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Reflectance- and Irradiance-based Calibration
of Landsat-5 Thematic Mapper

RESUME

On utilise des méthodes basées sur la réflectance et
l'éclairement pour effectuer l'étalonnage radiométrique
absolu du capteur Thematic Mapper de Landsat-5 dans la
partie réfléchie du rayonnement solaire du spectre pour des
données utilisant le format du Landsat Archive Production
System. Les résultats présentés proviennent d'une campagne
d'étalonnage réalisée en décembre 1996 a la base de White
Sands Missile Range, Nouveau-Mexique. Les résultats des
deux méthodes concordent dans une proportion meilleure
que 6% et des comparaisons avec des luminances prédites
au niveau du capteur a partir des gains et des biais fournis
avec les images ont permis de déceler des variations de 1%
a 31%. On compare également ces résultats avec ceux
dérivés précédemment a l'aide de différentes techniques de
traitement. Les différences considérables observées entre
ces résultats et les valeurs réelles démontrent l'importance
de l'utilisation judicieuse de procédures d'étalonnage des
données de télédétection.

SUMMARY

The reflectance- and irradiance-based methods are used to
determine an absolute, radiometric calibration of Landsat-5
Thematic Mapper for the solar reflective portion of the
spectrum for data using the National Landsat Archive
Production System format. Results are given for a calibration
campaign at White Sands Missile Range in New Mexico in
December 1996. The results of the two methods agree to
better than 6% and comparisons with predicted, at-sensor
radiances based on the gains and biases supplied with the
data tape were found to differ by 1% to 41%. The results are
also presented with reference to previously determined
results from different processing techniques. The large
differences. between these results and the current values
indicate the importance of consistent use of calibration for
remotely-sensed data.

Research Note/Note de recherche

by K.J. Thome * B.G. Crowther * S.F. Biggar

INTRODUCTION

As remote sensing has become more quantitative over time,
sensor calibration has become an important issue for
quantitative temporal studies of surface features. Without accurate
sensor calibration, temporal changes could be masked by sensor
degradation and in-flight, absolute calibration of satellite sensors
is needed to determine the magnitude of degradation. These in-
flight methods have relied on both onboard systems and vicarious
methods. Here the term “vicarious” refers to in-flight methods
that do not use onboard systems. Typical onboard systems
include direct solar illumination, solar diffusers, and onboard
lamps. These systems provide calibration at high temporal
frequency to determine instrument response trends. As an
example, onboard lamps have been used successfully for
Systtme Pour 1'Observation de la Terre Haute Résolution
Visible (SPOT HRV) (Gellman et al., 1993). The problem with
onboard calibration systems is that they can degrade over time,
or may themselves have biases which affect the calibration.
Vicarious methods have an advantage in that they provide an

‘independent means of absolute calibration using a full-system,

full-aperture calibration. These vicarious methods also calibrate
the sensor in a mode in which it is normally operated.

The Remote Sensing Group (RSG) of the Optical Sciences
Center at the University of Arizona has been using vicarious
methods since the early 1980s (Slater et al., 1987). Early
calibrations were of Landsat Thematic Mapper (TM) (Slater et
al., 1987), but later work has included the SPOT HRYV sensors
(Gellman et al., 1993 and Biggar et al., 1991), and several
airborne sensors (Balick et al., 1991, and Thome et al., 1996).
The RSG has developed three techniques of absolute calibration
that rely on measurements at a well-characterized ground target
at the same time as a satellite overpass.

In the radiance-based method, a well-calibrated radiometer
is flown over a target at the same time the satellite sensor views
the target (Slater et al., 1987). This approach is the most accurate
of the three used by the RSG, with uncertainties as low as 3%
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(Biggar et al., 1994). The primary advantage to such an
approach is that the radiometer can be flown over much of the
scattering influences of the atmosphere, thus minimizing
uncertainties in radiance estimates due to atmospheric variation.
While accurate, the cost and difficulties involved in flying
these radiometers can be problematic. Thus, the radiance-based
approach has not been used as often as the other two methods,
referred to as the reflectance- and irradiance-based approaches.

