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Processes of absorption, reflection and scattering of radiation through the atmosphere determine the available short -wave 

radiation finally reaching Earth’s surface. 1
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Learning objectives

• Explain why plant processes are 

important for the atmosphere.

• Assess the importance of the energy 

absorbed in photosynthesis or heat 

released by respiration.

• Describe what controls the exchange 

of water and carbon between a leaf 

and the atmosphere.
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In the beginning there was cyanobacteria
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Photosynthesis across the globe

Mean annual GPP

GEP (g C m-2 yr-1)
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The ‘breathing’ of the biosphere
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The land sink for CO2
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Inside a leaf
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Exchange between plants and the atmosphere
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Photosynthesis and respiration
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Gross chemical processes
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Net ecosystem productivity (NEP)

Net ecosystem productivity (NEP) is the primary component of the carbon balance in 

most terrestrial ecosystems. It is defined as the difference between ecosystem scale 

photosynthesis (or Gross Primary Productivity; GPP) and ecosystem respiration (ER) 

(units are generally in mol m-2 s-1 or g m-2 s-1 ):

NEP = GPP-ER

Ecosystem respiration (ER) is the total aerobic respiration of CO2 by an ecosystem:

ER = AR + HR

Autotrophic respiration (AR) is CO2 respired by primary producers (i.e., plants)

Heterotrophic respiration (HR) is CO2 respired by all other living organisms (i.e., 

bacteria, animals, fungi). This CO2 is also derived from GPP, but in a more 

roundabout way.
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Carbon uptake or release from ecosystems?
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Carbon uptake or release from ecosystems?
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Test your knowledge

A

B

C



Knox / GEOG 321

Lecture 30 – Plant-atmosphere interactions

Energy associated with NEP

Energy absorbed in photosynthesis or heat released by respiration can be expressed 

as a storage energy flux density (in W m-2):

△QP = ɸNEP
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△QP is so small that it is often neglected in the energy 

balance (but NEP is key to the carbon balance!)

19

Net =     Sensible  +  Latent heat +         Soil       +   

all-wave          heat flux          flux density            heat flux

radiation density (evapotranspiration)    density

Energy balance

Infiltration

Runoff 

Water storage

+

+

+

Precipitation

Water mass balance 

Photosynthesis (GPP)

Respiration (ER)

-

Net CO2 flux (NEP) 

(△QP)

Carbon mass balance

Linked via 

stomatal 

control

Much more relevant in the surface energy balance of a land-atmosphere interface is the 

stomatal control of transpiration.
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Exchange of water through plants
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Evaporation vs. transpiration
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Conversion efficiency of sunlight to chemical energy
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Light response curve & light saturation
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Different photosynthetic pathways

(high temperature/low 

water availability)
(normal conditions) (high temperature/high 

water/high light availability)
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Photosynthesis – biochemistry rules efficiency
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Temperature response of photosynthesis
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CO2 response of photosynthesis
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Resistance approach
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Stomatal response to humidity and temperature
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Stomatal resistance – response to environmental 

variables
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Timelapse: photosynthesis from space
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Take home points
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