP

algorithm




Scenario Definition

Total net primary production
GBP Sustainable harvest of
CAP all aboveground NPP
GBP GBP,, without
BIO low productivity areas
GBP,van GBP, , without HANPP
GBP Sustainable harvest of
RES current harvest residues only




Low Productivity Areas

requirements exceed potential bioenergy output



Current Global Bioenergy Potential Estimates

 Achievable GBP:

Managed Land:
20-57% of GPECO09

Remote Land:
0-36% of GPECO09

» We integrate current *
natural and human
management factors,
which are inherent in
the MODIS NPP data
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Chmate change
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Terrestrial Carbon Monitor
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