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Abstract

Radiometric data with known and traceable uncertainty is essential for climate
change studies to better understand cloud radiation interactions and the earth
radiation budget. Further, adopting a known and traceable method of estimating
uncertainty with respect to Sl ensures that the uncertainty quoted for radiometric
measurements can be compared based on documented methods of derivation.
Currently, most radiometric data users rely on manufacturers’ specifications of
calibration uncertainty to quantify the uncertainty of measurements. However, the
accuracy of solar radiation measured by radiometers depends not only on the
specifications of the instrument but also on (a) calibration procedure, (b)
measurement setup and maintenance, and (c) location and environmental conditions
[1]. Therefore, statements about the overall measurement uncertainty can only be
made on an individual basis, taking all relevant factors into account. This poster
provides guidelines and recommended procedures for estimating the uncertainty in
calibrations and measurements from radiometers. The approach follows the Guide to
the Expression of Uncertainty in Measurement (GUM)[2].
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Figure 1: Traceability chain of radiometric data and associated measurement uncertainty level
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Figure 2: Steps for measurement uncertainty estimation using the GUM method

Measurement Equation—Step 1

G = (V' = Ryer * Whet)

where: R
G = global solar irradiance in watts per square meter (Wm-2)

V = thermopile output voltage in microvolts (uV)

Ryec = net or by

characterization in pV/(Wn?)

Sources of Measurement Uncertainties—
Step 2
In field deployments, identify sources of
uncertainties related to the variables in the
measurement equation (V, R, W,., and R) such as
those due to,
> Calibration (R), spectral response (R), zenith
angle (R), maintenance—soiling (dust, rain, bird
droppings, etc.) (R), data logger uncertainty (V),

Woar =t bya 2 fn Wi temperature dependence (R), nonlinearity (R),
( are that measure g ) aging (R), etc.
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a standard uncertainty by means other than the
statistical analysis of a series of observations

deviation

derived from measurements using the statistical
analysis of a series of observations, e.g., standard

combined using the root sum of
the squares method to calculate

Note: In the GUM method, when the distribution of the uncertainty is
not known, it is common to assume a rectangular distribution.

the combined uncertainty.

Ue = ”Z_‘,‘(u: ci)?
=0

Expanded Uncertainty (Uy5)—Step 6

The expanded uncertainty (Uy;) is calculated by
multiplying the combined uncertainty (u.) by a coverage
factor (k=1.96, for infinite degrees of freedom), which
represents a 95% confidence level, in W/m?2.

Uss=uc*k

The expanded uncertainty (Ugs) as a
percentage is then calculated as
U95

— *
K=
Measured Irradiance

Excel spreadsheet—Radiometric Data Uncertainty Estimate Using GUM Method Link: http:

bms/ and look for Excel int at the bottom of the page.
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Summary

» Solar resource data with known and traceable uncertainty estimates are
essential for climate change studies.

> Identifying and correcting the biases in the radiometric measurement as they
apply to each source of uncertainties would assist in reducing the overall
measurement uncertainty.

» Adopting such a standardized method will ensure that the uncertainty quoted

for data collected by can be based on

methods of derivation and provide global uniformity and acceptance.

at 45 degree existing but unused approach ?hal
3 Zenith Angle ultimately reduces the uncertainty
of radiometric measurements.
Current radiometric data is based
on a single responsivity value that
introduces significant uncertainty

1 to the data; however, through
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solar zenith angle, the uncertainty

could be decreased by 50% for
some radi that have
W higher zenith dependence [4].
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