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Radiation and the Energy Budget
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Why Shortwave Radiation and Longwave Radiation?
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Longwave or Terrestrial or Infrared Radiation and

Shortwave or Solar Radiation
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There’s an overlap at times ...

Other quantities defined by spectral range:
e UV Radiation (A, B, C)
* PAR: Photosynthetically Active Radiation; 400 - 700 nm



Radiation Quantities

Quantity Symbol Sl unit Abbr. Notes
Radiant energy Q joule J energy
Radiant flux (] watt w radiant energy per unit time, also called radiant power
Radiant intensity |/ watt per steradian W-sr™! power per unit solid angle
- power per unit solid angle per unit projected source area.
Radiance L watt per steradian per square metre W-sr -m” ) e i
P persq called intensity in some other fields of study.
- power incident on a surface.
Irradiance E I watt per square metre W-m~ . : = o
sometimes confusingly called "intensity".
Radiant exitance / 2 .
Radiant emittance M walt per square metre W-m power emitted from a surface.
i i
Radiosity Jor JA waltt per square metre W-m™2 emitted plus reflected power leaving a surface
: 3
watt per steradian per metre 4 -3

L o W-sr -m commonly measured in W-sr™'-m~2-nm™"

Spectral radiance |or Att ver steradian e or
w r steradi r squar | .
L P pereq Wesr - m 2 Hz ™!
v metre per hertz

EA watt per metre® wm™ commonly measured in W-m™%nm™’

Spectral irradiance |or or or

Ev waltt per square metre per hertz W-m 2Hz ™!




The Radiation Balance — the terms (Irradiances W m-2)

Direct Solar Radiation S|
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Measurement Principle

Thermopile

« converts thermal energy into electrical energy

« composed of thermocouples (usually in series)

 output voltage proportional to a local temperature difference
* range of tens or hundreds of millivolts.

Thermocouple

« temperature measurement based on the Seebeck Effect. a result of a difference
in thermoelectric power of two materials

TAIL JUNCTION
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« Emfis the Electro-Motive Force or Voltage; T, and T,: Temperatures of reference
(T,) and measuring end (T,)

* S, Sq, S, Seebeck coefficients of the thermocouple and thermo-elements
* null voltage:

* same materials
* no temperature difference



Radiation observations in Climate Science - Instrumentation

1. Pyrheliometer pyro-, pyr- +

(Greek: fire, burn; heat,
Direct Solar Radiation produced by heating; and
World Standard Instruments sometimes "fever")

(Compensation Type / Thermopile)

Open / with window ... “HAwoc (Helios) is derived

from the noun NAwog,
"sun" in ancient Greek

PMO-6

Kipp & Zonen
CH1
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Fig. 1. Pyrheliometer schematic showing entrance
window (1), thermal shield (2), detector aperture (3), light
absorber (4), thermopile (5), heat sink (6), and thermopile
output (7). .
P. Thacher Sandia Labs



2. Pyanometer

OUTER GLASSDOME

e Global Radiation INNER GLASSDOME
» Shortwave Reflected Radiation e e SENSING ELEMENT
« Diffuse Radiation (in conjunction s f “ 24 SUBFRAME

with a shading disk or shadow-band)

)
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* Glass or Quarz dome

Standard Black & White Type Photodiode Type



Shading — Shadowbands and Shading disks




3. Pyrgeometer

Longwave Radiation

Thermopile, Silicon (Si) dome
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geo-, ge- +
(Greek: earth, land,
soil; world)

Si-Dome and interference filters
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Thermopile
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Pyrgeometer Formula:
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We neglect k;, set k, to 1.0, and k; to a mean value of 3.5.



4. Pyrradiometer

» “All-wave” Radiation
* Thermopile measurements
» Polyethylene Dome

 Double domes: Net-Radiometer

.novalynx.com/

* “Wind Speed Error”

Different response
to short- and

Ionﬁwave fluxes!

Birds like to destroy them, too...



5. Heliograph / Sunshine Duration Sensor

Campbell-Stokes Sunshine Recorder

“Sunshine”: Flux > 120 Wm

One end of an optical fiber revolves around the sun axis. The opening angle is
limited by an optical diaphragm. At the other end, a photovoltaic detector
receives the light pulse when the fiber window meets the sun. The detected

signal is compared to a threshold. A pulse is generated when the radiation
intensity exceeds 120 W/m?Z.



Calibrations and Errors

Ry = » ‘.‘ / £ :
WSG (World Standard Group)
Davos, Switzerland

 Absolute Calibration Error
(Comparison to World Standard)



» Spectral Response Errors
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Figure 4. The LI-200SA Pyranometer spectral response is illustrated
along with the energy distribution in the solar spectrum (8).
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» Temperature Dependency
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Geometric Errors:
» Cosine Response Error
(low vs high incident radiation)

» Azimuth error (sensor geometry)
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» Hysteresis

* Response Time Error

» Long Term Stability (Aging of thermopile /

paint / resistors / etc) Condensation



Negative-Night-Time-Offset of Pyranometers

Thermal exchange between: A
A Outer dome and atmosphere
B Innerdome and outer dome
C Inner dome and sensor
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Ventilation and Heating!

“Wind-Correction” of Pyrradiometers
and Net-Radiometers

Dome material (polyethylene, lupolene)

heats up. Ventilation reduces the heating
effect.




Environmental impacts




Radiation balance measurement at Summit, Greenland
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