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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. M A C 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 4- 2.45/zm, 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 
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Table 1.1 Visible and Infrared sensors planned for flying during M A C Europe 1991. 

di Geofisica as a geological test site; coverage by T M S , 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'Università 
di Parma (IGUP) and the Osservatorio Geofisico dell'Università di Modena ( O G U M ) 
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 T M S data acquired over the Straits 
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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]: 

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

where: 

E, = normal solar irradiance at the top of the atmosphere, 

0 = solar zenith angle, 

Tj — downward transmittance, 

T u = 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 [Otter-man & 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 ai, 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, 19S7] 
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 
L O W T R A N 7 radiative transfer code [Kneizys et ai, 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 O G U M team was instead in 
charge of the collection of ground meteorological data to be used as input to L O W T R A N 
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. 
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3. T H E I N G GROUND CAMPAIGN 

M. P. Bogliolo, C. Ferrari, S. Salvi, M. Sgavetti 

In July 1991 a group from the Istituto Nazionale di Geofisica and the Istituto di Ge
ologia dell'Università 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, 198l\ 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, Í5c?7], 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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ranges with the goal of having at least two of them (a high albedo and a low albedo 
one) at about the same elevation. A medium resolution Digital Elevation Model (30 m 
per pixel) is available for the area, providing an easy way to mask the AVIRIS images 
for different height intervals. 

Table 3 .1 Characteristics of the measured ground reflectance targets. 

4) Areal dimensions. To be able to correctly identify the sampled areas in the image 



a dimension of at least 3 x 3 pixel is considered necessary [Milton & Webb, 198l\. Again, 
this condition was satisfied only for a few of the sites. 

5) General site conditions. A set of general conditions had to be verified for each 
selected site: 

I - Flatness: an approximately flat surface was considered necessary to avoid variations 
induced in the reflected radiance by topographical relief [Slater et ai, 198l\. Also 
the local relief outside the actual site area had to be as lowest as possible to avoid 
inter-reflection effects. 

II - Homogeneity: the surface had to be as much uniform as possible in both composi
tion and texture. This characteristic is crucial in order to obtain a reflectance value 
representative of the entire site area through a reasonable number of point measure
ments [Slater et ai, 198l\. A high surface homogeneity was especially important in 
our case due to the small FOV of the field spectroradiometer used (spot dimension 
at the ground: 2.5 cm). 

III - Accessibility. The sites had to be accessible and not subject to modification of the 
surface during the measurement period. 

IV - Detectability. The sites should be easily recognizable on the remotely sensed images. 

When considered all together, the above criteria greatly reduce the number of pos
sible targets: for the entire area only 10 suitable sites were selected on land. Their 
characteristics are reported in Tab. 3.1 and their location is shown in Figg. 3.2 and 3.3 
a-f). 
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Figure 3.2 Location of the 11 sites selected for ground reflectance measurement. The actual site 
position within the rectangles is shown at a larger scale in Fig. 3.3 a-f. The approximate 
position of the AVIRIS flight lines (see Tab. 1.3) is also shown. 
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Figure 3.3 a Location of the ground targets (cross inside the bold circles). The coordinates are 
reported in Tab. 3.1. Within parentheses is listed the sheet code of the 1:25,000 base 
map from which the insets are taken. Sites No.l, No.2, No.3 (254 IV NO). 

Figure 3.3 b Location of sites No.4 and No.10 (254 IV NO). 

1 0 



Figure 3.3 с Location of site No.5 (254 IV NE). 

Figure 3.3 d Location of site No.6 (254 III NE). 
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Figure 3.3 e Location of site No.7 (254 III SE) and No.8 (254 II SO). 

Figure 3.3 f Location of sites No.9 and No.11 (263 I NO). 
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3.2 Measurement of site reflectance 

The measurements were made using a Daedalus Spectrafax AA440 portable spectro-
radiometer. The nominal instrument range goes from 450 to 2400 nanometers, although 
a larger spectral range is actually sampled (416 -j- 2459 nm). The sampling resolution 
(half-power bandwidth) varies between 9 and 39 nanometers (Fig. 3.4) but the entire 
spectral range is oversampled to 360 intervals [Daedalus, 1988]. Among the 360 sam
pled wavebands there is some redundancy due to the partial overlap of segments of the 
Circular Variable Filter. The actual number of different channels is 304, as reported in 
Tab. 3.8 a-k. 

