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A Status Overview of Earth Observation
Calibration/Validation for Terrestrial
Appllcatlons

by P.M. Teillet

RESUME

La synthése de certains des principaux sujets d'intérét dans
le domaine de l'étalonnage/validation (étal/val) permet
d'identifier des secteurs ou des améliorations devront étre
apportées a la procédure cal/val pour atteindre un niveau
opérationnel du point de vue de l'utilisateur. Des axes
spécifiques de recherche et de développement sont discutés
dans le domaine optique notamment en ce qui concerne
l'étalonnage radiométrique des capteurs, la correction
atmosphérique, la caractérisation spectrale et l'influence
des effets géométriques sur la radiométrie de l'image.

SUMMARY

An overview of some of the main issues in Earth observation
calibration/validation (cal/val) for terrestrial applications
identifies areas where cal/val needs improvement to attain
operational status from the perspective of both science and
general users. Specific research and development perspectives
are discussed in the solar reflective optical domain with
respect to radiometric sensor calibration, atmospheric
correction, spectral characterization, and geometric effects
on image radiometry.

INTRODUCTION

t a recent workshop, the President of the International Society
for Photogrammetry and Remote Sensing (ISPRS) noted
that, in the eye of the public, the scientific community has a
credibility gap when it comes to the accuracy and quality of data
used to study and predict terrestrial phenomena and that,
consequently, standards and calibration activities are of critical
importance to Earth observation technology and the information
derived from it (Fritz, L.W., Opening Remarks, ISPRS Joint
Workshop on Sensors and Mapping From Space, Hannover,
Germany, 29 September 1997). At a time when it is increasingly
needed, Earth observation technology continues to advance,
but it also continues to struggle to mature, partly because it is a
complex and costly endeavour and partly because it has not yet
managed to provide whole products that are readily available,
easy to use, consistent in quality, and backed by sound
customer support. In analogous fashion, remote sensing
calibration and validation (cal/val) have also known significant
technological advances and struggled to become more operational,
with mixed results.
The international Earth observation community has come to
an agreement on the definitions of calibration and validation
via the Committee on Earth Observation Satellites (CEOS):

* calibration is the process of quantitatively defining the
system response to known, controlled signal inputs;

* validation is the process of assessing by independent
means the quality of the data products derived from the
system outputs (CEOS, 1995).

These definitions are often used in the remote sensing context
to refer specifically to radiometric sensor calibration and geo-
physical data product validation. However, they are sufficiently
general to refer to any given measurement system or process.
Indeed, there are calibration and validation aspects to many of
the components in an end-to-end system. Thus, as a combined
expression, calibration/validation has also become synonymous
in remote sensing with the entire suite of processing algorithms
used to convert raw data into accurate and useful geophysical
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quantities on the surface of the Earth that are verified to be self-
consistent. This latter definition provides a more practical way
of considering cal/val for the present purpose. It is in this practical
sense that validation is included in the title of this paper, even
though data product validation is not addressed to any notable
extent, partly because it is a product-specific or algorithm-
specific activity and partly because it is at a less advanced stage
compared to calibration. It deserves to receive much more
attention in the context of remote sensing in the future.

Remote sensing calibration and validation are critical
aspects of Earth observation measurements and methods if they
are to show terrestrial processes as they really are and if they
are not to be compromised by sensor and data processing
effects. The challenge is to ensure that the measurements and
methods yield self-consistent and accurate geophysical
parameters, even though the measurements are made with a
variety of different instruments under different observational
conditions and the methodologies vary. Even the majority of
remote sensing users, whose product requirements do not
directly involve cal/val, want imagery and data products that are
consistent in quality over time. Thus, a stable instrument with
well-understood characteristics is important in any event for
reliability and quality of data products and derived information.
This will be an important consideration as the size and cost of
satellite sensors decrease substantially in the near future.