The reflectance-based method relies on ground-based
measurements of both the surface reflectance and the atmospheric
extinction at the time of satellite overpass. These measurements
are used to find required inputs for a radiative transfer code to
predict top-of-the-atmosphere radiances. Comparisons between
the reported digital numbers (DNs) of the site with these predicted
radiances give the calibration of the system. The irradiance-
based approach is similar, but uses measurements of the down-
welling solar and sky irradiances to further constrain the results
from the radiative transfer codes (Biggar et al., 1990b). In the
past, these diffuse irradiance measurements were made by
blocking a reflectance panel with a large parasol. Because of the
labor-intensive nature of these diffuse irradiance measurements,
the method has not seen widespread use.

In the current work, we compare results from both methods
using data from a recent campaign to White Sands Missile
Range to calibrate the Landsat-5 TM. This is the first attempt
at calibrating TM using an irradiance-based approach and to do
so we made use of a recently-developed instrument for measuring
the downwelling irradiances needed for the method (Crowther,
1997). TM provides an interesting test of the irradiance-based
approach because of the short-wavelength band in the blue
portion of the spectrum. There is a larger amount of diffuse
light in this portion of the spectrum, and, as will be discussed
later, this increases the uncertainties of the reflectance-based
results relative to the irradiance-based results.

We begin by giving a more detailed description of the
reflectance- and irradiance-based methods, including descriptions
of the calibration site, measurements of surface reflectance and
atmospheric properties, determination of average image digital
numbers (DN) for the site, and radiative transfer code. The newly-
developed, diffuse-to-global instrument is briefly described
followed by an error discussion. Finally, the results from the data
collected at White Sands Missile Range on December 16, 1996 are
presented for TM image data processed using the National Landsat
Archive Production System (NLAPS).

METHOD
Reflectance-based approach

The reflectance-based approach relies on ground-based surface
reflectance measurements of a selected target at the time of
sensor overpass. The atmosphere over the target is characterized
using measurements from solar radiometers to determine
columnar amounts of absorbing gases and the scattering properties
of the aerosols. The results of the surface and atmospheric
characterization are used as input to a radiative transfer code to
predict the top-of-the-atmosphere radiance. The digital

numbers reported by the sensor are compared to these predicted
radiances to give a radiometric calibration. Each portion of this
technique is now described in more detail.

Test Site

The site used for this work is part of the alkali-flats area of
White Sands Missile Range, New Mexico and is referred to as
Chuck Site. The characteristics of this area, used by the RSG
since the early 1980s, are well-understood. The target used for
the TM work is a 120-m x 480-m rectangular area oriented
approximately in the ground-track direction of the satellite to
give 4 columns and 16 rows for the solar-reflective bands of
TM. The number of rows ensures that data from the target are
collected for each of the 16 detectors of each spectral band in
the solar-reflective part of the spectrum.

Surface Reflectance

Accurate determination of the surface reflectance of the test
site is critical for both the reflectance- and irradiance-based
methods. We find the surface reflectance of the site by ratioing
radiometer measurements of the site to those from a panel
made from an aluminum sheet painted with barium sulfate. The
reflectance of this panel is assumed to be known from calibrations
made in the facilities of the RSG (Biggar et al., 1988). These BRF
measurements are used in a software package developed by the
RSG that accounts for effects due to sun-angle changes during the
measurement period. The method is to measure the upwelling
radiance from the reference panel at several points in time during
the data collection. These measurements are correlated with the
BRF computed for the incident solar angle based on the
laboratory measurements. The reflectance is determined by
ratioing a measurement of the test site to a predicted signal
expected from the reference panel at the time of the site
measurement. While we also collect global irradiance data to
measure changes in diffuse skylight illumination, these data are
not used to correct the predicted panel signals, but rather they
are used to evaluate the quality of the overall data set. This is not
a problem for the data sets presented here because the
atmospheric turbidity is low at the White Sands site. In addition,
the panel and surface reflectances are both high, thus the
dominant effect is due to changes in the incident solar energy.
For all of the data sets, this variability is small compared to the
uncertainties of the measurements.

Past field measurements were made by carrying an eight
channel, Barnes Modular Multispectral Radiometer (MMR)'
across the entire site. The MMR nominally duplicates the six
TM solar-reflective bands (Robinson et al., 1979) and is used
with a 15 degree, full-width at half-maximum (FWHM) field of
view. The instrument is usually attached to a backpack device
or yoke that is carried across the site but has, on two occasions,
been attached to a space frame connected to a trailer that was
towed across the site. In the case of the yoke, the user collects
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