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Diurnal stomatal 

conductance and leaf 

water potential, MS 

thesis, Oregon 1973



First systems model of 

tree water balance, 1975



Original FOREST-BGC flow diagram, emphasizing dual 

time steps, critical role of LAI, C-H2O-N interactions, 

and remote sensing applications, 1988
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Potential climate limits to plant growth derived from long-term

monthly statistics of minimum temperature, cloud cover and rainfall.

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 



VPD

Temperature

GPP = Light  X  Conversion Efficiency

GPP = f (PAR) x 

fPAR, PAR

GPP

Biome

Properties

Look-Up

Table (max )



Temperature

LAI

GPP

NPP = Annual GPP  - Autotrophic 
Respiration

NPP =  GPP – (Rm+ Rg)

NPP

Biome

Properties

Look-Up

Table



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.







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
P

P
 (

g
C

 m
-2

 d
-1

)

0

2

4

6

8

10

12
MODIS

Tower

Biome-BGC



Change in Terrestrial NPP from 1982 to 1999

Nemani et al., Science June 6th 2003



Bastos et al 2013

The global NPP dependence on ENSO: La Niña and the extraordinary year of 2011



Our first MODIS NPP over China, 2004

Total NPP(Pg C)

China:      2.49

Globe:    56.04

Percent:  4.78%



NPP driven carbon sink

(Poulter et al 2014)

For example, in Australia:
• 45% increase in NPP (LPJ and MODIS)
• 9% increase in Rh (LPJ)
• 29% decrease in fire emissions from 

GFED & GFAS observations

Net effect
• 0.84 Pg C sink in Australia
• Explained 60% of global anomaly
• Semi arid regions explained 51% of total 

land sink in 2011

Climate attribution
- Precipitation driven
- Regional lag effects

- Enhanced soil moisture from 2010 
precipitation in semi-arid regions

- Decrease in tropical Rh after 2010 
drought



Newest MODIS GPP and NPP
from Junbang Wang, Inst of Geographic Sciences and Natural Resources Res,

submitted to Global Change Biology



MONITORING REDD+ 

POLICY 

(Landcover Change)



Influence of disturbance on net carbon exchange,

relative to interannual climate variation and increasing CO2



GLOBAL Generalized Disturbance Index

Mildrexler et al 2006Mildrexler et al 2006



MODIS ANNUAL DISTURBANCE



Flaming Mtn, China 2004

Lut Desert, Iran

70 degC



Aqua MODIS Maximum Annual

Land Surface Temperature (2003-2009)

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





Global Forest Cover Change 2000 - 2012

Hansen, M. et al. Science  2013



From 2000 – 2012

50,000 new wells / year

3 million ha land lost

4.5 Tg C of NPP lost / yr



30

Carbon dioxide has risen by 36% since 

accurate measurements began in 1958

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

388 ppm (2008)



“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



Persistent Growth – Global

Assuming emissions follow projected GDP growth and accounting for improvement in carbon intensity,

we project fossil fuel and cement emissions to grow 3.1%/yr to reach 43.2 GtCO2/yr by 2019

Economic growth based on IMF projections, fossil fuel intensity based on 10-year trend
Source: CDIAC; Friedlingstein et al 2014

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.1038/ngeo2248


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


Global  Terrestrial Net Primary Production  

(1982-2014)

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



Efficiency of Natural Sinks

Land Fraction

Ocean Fraction

Canadell et al. 2007, PNAS

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


Smith et al 2015 Nature Climate Change, (in press)

CMIP5 projections of NPP are too strong



IS OUR CURRENT 

CONSUMPTION OF Biospheric 

NPP Sustainable*?

*Meeting needs and values of today’s generation, 

while preserving the planet’s life-support systems 

for the needs and values of future generations.



CROP YIELDS WILL NOT KEEP UP WITH 
POPULATION GROWTH to 2050

D.K. Ray et al PlosOne 2013



Global Water Supply Threat

The global percentage of dry areas has 
increased by about 1.74% (of global 
land area) per decade (11%) from 1950 
to 2008.      Aiguo Dai. J.Geophysical Res 2011

Vorosmarty et al Nature 2010



Unsustainable groundwater withdrawal
Depletion rate   4cm/yr 

Groundwater withdrawals as % of recharge, 2002-2008. 
Rodell et al Nature 2009











Terrestrial NPP = Planetary Boundary??

Zhao et al., 2005, Remote Sensing of Environment



From Running, SW. Science 337 p1458-1459, 2012



Planetary Boundaries, Rockstrom et al 2009, NATURE, 
Steffen et al 2015 SCIENCE



Future Bioenergy Potential
(estimated by economists)

(Gritsevskyi & Schrattenholzer, 2003)

Bioenergy Potential: 
~ 425 EJ yr-1



Capacity for Bioenergy Production 
(estimated by ecologists)



Observed Emissions and Emissions Scenarios

Our knowledge, modeling and monitoring is now 
good enough for policy

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014

Data: CDIAC/GCP/IPCC/Fuss et al 2014

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


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

WE BETTER NOT SCREW THIS PLANET UP

Earth 