This article provides an overview of some of the key cal/val
issues today and proposes research and development areas that
can help bring cal/val to a more operational status. Within the
framework of the process of surface reflectance retrieval in the
optical spectral domain, specific aspects of cal/val are brietly
discussed with respect to current capabilities and issues or
challenges needing attention if the potential of forthcoming
satellite sensor systems is to be fully realised. Each aspect is a
subject unto itself and so only a few key points are highlighted.
The main aspects considered are radiometric sensor calibration,
atmospheric correction, spectral characterisation and geometric
effects on image radiometry. Aspects dealing with geometric
calibration and polarization considerations are not addressed.

The state of the art in remote sensing calibration and validation
has been captured in definitive ways in relatively few monograms,
review articles, and special publications. Appendix 1 lists a
selection of literature references that have a primary emphasis
on remote sensing calibration and validation and that provides
a state-of-the-art perspective. A closer look at the relevant
literature over the past twenty-five years indicates that there has
been a healthy number of research papers on particular aspects
of radiometric sensor calibration and atmospheric correction, but
considerably fewer on spectral characterization and geometric
effects on image radiometry. The chief deficiencies in cal/val
research and development have been in the areas of validation and
investigations into the role of cal/val in end-user applications.

RADIOMETRIC SENSOR CALIBRATION

Radiometric sensor calibration, the most fundamental part of
the cal/val process, is a broad and complex field that imposes
the greatest limitations on quantitative applications of remote

sensing (Teillet er al., 1997). The methods and instrumentation
involved can be grouped into three domains (Dinguirard and
Slater, 1997): on the ground prior to launch, onboard the space-
craft post-launch, and vicarious or indirect approaches using
Earth scenes imaged in-flight. Whereas preflight methods
encompass a vast array of painstaking sensor characterizations
(e.g., Guenther er al., 1996), onboard and vicarious calibrations
are devoted primarily to the monitoring of the radiometric
responsivities of sensor spectral bands over time. Advantages
and disadvantages of these three categories of approaches have
been discussed by Dinguirard and Slater (1997).

In all cases, the objective is traceability of calibrated data
accuracies to absolute SI units for science users and data products
with consistent quality for the broader user community. Recent
developments in detector-based radiometers used in metrology as
calibration transfer standards show excellent promise toward
reducing the number of steps in the traceability chain and reducing
calibration uncertainties (Fox et al., 1997, Slater et al., 1996).

To date, Earth observation satellite sensors have been
susceptible to significant post-launch changes in their
performance characteristics. These changes arise as a result of
many factors, including the rigours of the launch itself, the
space environment in Earth orbit in general, the operating
environment of the spacecraft, and aging of the sensors and
their subsystems. Thus, even well-built, stable, and well-
characterized sensors require evaluation and monitoring of
changes in the months immediately following launch especially,
but also over the lifetime of their operation. Although future
Earth observation sensors will benefit from better technology,
it is very likely that significant post-launch changes will still
arise. Moreover, many forthcoming systems will have fewer if
any onboard calibration systems in order to reduce costs.
Hence, there will continue to be a need for several independent
methodologies for the in-flight characterization of sensors.
Equally important will be the operational infrastructure needed
to integrate the results from these independent methodologies
(Slater et al., 1996) and to ensure that users benefit fully and in
a timely fashion from the post-launch updates (Teillet et al.,
1997). Science users may want to know the details, but the
majority of users will want access to ready-to-use data from
stable and well-characterized sensor systems in such a manner
that calibration is essentially transparent to them.

The calibration of satellite-based geophysical data was
recently reviewed by an international workshop panel
(Guenther et al., 1997), where the emphasis was on global,
long-term data sets, but high spatial resolution sensors were
also addressed. The workshop report provides a good snapshot
of current calibration issues in the context of atmosphere, ocean,
and land remote sensing. Key findings and recommendations
for the future are documented in the categories of programmatic
support, preflight calibration, in-flight calibration, data set
continuity and consistency, and combining remote sensing and
in-situ data. Brest er a/l. (1997) also conclude that current uncer-
tainties in sensor calibration changes are generally much larger
in magnitude than real decadal changes in the Earth system,
which therefore cannot be reliably detected without significant
improvements in sensor calibration.







