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Energy Balance

Available net radiation is used to do work in the Earth system. The principal use of this energy is
in the phase change of water (latent heat, LE), changing the temperature of the air (sensible
heat, H), and subsurface (ground heat, G) or,

Q* = H + LE + G

Though there are other uses for net radiation like photosynthesis and the weathering of rocks, it
is the three previously stated uses that are most important. LE, H, and G involve non-radiative
transfers of heat. That is, conduction or convection/advection are responsible for the transfer of
heat, not electromagnetic radiation.

When work is done, like heating the air above the surface, there is a transfer of energy (heat)
from one place to the next. To illustrate the transfer of energy we'll use arrows either pointing
away from or toward the surface of the Earth to indicate the direction of heat transfer. We will
also use positive and negative signs to indicate that heat is being added to, or taken away from a
body. Following the conventions of Sellers (1965) and Oke (1987), non-radiative fluxes directed
away from a surface are positive. Thus positive values indicates a loss of heat from the surface
while negative values indicate a gain.

Sensible Heat Transfer (H)

Figure 4.21 Sensible heat transfer

Sensible heat is heat energy transferred
between the surface and air when there is
a difference in temperature between
them. A change in temperature over
distance is called a "temperature

gradient". In this case, it is a vertical temperature gradient, i.e., between the surface and the air
above. We feel the transfer of sensible heat as a rise or fall in the temperature of the air. Heat is
initially transferred into the air by conduction as air molecules collide with those of the surface.
As the air warms it circulates upwards via convection. Thus the transfer of sensible heat is
accomplished in a two-step process. Because air is such a poor conductor of heat, it is convection
that is the most efficient way of transferring sensible heat into the air. 

When the surface is warmer than the air above, heat will be transferred upwards into the air as a
positive sensible heat transfer. The transfer of heat raises the air's temperature but cools the
surface.   If the air is warmer than the surface, heat is transferred from the air to the surface
creating a negative sensible heat transfer. If heat is transferred out of the air, the air cools
and the surface warms. This situation may take place at night when the sun goes down and there
is no input of solar radiation. At this time, the ground cools due to longwave emission and the air
directly above the surface is warmer.  

Latent Heat Transfer (LE)

When energy is added to water it will change states or phase. The phase change of a liquid to a
gas is called evaporation. If we could see down to the molecular level we would find water being
comprised of cluster of water molecules (H2O). The clusters are bound together by bonding
between the hydrogen atoms of water molecules. The heat added during evaporation breaks the
bonds between the clusters creating individual molecules that escape the surface as a gas. The
heat used in the phase change from a liquid to a gas is called the latent heat of vaporization.
We say it is "latent" because heat is being stored in the molecules. Water molecules release latent
heat during the condensation process. We can't sense or feel latent heat as it does not raise the
temperature of the water molecules. 

When evaporation is taking place we say there is a positive latent heat flux (transfer). A
positive latent heat flux (Figure 4.22) is illustrated with an arrow pointing up away from the
surface of the earth. This indicates that the surface is losing energy to the air above. Evaporation
is a cooling process for a surface because energy is removed from the water as molecules escape
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the surface. This causes the surface temperature to decrease. You've probably experienced this
cooling when water or sweat evaporates from your skin. 

Figure 4.22 Latent Energy Transfer

Condensation is the phase change from a
gas to a liquid. During the phase change,
the latent heat that was taken up during
evaporation is released from the water

molecule and passed into the surrounding air. During this process latent heat is converted to
sensible heat causing an increase in the temperature of the air. 

When radiation is absorbed by the Earth it will raise the temperature of the surface. But if the
surface is water, some of that energy is used in evaporation rather than heating the water. As a
result, with equal inputs of energy to land and water surfaces, land will heat up more than water.
This is one of the reasons why it is cooler near large bodies of water.

Ground Heat Transfer (G)

The third major use of radiant energy is to warm the subsurface of the Earth. Heat is transferred
from the surface downwards via conduction. Like in the case of sensible heat transfer, a
temperature gradient must exist between the surface and the subsurface for heat transfer to
occur. Heat is transferred downwards when the surface is warmer than the subsurface (positive
ground heat flux). If the subsurface is warmer than the surface then heat is transferred upwards
(negative ground heat flux). 

Figure 4.23 Ground heat transfer

The transfer of energy to and from the
surface varies over the course of a day.
Figure 4.24 shows the relative amounts and
direction of energy flow during the day and
night for a moist surface. During the day net radiation is a positive value as incoming radiation
exceeds outgoing radiation allowing the surface to gain energy. The energy is distributed over
the three major categories of energy use, LE, H, and G. During the day, the available radiant
energy is used to evaporate water into the air, raising the air's humidity. Sensible heat is
transferred upwards to warm the air above the surface. Heat is also conducted down into the
subsurface. At night the processes reverse. At night with no incoming solar radiation there is
more outgoing radiation than incoming creating a negative value for net radiation. Under these
circumstances the surface cools due to a loss of energy and heat is transferred from the air
toward the surface. As air cools through the evening the loss of energy allow condensation to
occur, so long as the air's humidity is at or near saturation. Notice that the arrow for the ground
heat flux G is pointing upward toward the surface. This indicates that the energy that had been
stored in the subsurface during the day is now conducted toward the surface. This occurs as the
surface is cooler than the subsurface.
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Figure 4.24 Types of energy balances.
(After Rouse 1979 )

Figure 4.24 also shows the differences between how energy is used in moist and dry locations.
Water is available at the surface for evaporation and latent heat transfer into the air at moist
locations. Without available water, no transfer of latent energy occurs, hence the absence of an
LE flux for the dry surface. Most of the available energy, Q*, is allocated to sensible heat transfer
creating warm air temperatures.

Investigate more about the energy balance by "Digging Deeper: Local Energy Balances"
or skip and continue reading.

Assess your basic understanding of the preceding material by "Looking Back: Radiation
and Energy Balances" or skip and continue reading.
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