Figure 3.4 Spectral resolution of the AA440, as half-power bandwidth [Daedalus, 1988] 

The spectrometer head has a field of view of 1°.5 and must be operated at an height 
of about 92 cm (36 in) above the surface; at this distance the sampled area is about 2.5 
cm across. The acquisition time is 3 seconds per spectrum. 

The head has an internal illumination source (a 20-watt tungsten halogen lamp) 
which was always used during the measurements to avoid problems related to fluctua
tions in solar irradiance due to the atmosphere [Milton, 1987]. In this acquisition mode 
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the surface area being sampled must be screened against direct sunlight and this was 
done by means of a dark umbrella. Of course the skylight is still contributing to the 
ground radiance but, given the short time that separates the sampling of the ground 
reflectance from the measurement of the standard (less than 5 minutes in any case), 
we assume that the contribution is the same for both measurements. Also the general 
weather conditions during data collection (clear sky with no passing clouds) were such 
as to reinforce the validity of this assumption. 

The laptop computer used to control the spectrometer head operation and for data 
storage is mounted on a backpack frame, as well as the batteries and the interface 
electronics. The scanning head is designed to be hand-held during sampling but, to 
ruantain consistency of the measurement geometry throughout the campaign, the head 
was mounted on an adjustable aluminium support which suspended it about 50 cm to 
the right side of the operator, at an height of about 90 cm from the ground (Fig. 3.5). 
A fixed geometry between the sensor, the illumination source and the surface was thus 
;i u i e d : t h e angle between the illumination and sensor directions was about 2° , the 
angle between the sensor direction and the surface normal was about 0°. Only normal 
incidence geometry was used to measure reflectance. 

The field standard of reflectance furnished by Daedalus is a small (<f>9cm) disk of 
Spcctralon1M whose laboratory reflectance is reported in the instrument manual. To 
avoid problems caused by misalignments of the reference disk with respect to the field 
of view of the sensor, a more practical intercalibrated panel was used in the field. A 
piece of white cardboard about 40 x 40 cm large was pinned on a wooden board and its 
reflectance measured with respect to the Spectralon™ disk, so that reflectance spectra 
relative to the new standard could be converted to absolute reflectance. In the field the 
standard was measured about every 10 spectra, corresponding to 3-4 minutes of work. 

For each site we took a variable number of measurements, depending on the type of 
surface: for uniform, smooth surfaces (as the soccer playgrounds) the small variability 
between spectra required a maximum of 20 samples, while on more heterogeneous targets 
we collected as much as 38 individual reflectance measurements. The area sampled was 
always larger than a single AVIRIS pixel (20 m); when possible a 3 x 3 pixel area was 
used. The measurements were taken along a rectangular network of equally spaced 
tracks. 

We had planned to have a site to be sampled simultaneously with the ER-2 overflight. 
A complete set of atmospheric measurements was also to be collected at this site to 
provide a means to cross- check the results of the empirical line and the L O W T R A N 
calibration methods. Unfortunately the PC connected to the AA440 failed (it actually 
caught fire!) just the day before the flight date. Therefore on July 8 only meteorological 
parameters and incoming solar radiation were measured at site No. 10. W e later 
measured the sand from this site in the laboratory (Fig. 3.7 k). 
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The number of spectra acquired over the target was then averaged to obtain a single 
reflectance spectrum representative for the calibration site. To verify that no errors 
occurred during sampling and/or data analysis, the significance of each generalized 
spectrum was checked against the ancillary data collected in the field (i.e. composition 
and environmental variables); also the standard deviation from the average spectra was 
calculated (typical STD = 0.04). 

The reflectance spectra were then convolved to a constant bandwidth of 10 nm to 
be comparable with the AVIRIS channels and reduced to the nominal range of the 
instrument (450 -f 2400nm). Finally, to compensate for the high instrument noise a 
low-pass filter was applied to each average spectrum (a two pass Butterworth filter was 
used, Tull, 1984)- Note in this regard that at 1100 nm the original data listed in Tab. 
3.8 a-k contain an artifact induced by the difference in response of the silicon detector 
with respect to the lead sulfide detector of the AA440 [Daedalus, 1988]. This feature 
was completely eliminated by the filtering process (Fig. 3.7 a-k). Moreover the phase 
shifting in the spectral features is negligible and the absorption band positions were 
precisely retained (Fig. 3.6). Fig. 3.7 a-k shows the final, filtered spectrum for each 
site; the unfiltered and un-convolved data are reported in Tab. 3.8 a-k. 

