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1. INTRODUCTION

During the summer of 1991 several different airborne sensors were deployed to Eu-
rope for remote sensing data acquisition in the framework of the so-called Multisensor
Airborne Campaign. MAC Europe was organized by NASA in collaboration with na-
tional space agencies from the various european countries,

The sensors planned for flying covered a wide range of wavelengths, from the visible
to the thermal infrared region (Table 1.1) and were to be flown aboard an ER-2 aircraft
at an altitude of 20,000 m. Also a Synthetic Aperture Radar transported on board a DC-
8 aircraft acquired data in the microwave region (bands L, C, P). The data acquisition
was meant to stimulate applied and theoretical research in a variety of different fields,
by either European and non-European investigators. Several tens of sites were selected
and over most of them the data acquisition was successful.

Of the instruments listed in Tab. 1.1 only the TIMS did not actually fly because
of instrument failure just before the deployment. Also the D-spectrometer of AVIRIS,
covering the range 1.84 + 2.45um, suffered from reduced performance which eventually
resulted in a very low S/N ratio. Although at the time of this writing no quantitative
assessment on AVIRIS data quality has yet been released, the above quoted problem
means that all bands from 161 through 224 will probably be unusable for scientific work.

The area surrounding the Strait of Messina was proposed by the Istituto Nazionale



Table 1

Ground Total Swath

Sensor Bands Spectral IFOV resolution | scan width
coverage at 20,000 m | angle | at 20,000 m
T™MS 12 0.42 + 2.35um | 1.25 mrad 25 m 43° 15.6 km
Thematic Mapper 8.5+ 14.0um
Simulator
AVIRIS 224 | 0.4 + 2.45pum 1 mrad 20 m 30° 10.6 km

Airborne Visible
InfraRed Imaging

Spectrometer
TIMS 6 8.2 + 8.6um 2.5 mrad 50 m 76° 31.2 km
Thermal Infrared 8.6 + 9.0um
Multispectral 9.0 + 9.4um
Scanner 9.4 +10.2um
10.2 + 11.2um
11.2 + 12.2um

Table 1.1 Visible and Infrared sensors planned for flying during MAC Europe 1991.

di Geofisica as a geological test site; coverage by TMS, TIMS and AVIRIS was approved
(flight request No. 91R293). The goal of the research is to use different multispectral
data sets to map the quaternary sedimentary units of the area whose formation is closely
related to the recent and still ongoing tectonic regime. Also, the accurate analysis of the
spatial distribution and deformation characteristics of the geological units can provide
useful information for the evaluation of the seismogenic potential of the area [ Valensise
€ Pantosti, 1992).

The site Strait of Messina was flown on July 8: the coordinates of the three flight
lines acquired are reported in Tab. 1.3; a map view is shown in Figg. 1.2 and 3.2.

In order to perform a geologic mapping analysis, either deterministically or statis-
tically, the remotely sensed data have to be calibrated, that is the radiance measured
at the sensor has to be transformed to ground reflectance which is a quantity more
representative of the inherent properties of the surface materials. Field data have to be
collected to perform the image calibration and, to this purpose, a group of researchers
from the Istituto Nazionale di Geofisica (ING), the Istituto di Geologia dell’Universitd
di Parma (IGUP) and the Osservatorio Geofisico dell’Universitda di Modena (OGUM)
Jointly carried out a ground measurement campaign in July 1991.

This paper summarizes the procedures and instruments used for the ground mea-
surements and reports the data collected. It is intended to be a reference to anyone
who will ever attempt to calibrate the AVIRIS and TMS data acquired over the Straits




during MAC Europe 1991.

Figure 1.2 LANDSAT TM image showing the approximate coverage of AVIRIS data acquisition
over the Strait of Messina.

Strait of Messina
Flight Request No. 81R293
AVIRIS Flight Line Data - July 8, 1991

Flight | Time
Lines | Acquired | Latitude 1 | Longitude 1 | Latitude 2 | Longitude 2

I-J [12:32:00 37°53'.0 15°40".0 38°20'.0 15°40".0
K==L ['12:42:00 38°20'.0 15°33".0 38°15'.0 15°33'.0
M~-N|12:45:00 38°10°.0 15°33'.0 37°53'.0 15°33'.0
O-P |12:52:00 37°53'.0 15°46'.8 38°20°.0 15°46'.8

Table 1.3 AVIRIS flight line data - Strait of Messina. Flight request No.91R293, 8 July 1991



2. METHODS FOR IMAGE CALIBRATION

Image calibration is used in this context as an equivalent of atmospheric correction
of radiance data acquired from a distant sensor in image format and their conversion to
reflectance units.

