
The Role of the Terrestrial 

Biosphere in global climate and 

carbon cycles 

Steven W. Running

Numerical Terradynamic Simulation Group

College of Forestry and Conservation

University of  Montana

NASA NAC Science Committee

March 10, 2016



2
Mauna Loa Observatory on Hawai’i 

Carbon dioxide has risen by 38% since preindustrial 



“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



Diurnal stomatal 

conductance and leaf 

water potential, MS 

thesis, Oregon 1973

When I 
started, none 
of us worried 
about policy 
relevance, or 
explaining our 
science to 
journalists (or 
taxpayers)



Integrated, Multiple Constraints on the Biosphere
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Global NPP 1983 version



Driving ecosystem models with satellite data, concept for 

NASA Global Habitability, 1983



Potential climate limits to plant growth derived from long-term

monthly statistics of minimum temperature, cloud cover and rainfall.

Water = 40%, Temperature = 33%, Radiation = 27%
Nemani et al. 2003

Running et al 2004



Jolly, Nemani, Running. Global Change Biology 2005 



GPP = Light  X  Conversion Efficiency

GPP = f (PAR) x 
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NPP = Annual GPP  - Autotrophic 
Respiration

NPP =  GPP – (Rm+ Rg)

NPP

GPP

LAI

Temperature

Biome
Properties
Look-Up
Table



Change in Terrestrial NPP from 1982 to 1999

Nemani et al., Science June 6th 2003



Net Primary Productivity Indicator

NPP (gC/m2)

> 80 gC m2 yr-1

> 40 gC m2 yr-1

> 0 gC m2 yr-1

< 0 gC m2 yr-1

< -40 gC m2 yr-1

< -80 gC m2 yr-1

Percentage of area 
above or below the 

13-year NPP average



SEA LEVEL RISE

La Nina rain 
on Land



NPP driven carbon sink

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 - (Poulter et al 2014)



From 2000 – 2012

50,000 new wells / year

3 million ha land lost

4.5 Tg C of NPP lost / yr



Emissions from fossil fuel use and industry

Global emissions from fossil fuel and industry: 35.9 1.8 GtCO2 in 2014, 60% over 1990 
Projection for 2015: 35.7 1.8 GtCO2, 59% over 1990

Uncertainty is 5% for 
one standard deviation 

(IPCC “likely” range)

Estimates for 2012, 2013, 2014, and 2015 are preliminary 
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/


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

+

7.7±0.5 PgC y-1

1.1±0.7 PgC y-1

4.1±0.1 PgC y-1

47%

2.4 PgC y-1

27%
Calculated as the residual

26%
2.3±0.4 PgC y-1

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

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


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  Terrestrial Net Primary Production  

(1982-2014)

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



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

Zhao and Running. 
Science 329: 940-043 (2009)



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





CMIP5 projections of NPP are too strong

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



Future Bioenergy Potential
(estimated by economists)

Bioenergy Potential: 
~ 425 EJ yr-1

(Gritsevskyi & Schrattenholzer, 2003)





CAN WE MONITOR TIPPING POINTS WELL 
ENOUGH?   HOW ABOUT PREDICTION?

From US National Climate Assessment 2014



Terrestrial Carbon Monitor
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Observed Emissions and Emissions Scenarios

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

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

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