Figure 3.6 Filtered (continuous line) and unfiltered (dotted line) average spectrum for site No.l 
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4. T H E O G U M GROUND CAMPAIGN 

M.Boccolari, D. Camvolieti, P. Frontero, S. Pugnaghi, S. Teggi. 

On the day of July, 8 1991, a group from the Osservatorio Geofisico dell'Università 
di Modena carried out a ground measurement campaign acquiring data of incoming 
solar radiation at various wavelengths, several standard meteorological parameters and 
the temperature of sea and land surface at field test site No. 10 (Tab. 3.1 and Fig. 3.3 
b) . 

The O G U M group was particularly interested in the thermal infrared data to be 
acquired by TIMS, in order to effect valuations of superficial parameters such as hu
midity, emissivity and temperature on both land and sea. It had been planned to take 
simultaneous measurements during TIMS overflight by means of a thermal infrared 
spcctroradiometer SR-5000 using a sandwich detector made of indium antimonide and 
mercury cadmium telluride operating in the range 2.5 -r 14.5/im. However, as already 
mentioned, TIMS did not fly and this equipment was not used. 

The measurements executed during the campaign will serve: as calibrations of the 
atmospheric model simulated through the L O W T R A N 7 [Kneizys et al.,1990} radiative 
transfer code, as ground- truth (measurements of the surface temperature) and also they 
will be used as auxiliary information in surface reflectance estimates. Other than the 
measurements taken on location, our short wave radio station, driven by P.C. [Frontero 
et ai, 1988), recorded the data from vertical atmospheric profiles ( T E M P bulletins) of 
12:00 G M T acquired on 8 July 1991 over Trapani, Brindisi, Rome and Cagliari. 

Site No. 10 was selected for the measurements on land, for both logistic reasons its 
proximity to the sea. For the points of measurement in the water, a small round lake 
in the zone of Ganzirri was chosen, along with the Mediterranean Sea near to test site 
No. 10. The sea site was a sufficient distance (about 8 km) from the Straits not to feel 
any eventual thermal turbulence and being only 200 m away from land site No. 10, was 
affected by the same atmospheric radiation path. 
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4.1 Standard meteorological data 

Standard meteorological data were acquired via an automatic system (MICROS data 
logger) at intervals of 15 minutes. The figures are reported in Tab. 4.2. In column 1 is 
the time, expressed as solar hour T M E C . 

In column 2 the atmospheric pressure is shown (hPa). The sensor is calibrated via 
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a precision barometer, the precision being ~ 1 hPa. In column 3 the air temperature 
is reported ( ° C ) measured through a platinum resistance (PT100) laid out in a finned 
container similar to a meteorological hut. The data is expressed in degree and tenths of 
a degree. In column 4 the relative humidity is reported in % measured using a capacity 
sensor located in another container similar to a meteorological hut. The precision is 
of ± 2%. Columns 5 and 6 report respectively the velocity (m/s) and the direction 
of origin (degrees north) of the wind. The precision is ± 0.25 m / s for instant wind 
velocity and ± 4 degrees for the direction. The direction indicator was set-up so that 
0° corresponded to North. All the sensors were fixed onto a pole at a height of between 
1.5 and 2 m above ground. All this information can be used, together with the available 
T E M P vertical profiles, as input data for the L O W T R A N code. 
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4.2 Measurements of surface temperature 

Surface temperature measurements were carried out using PT100 in two distinct 
points in the water; temperature measurements were also obtained at different depths 
in the sand at ground test site No. 10 (Fig. 3.3 b) . The superficial temperature mea
surements of the water were taken just under the surface film (thermometer completely 
immersed). The chosen sites were: 

1) the round-shaped lake at Ganzirri near to Punta Faro (Point a in Fig. 3.3 c) 

2) the sea near to the ground test site No. 10 (about 200 m off the shore. Point /3 
in Fig. 3.3 b) 

The temperatures in the lake of Ganzirri were measured using a data logging system. 
Other than the sensor just under the water's surface film, a second was placed at a depth 
of 3 cm to check whether the floating support on the surface film came up, out of the 
water, due to the action of waves. The sea temperatures were measured from a boat, 
using a manual device to read PT100. 

The water temperature values are reported in Tab. 4.3. Column 1 shows the time. 
In column 2 the sea temperature at depth z = 0 cm is reported. Column 3 records the 
lake temperature at z = 0 cm, column 4 shows the temperature at z = 3 cm. The data in 
Tab. 4.3 are plotted against time in Fig. 4.4. 

