
Energy is the currency of life and is the currency that drives the metabolism of
ecosystems.
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Our lives and the world around us functions with energy, most coming from the sun.
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To understand energy, we need to understand the units. To understand the units we 
must understand the physics and terms. So with this information in hand, we can 
always remember the units of energy, as ideas of force and its derived variable 
work, are intuititve.
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Why are work and energy important? They are part of the first laws of 
thermodynamics. Just like an English major should know Shakespeare, a scientist 
should know the laws of thermodynamics.
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I’ve come to view the process of life, like a battery.  The flow of electrons from 
chemical energy drives this battery and the flows, gains and losses of electrons are 
associated with REDOX.  Whendee is more expert on this topic and will cover it 
more and better with decomposition.
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This paper and schematic by Whendee’s colleague is a great primer on the flows of 
electrons and the energy that flows from organic matter, that is stored energy from 
the sun.  Burgin et al 2011 Frontiers Ecology
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While most energy is consumed by photo-autotrophs in the form of sunlight, 
microbes are adroit at extracting chemical energy in their environment using stored 
energy in the form of organic matter, or via inorganic pathways by exploint redox 
potentials. 

Burgin et al 2011 Frontiers Ecology
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The sun’s energy is captured through the light reactions of photosynthesis.
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The solar spectrum defines the amount of energy emitted by the sun across a range 
of wavelengths.  Most energy received at the Earth’s surface ranges between the 
ultraviolet (250 nm), through the visible (400-700 nm) and out to the near infrared 
(700-3000 nm).  The peak wavelength is in the blue region and the shape of this 
spectrum is a function of the Sun’s surface temperature
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Planck’s Law defines the spectral distribution of energy emitted by any black body 
and is a function of its surface temperature and the wavelength.
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Shorter wavelengths have more energy, hence Ultraviolet light causes skin cancer 
and sunburns. The co-evolution of the production of oxygen via photosynthesis, 
enabled the ozone layer to form a protective layer and enhanced the evolution of 
higher forms of life.
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Integration of Planck’s law with respect of wavelength yields the amount of energy 
under the curve. It simplifies to the Stefan Bolzmann law which says the amount of 
energy emitted is a function of the surface temperature to the 4th power..Here is a 
highly non linear function, one that has a profound effect on the surface energy 
balance of an organism, including you!
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The earth is at a much cooler temperature than the sun, so its spectrum is shifted 
towards longer wavelengths and the spectral density at a given wavelength is low.  
The earth emits long wave, infrared energy. This energy also corresponds to 
wavelengths absorbed and re emitted by many greenhouse gases, like CO2, CH4, 
N2O, enabling a warm surface and liquid water for life.
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How much energy does an ecosystem receive.  At my field sites, and across 
Fluxnet, we measure incident solar energy. Near Ione, we measure over 6000 MJ 
m-2 y-1 of sunlight per year.
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The amount of sunlight received is a strong function of latitude.  Why may this 
happen?  And if it is a function of latitude why may there be less sunlight at the 
tropics and equator?
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Sunlight is directional, hence the observation of microclimates.  So the incident
amount of sunlight on a flat plane is a function of the cosine of the solar zenith 
angle, or the sine of the solar elevation angle.
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The energy balance is a KEY concept of ecosystem ecology, as well as 
biometeorology.  Do understand the differences between incoming solar radiation 
and incoming and outgoing Longwave or terrestrial energy.
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Photons are either absorbed, reflected or transmitted by a leaf. The ratios add to 
one and are dependent upon wavelength of the light.  Leaves are darker in the 
visible as they use that energy for photosynthesis. They are highly reflective in the 
near infrared as they want to reduce their heat load.
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Classic spectrum of an oak leaf. Leaves are darker in the visible as they use that 
energy for photosynthesis. They are highly reflective in the near infrared as they 
want to reduce their heat load.
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The spectral reflectance of a landscape varies with time with physiological activity 
and the abundance of green leaf material.
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At the landscape and global scale we also are concerned with albedo, the 
reflectance of the surface with regards to incoming solar energy

28



Love the word Albedo and convinced my wife to name our late puppy Albedo. A 
Maltese/Bichon mix, he was truly reflective; note he has been replaced with a highly 
reflective puppy named Tule Fog and her darker brother Zephyr, a King Charles-
Coton de Tulear mix.
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Albedo varies globally with season and type of vegetation.
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Tall primal forests are dark. Secondary forests are much brigher.
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Tall forests in the northwest possess some of the lowest albedos in the world, below 
6%
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Albedo can vary with nutrition.  This work is controversial, but it is functional.
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Snow is bright, but boreal forests are darker than previously thought because they 
stick up above the snow
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What happens to net radiation? It drives evaporation in the form of latent heat 
exchange, heats the air in the form of sensible heat exchange and warms the soil 
and plants through heat conduction. Less then 2% drives photosynthesis.
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The energy balance of landscapes differ from one another. These are figures 
derived from studies I produced in the 1990s over boreal forest in Canada and an 
oak forest in Tennessee
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We need to know about how light is transmitted through vegetation to illuminate 
leaves at different layers.
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Beers law is a powerful idea on the probability light will transmit through vegetation. 
It is a function of leaf area index, the angle of the sun and the angle of the leaves.
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We use statistical theory to model light transmission

39



40



41

US uses 105 EJ per year; EJ is 10^18 J
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PS Efficiency, adapted from Bolton and Hall 1991
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Not all incident energy is used.  There are losses and inefficiencies through the 
energy cascade between intercepted energy and the biomass produced, and how 
that biomass is consumed by other trophic levels
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Schlesinger et al 2011 Frontiers Ecology
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