The radiance measured at a remote (spaceborne or airborne) sensor can be expressed,
for a given observation angle, as [Green, 1991]:

L, = Lg b Lp (1)

that is as the sum of the radiance reflected by the surface (Ly) plus the radiance
scattered along the atmospheric path (L,). L, in turn can be written as:

I (& cos @
95 3

= )poTu (2)

where:

E, = normal solar irradiance at the top of the atmosphere,
f = solar zenith angle,

T4 = downward transmittance,

T, = upward transmittance

p = surface reflectance factor.

From a geological mapping point of view, it is p that we are interested in; the final
result of the image calibration procedure will thus be a set of images (one for each
spectrometer channel) in which the single pixels represent surface reflectance values.
One important assumption made in equation (1) and also adopted in all calibration
methods is that the reflectance of the surface is purely Lambertian. This accounts for
the absence in (2) of the dependence of p on the zenith and azimuth angles of observation.
Also the possibility for adjacency effects [Otterman & Fraser, 1979] is neglected in (1).

Several different methods are currently used to correct remotely sensed radiance
data for atmospheric effects. Many of them have been developed for calibration of
LANDSAT images. Those so far applied also to the atmospheric correction of imaging
spectrometer data are: the log-residual or scene average [Conel et al., 1987], the Internal
Average Relative reflectance [Kruse, 1988), the flat-field correction [Hutsinpillar,1988],
the single spectrum [Crowley et al., 1988], the continuum interpolated band ratio -
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CIBR [van den Bosch and Alley, 1991], the empirical line algorithm [Conel et al., 1987
and the atmospheric modelling by radiative transfer code [Green, 1991]. The last three
methods have been shown to yield consistent results [van den Bosch and Alley, 1991;
Green, 1991], the most problematic being the CIBR [Carrere and Conel, 1991].

All of the above methods are based on the assumption that the atmosphere is hor-
izontally homogeneous and the terrain is flat (very often they are applied to scenes
with low topographic relief). Across the Sicilian and Calabrian coasts of the Strait
of Messina the elevations change abruptly from 0 m at sea level to 1100 m only 15
km inland, therefore the atmospheric correction method should take into account this
variation and the related changes in atmosphere properties. Also, because of the par-
ticularly rugged topography and the presence of sea in the site area, the assumption of
a horizontally homogeneous atmosphere cannot be made for the entire set of flight lines
(Fig.1.2). As a better approximation we should calibrate the single scenes individually,
assuming that inside a single image area (10 x 10 km) the assumption is valid.

After a preliminary evaluation of the atmospheric correction methods, we decided to
use the empirical line algorithm as the main calibration procedure for the AVIRIS data of
the Strait of Messina, to be supported (and verified) by an atmospheric modeling by the
LOWTRAN 7 radiative transfer code [Kneizys et al., 1990]. The ground measurements
were therefore directed to collect data for both purposes. Two teams operated in the
field: the ING team took care of the measurement of spectral reflectance of the targets
to be used in the regression (empirical line) method; the OGUM team was instead in
charge of the collection of ground meteorological data to be used as input to LOWTRAN
7 and of solar radiation measurements to serve as auxiliary information.

In the following two chapters a complete report on sampling procedures, data col-
lected and preliminary data analysis is given.



3. THE ING GROUND CAMPAIGN

M. P. Bogliolo, C. Ferrari, S. Salvi, M. Sgavett:

In July 1991 a group from the Istituto Nazionale di Geofisica and the Istituto di Ge-
ologia dell’Universita di Parma carried out a ground campaign to collect measurements
of surface reflectance at several different sites in the area planned for AVIRIS coverage
(Fig. 1.2). The set of measurements was completed during a short period of time (one
week), approximately centered on the date of the ER-2 overflight (July 8). Simulta-
neous acquisition of ground and remote data is not strictly necessary for the empirical
line calibration procedure [Conel et al, 1987) but it is important that the reflectance of
the ground targets used in the same image calibration step has not changed during the
entire measurement period, otherwise the regression relationships would be incorrect.

The following topics were dealt with during the campaign and will be discussed
below: 1) Site location, 2) Measurements of site reflectance, 3) Data reduction.

3.1 Site location

The sites for the ground reflectance measurement were selected according to the
following criteria:

1) Site albedo. A good regression between ground and remotely sensed data can only
be achieved if the former are distributed in a wide range of reflectance values [Conel
et al, 1987), Therefore the first criterium was based on a preliminary evaluation of the
albedo magnitude for each possible site.

2) Areal distribution. As already mentioned the assumption of a horizontally ho-
mogeneous atmosphere cannot be made for the Strait of Messina, and this implies that
the calibration is valid only for restricted areas. We thus tried to locate sites as much
evenly distributed as possible, on both the Sicilian and Calabrian sides of the Straits.
Nevertheless, as Fig. 3.2 shows, this objective was achieved only in part.

'3) Elevation. Due to the particularly high topographical relief across the Straits,
it is considered necessary to perform a "layered” atmospheric correction, taking into
account height differences. The ground sites were therefore sought in different elevation
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