The temperatures of the lake and sea are, as was expected, rather different ( A T > 
3 ° C ) . This allows us to write two equations for the two different temperatures and 
consequently determine two unknowns. The equation for the radiative transfer (TIR) 
may be expressed as follows: 

where: 

L = Radiance measured by the sensor 

L, = Planck function for a black body at the surface temperature 

La = Upward atmospheric radiance 

Lj = Downward atmospheric radiance 

e = Surface emissivity 

Tf = Total Atmospheric transmittance 
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Figure 4.4 Hourlytrend of water temperatures measured in the sea (T3) and in the lake of Ganzirri 
(T/o, Tii); see Tab. 4.3 for reference. 

Assuming a known emissivity and imposing Lj = kLa (k = 2 [Colwell et al. 1983, 
p.l87\) it is possible to compute both La and Tt from the two equations corresponding to 
the two temperature measurements. This methodology, unrefined and applicable only 
for small zones (same atmospheric path), is both practical and quick. It is valid in cases 
in which programs of simulated atmosphere are not available or where the atmospheric 
profiles are not known, or also where the response function of the sensors are unknown 
(not always available). 

The surface temperature of the sandy soil was measured at four different depths: 
z = 1, z = 5, z = 10, z = 20 cm. The values T(z,t) are reported in Tab. 4.5. The 
trends are shown in Fig. 4.6. 

Typically the sand temperature T(z,t) is due to the sum of an annual trend and a 
daily behaviour. Due to the reduced quantity of data, it is not possible to evaluate both 
yearly and daily trends from Fig. 4.6, but from the diverse average values of the data 
the presence of a trend can be recognized, whether seasonal or linked to meteorological 
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transients. 

It was not possible to leave the instrumentation on location for the entire period. 
Our intention was that of determining T(z,t) from the equation of heat diffusion: 

for a suitable constant value of the thermal diffusivity x and assuming a periodic tem
perature as boundary condition. 
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is a solution of the equation of diffusion. 

The simple linear term (A0z) is a mathematical justification of the seasonal or other 
trends over longer periods. A better one could be (A0t + B0z2) where A0 and B0 are 
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linked by the following equation A0 = 2xB0. By means of it also a daily trend can be 
taken into account. 

The parameters A0,An, Bn can be computed using a least square method. By them 
T(z = 0, r) can finally be evaluated. It is a fact that T(z — 0, t) is quite difficult to be 
meausured directly. 

Finally, the relative humidity of the sandy soil of the test site was measured, using 
the Trase System (by Soil Moisture), in order to determine a more exact diffusivity 
and also to have auxiliary information. This instrument uses the T D R technique (Time 
Domain Reflectometry). The humidity is determined by sending high frequency signals 
(/i-waves) in probes of known length (15 cm in this case) and evaluating the dielectric 
constant of the material. The measurement were made by using the probes both ver
tically and horizontally. This latter setup is used to measure humidity in the first 5 
cm. The humidity values are reported in Tab. 4.5 (column 6). The measurements with 
probes placed vertically are indicated by (*), those placed horizontally by ( + ) . 

To complete the set of measurements at test site No. 10, temperature of the sea 
water (200 m off the shore) and of the sand were taken using an infrared thermometer 
(BARNES Instatherm, precision about 2 ° C , range - 1 0 -f- 6 0 ° C ) . During the entire 
period of measurement the surface temperature of the water was on average 23 - j - 24°C. 
The surface temperature of the sand was always around the end of the instrument scale: 
55 60 °C . 
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4.3 Measurements of solar radiation. 

On completion of the measurements described on the previous pages, readings of 
solar radiation were taken, and in particular: 

1) Measurements of total solar radiation (direct plus diffuse), over the whole range 
0.3 -r 3.0/im using a pyranometer Kipp & Zonen with field of view of 2n rad. 

2) Measurements of reflected solar radiation (sand), using, as above, the pyranometer 
Kipp & Zonen but pointing downward. 

3) Measurements of direct solar radiation using a NIP (Normal Incidence Pyrhe-
liometer) Eppley, within the range 0.3 -h4.0/xm with a field of view of around 5°. With 
this instrumentation other measurements in reduced electromagnetic ranges were taken, 
using the Schott standard filters: O G l , RG2, RG8 (high pass filters with cut-off wave
lengths of: 0 .530,0 .625,0 .685^m). 

