Principles of Energy Balance
in Environmental Systems

Bruce Bugbee
Department of Plants, Soils, and Climate

Lecture 3

1. The concept of emissivity

2. Calculating long wave emitted

3. Calculating net longwave radiation

4. Calculating net absorbed short and longwave radiation
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Figure 7-1.  Schematic illustration of eight forms of radiant energy incident on an exposed leaf, including six
that involve shortwave irradiation from the sun and contain the letter § and two that involve
infrared (IR) radiation incident on the upper and the lower leaf surfaces. Also illustrated is the
IR emitted by a leaf.
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16-16  Channels of heal transfer between an animal and its en-
vironmenl. [Modified from Porter and Gates, 1969.]



Man

The radiation and heat balance of men working in Antarctica were studied by
Chrenko and Pugh (1961), and Fig. 12.8 is based on their analysis for a man
wearing a black sweater standing facing the sun. The air temperature was only
—7.5°C but, because the sun was 22° above the horizon, the radiative load on
vertical surfaces facing the sun was exceptlonally large. As the wind was light,

rur Wwas relatively large, about 1 s cm™". The top left-hand side of the
diagram, referring to the sunlit chest, was constructed from measured
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Fig. 12.8 Temperature/heat-flux diagram for a man wearing a black sweater exposed
to arctic sunlight and air temperaturc of —7°C. The lower part of the diagram shows
the equivalent temperature and sweater surface temperature on his back (in shade)
and th= upper part shows the same temperature on his chest (in full sun).
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Figure 7-2.

7. Temperature and Energy Budgets
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Wave number and wavelength distributions for direct solar irradiation, skylight, and radiation
emitted by a leaf at 25°C. Wave number (introduced in Problem 4.2) equals the reciprocal of
wavelength and thus is proportional to energy (see Eq. 4.2a; E = hv = hc/Ayac). The areas under
the curves indicate the total energy radiated: $9° is 840 W m ™2, $°¥ is 80 W m 2, and the IR
emitted is 860 W m 2.
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Figure 7-3. Rate of emission of infrared (longwave) radiation per unit area by a blackbody (e;r = 1.00)
versus its surface temperature, as predicted by the Stefan-Boltzmann law (Eq. 6.18).
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Net Longwave Radiation: 62 W m°*

Total Net Radiation: -59 W m?* Net Shortwave Radiation: 3Wm?
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Shortwave Radiation (W m?)

CALCULATOR

Calculate radiation intensity at any location in the world
to determine the need for radiation sensor recalibration.

www.clearskycalculator.com
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