4) Measurements of direct solar radiation using a sun-photometer Volz, with a field 
of view of ~ 1° and with interferential filters (pass-band) centered on the wavelengths 
A c and with calibration constants J„: 

5) Measurements of direct solar radiation using the sun-photometer (FISBAT-CNR) 
with a field of view of 1.08° and with interferential filters centered on the wavelengths 
A c with calibration constants J0: 
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The solar photometers need a suitable and periodical calibration. For the Volz, 
acquired recently, the values of J0 indicated are those given by the factory. For the 
FISBAT the values given were estimated by G. Zibordi ( I M G A - C N R - M O ) [Private 
Communication] during the Antartide campaign 1991. 

The photometric measurements can be expressed through the equation: 

where: 

J = the measurement (instrumental units) 

J0 = the constant of calibration (same units of J) 

R = the factor that allows for distance of Earth-Sun 

m = the relative optical mass 

r = the total optical thickness 

The measures effected can be used as input to the program of atmospheric simulation, 
L O W T R A N , in the zone relative to shortwave. Moreover, they are very important in 
the study of aerosols. Given the high spatial and temporal variability of the aerosols and 
their importance in depleting of solar radiation (visible and near infrared) it becomes 
necessary to take photometric measurements at the same time as taking m e a s u r e 
ments of remote sensed solar reflected radiation, if one is to adequately evaluate their 
atmospheric presence. 

For the two photometers used (Volz and FISBAT), all the wavelengths sampled, 
apart from those at 0.946 and 0.9473 \xm which are centered in the band of water vapor 
absorption, were in atmospheric windows. From the measurements in the water va
por band, it is possible to evaluate the precipitable water, another parameter, variable 
in time and space, contained in the atmospheric column. From the previous evalua
tion, using the absorption coefficients and a relationship based on a "random model" 
for molecular absorption, better results for water vapour optical thickness (or trasmit-
tance) are obtained than does an adapted Bouguer's law [Iqbal, 1983]. From the normal 
direct solar irradiation measured in the band 0.946/jm of Volz the average contents of 
precipitable water in the measurement time interval, resulted as 3.26^ ( 1 c m 2 section 
of the air column). From the measurements taken in the atmospheric windows it is 
possible to trace back the optical thickness of the aerosols and to determine the coef
ficients of turbidity of Angstrom and therefore evaluate also the meteorological range 
(horizontal visibility). 

In Tab. 4.7 the direct solar radiation (W/m2) measured by the NIP Eppley in three 
different configurations (columns 3, 4, 5) is shown against time (column 1). 
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In Tab. 4.8 the total solar incoming and reflected radiation (columns 2 and 3, see 
also Fig. 4.9) is reported together with the percentage relation between reflected and 
incoming radiation (albedo). For the zone of measurement this relation is worth on 
average 0.22 which results as adequate for surfaces of this type [Wolfe & Zissis, 1978]. 

For the determination of the total optical thickness and their relation to aerosol 
it is necessary to know the relative optical mass. This was found using the Kasten 
formula [Iqbal, 1983] adjusted on the basis of the measured pressure values and by 
determining the zenith solar angle using a procedure that utilizes precise astronomic 
relations [Frontero, 1991]. The values of longitude and latitude of the measurement 
point were determined from the IGM map: Lat. 38° 17' 15 " , Long. 15° 17' 28 .4" . 
Actually, given the low zenith angle, instead of the Kasten formula it could be possible 
to use the approximated formula m = sec(0) (9 = solar zenith angle). 

Tab. 4.10 lists the relative optical mass (column 2) and the total optical thickness 
for each Volz channel for which J0 was known (columns 3 -r 9 ) . For the channels placed 
in the atmospheric window the latter is given by: 

where: 

rr = optical thickness due to molecular scattering 

r 0 = optical thickness due to ozone 
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r a = optical thickness due to aerosols 

The same quantities for the FISBAT photometer are reported in Tab. 4.11. 

If we determine the optical thickness of the molecular scattering (Rayleigh) through 
the relation: 

(where A c is the central wavelength of the band-pass in microns) and the optical thick
ness due to ozone absorbtion from the coefficients (k) of Vigroux [Iqbal, 1983] assuming 
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Figure 4.9 Hourly trend of the total solar incoming and reflected radiation at site No. 10. For 
reference see Tab. 4.8. 

a thickness (s) of the ozone layer of 0.3 cm (STP): 

we can determine the optical thickness of the aerosol r a . In Fig. 4.12a the trend of r 0 

obtained from 4 Volz channels is shown, Fig. 4.12b shows that which was obtained from 
7 channels of the FISBAT photometer. 

The graphed values of optical thickness r a are the average values of the entire pe
riod of measurement. The straight line is their linear regression. This line gives the 
coefficients a and /3 of turbidity of Angstrom: 

with A in fim. 

Note that from a and (3 it is possible to evaluate the visibility [Iqbal, 1983]. 
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there is a high level of agreement between each instrument. 
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Figure 4.12 b Optical thicknesses of seven FISBAT channels and their linear regression. 
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4.4 Vertical atmospheric profiles 

At the Oaservatorio Geofisico di Modena a shortwave radio station run by personal 
computer [Frontero, et ah, 1988} is in operation through which it is possible to receive, 
memorize and decode all the meteorological bulletins transmitted via radio from the 
various national meteorological services. With this instrument we accessed the vertical 
radiosoundings ( T E M P bulletins) relative to 12:00 G M T of 8 July 1991 (day of the flight 
of the ER-2 over the Strait of Messina). Tab. 4.13a and Fig. 4.13b * report the data 
relative to the station at Trapani, Tab. 4.14a and Fig. 4.14b those relative to the station 
at Brindisi, Tab. 4.15a and Fig. 4.15b those relative to the station at Rome and finally, 
Tab. 4.16a and Fig. 4.16b show those relative to the station at Cagliari. These represent 
all the meteorological stations in Southern Italy for which atmospheric profile data were 
available. Moreover in Tab. 4.17a and in Fig. 4.17b are shown the vertical profiles of 
temperature, geopotential and relative umidity, obtained by initialized analysis (T106, 
i.e. truncated to the 106th harmonic) at the European Centre Medium Range Weather 
Forecasting ( E C M W F ) , interpolated on Messina (15.29°._, 38.29°JV). These data are 
referred to 12:00 G M T of 8 July 1991 for 14 isobaric standard levels. 

* In the thermodynamic diagrams the initials SMR, DALR and SALR mean: Satu

ration Mixing Ratio, Dry Adiabatic Lapse Rate and Saturated Adiabatic Lapse Rate, 

respectively 
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Figure 4 .13 b Thermodynamic diagram relative to radiosonde data from the Trapani station (8 July 
1991 - 12:00 G M T ) . 
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Figure 4 .14 b Thermodynamic diagram relative to radiosonde data from the Brindisi station (8 July 
1991 - 12:00 G M T ) . 
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Figure 4 .15 b Thermodynamic diagram relative to radiosonde data from the Roma station (8 July 
1991 - 12:00 GMT) . 
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Figure 4.16 b Thermodynamic diagram relative to radiosonde data from the Cagliari station (8 July 
1991 - 12:00 G M T ) . 
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Figure 4 .17 b Thermodynamic diagram obtained through initialized analysis at E C M W F , interpo
lated on Messina (8 July 1991 - 12:00 GMT) . 
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5. CONCLUSIONS 

The data presented here are the fruit of a considerable organizational and logistic 
effort carried out in the framework of the M A C Europe campaign. They will be used to 
perform a calibration of the AVIRIS data to retrieve surface spectral reflectance. The 
importance of image calibration is especially important for imaging spectrometer data 
where the high spectral resolution allows for a deterministic (as opposed to statistical) 
analysis of the investigated phenomena. The determination of a physically defined 
quantity (reflectance factor) is also necessary to compare different remote sensing data 
sets. 

The measurements of surface reflectance have produced average reflectance spectra 
for 11 ground targets. These spectra will be employed in the image calibration proce
dure, applying the empirical line method [Conel et ah, 1981/]. The ground reflectance 
data will also be used to evaluate the accuracy of the image calibration obtained through 
atmospheric modeling. 

The measurements of standard meteorological parameters have produced informa
tion useful for the evaluation of atmospheric effects for both the infrared and the visible. 
The data on sea and ground surface temperature (extrapolated) will be useful for either 
calibrating the atmospheric simulation model or for avoiding atmospheric simulations 
in case a reduced precision is imposed by the scarcity of data. 

The failure of TIMS hampered any study of surface emissivity and therefore the 
O G U M thermal infrared field spectroradiometer was not used. However, an estimate 
of the surface temperature can be obtained through the single T M S thermal infrared 
channel, provided the necessary information inherent the sensor response function and 
its correct calibration. The quality of the estimate can be evaluated through the use of 
L O W T R A N . 
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