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SUMMARY. - A swerecal sinvlation bas beew carried out to assess the errors possibly
mdieed by ebhanges of the tropospheric refractive stvaceire i repeat-pass INSAR-derived
elevation. Prediciions bare been checked thronph o case stedy for the Rowe arca

1. Introduction

SAR interferometry is based on the combination of two complex SAR
images, acquired from different positions of the sensor, to obtain the
height of the pixels from the relative phases of the corresponding
backscattered field (1). The theoretical accuracy of the obtainable digital
elevation model (DEM) is of the order of one meter, while changes in the
altitude of the Earth surface with a theoretical resolution of the order of
one millimeter can be detected with the differential technique.

2. Troposphere and SAR interferometry

The incident and backscattered waves propugate through the tropo-
sphere, hence the length of the electromagnetic path is proportional o the
integral of the tropospheric refractivity along the total peometric path. This
introduces a propagation delay with respect to vacuum, thus altering the
interferometric phase @, which depends on the refractive index profiles
corresponding to the acquisition times of the two images. While the effects
of a constant variation of @, for all pixels, in principle, can be eliminated,
different variations ftor different pixels maodify the interferometric phase pat-
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tern and, in turn, the information on the relative altitudes between pixels,
resulting in an increase of the elevation error of the generated DEM.

Since the length of the electromagnetic path is proportional to the inte-
gral of the real part of the refractive index, the propagation delay relative 1o
each pixel can be considered as the sum of a scene mean delay due to the
refractivity profile averaged over the image and a varnable delay which de-
pends on the spatial fluctuations of the refractivity profile on a scale larger
than the pixel size (for ERS, greater than 20 or 40 meters depending on the
interferometric processing) and smaller than the image dimension {of the order

of 100 km). The two cases of homogeneous and inhomogeneous atmosphere
have therefore been considered in the performed analysis.

3. Simulation setup

Simulations have been performed by using a suitably modified version
of a computer code developed in 1991 at the Wave Propagation Labora-
tory (WPL) of the National Oceanic and Atmospheric Administration
(NOAA) (2), which evaluates, by means of an adjourned version of the
Millimeter-wave Propagation Model (MPM) developed by H. Licbe (3), the
propagation delay from radiosounding data. Over 7000 radiosoundings have
been used for the simulations. They have been acquired at the Italian
meteorological stations of Pratica di Mare (Rome), Linate (Milan), and
Campoformido (Udine) during summer season (June-September) in 1988
and 1990, and at the De Bilt (NL) site during the three year period 1994-
1996. Summer months path delay statistics for the four considered sites
(first four columns of Tab.l) and seasonal statstics for the De Bilt site
(last four columns of Tab.1) have been generated. Moreover, statistics
relative to path delays separated by a 24 hours interval have been consid-
ered, which are useful to characterize the “tandem” mission, where the
ERS-1 and ERS-2 satellites, on the same orbit, pass one 24 hours later
than the other. Histograms in Figs. 1 and 2, relative to the two different
sets of results, summer and four season (De Biltl, respectively, show a
nearly homogeneous behaviour over the four sites, and the progressive
increase of the delays passing from colder to warmer months. It is inter-
esting to note that the maximum standard deviation is obtained in autumn,
while the most stable situation seems to be the winter one, characterized
by the smallest values of both delays and their standard deviations (due to
the least vapor content at the lowest temperatures).

Besults of simulations have been applied to evaluate the possible
effects of the troposphere on the interferometric phase, by assuming differ-
ent refractive index profiles in correspondence to the two acquisitions. For
a uniform variation, some effects are present only when the surface is not
flat: in fact, the path length varies over reliefs, resulting in variations of
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the phase differences relative to pixels ar different heights. The results
show a maximum variation in the two-way delays of 9 em (corresponding
to about 37w in the interferometric phase at C-band), between pixels at
zero level and pixels at 2000 m height. The simulation of the effects of
refractive inhomogeneities, on its turn, has been performed in the hypotesis
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Fic. 3

Interferogram of ERS tandem images acquired on 11 and 12 October 1997,

Fre:, 4

DEM derived from the interferogram of Fig. 3 (arvows point localized arifacis),
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G, 5

15kmx15km area selected from the interferogram of Fig, 3
{Arrows point localized artifacts)

Fii. 6

Detail of a two-fringe artifact in the interferogram of Fig. 5
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DEM derived rom the mterferogram of Fig. 3,
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that the temporal variations of the delays (relative to consecutive
radiosoundings taken at six hour interval) on the same site, correspond to
spatial variations within the scene. In this extreme situation, results show a
maximum varation in the two-way delay of 34 em, corresponding to a
variation of about 117 in the interferometric C-band phase.

Table 1 Statistics of performed simulations

Rome Udine Milan De Bilt

summer | autumn | winter spring
Number of profiles o9 46 R37 1193 1% 1083 1103
Mean delay {cm) 57 | $7 | 5. 5305 540 | 5143 5178
Variance (em2) 552 382 674 (3.0 JL3 339 6.4
Standard deviation (cm) 743 1.63 821 7. 847 7.4 117
Maximum delay (em) 67,7 553.5 5520 5552 554.1 543.5 3.3
Minimum delay {cm) s130 5054 5014 10,1 498.6 4975 497 &

4. Comparison with experimental results

An analysis of atmospheric artifacts has been carried out at ESA/
ESRIN premises in Frascati (Italy), by processing a set of ERS images of
the arca of Rome. METEOSAT images, acquired about six minutes after
the satellites pass, have been used to support the interpretation of results.
Among the pairs of SAR images, considerable artifacts of likely atmos-
pheric origin have been detected in the tandem images acquired on 11
and 12 October 1997, The considered area, 34 km x 60 km, is centered
on Rome and presents a maximum height of about 1000 m in correspond-
ence of the Monte Cavo mountain, The METEOSAT image acquired on
October 11, nearly at the same time of the ERS5-1 pass shows a few
scattered clouds, while that of October 12, corresponding to the ERS-2
pass, shows a heavy and irregular cloud cover. The interferogram (Fig. 3)
and the derived DEM (Fig. 4), as previously stated, show visible artifacts.
An area of 15 km x 15 km adjacent to the Grande Raccordo Anulare
between the Rome-MNaples and the Rome-L'Aquila highway crossings has
been selected to analyze these effects in detail. Artifacts consisting in an
interferometric phase modification up to two and even three fringes (high-
lighted by arrows) can be detected by wvisual inspection (Fig. 5). One of
the artifacts, corresponding to a height variation of about 83 m, is repre-
sented in detail in Fig. 6. The DEM cobtained from the interferogram of
Fig. 5 is shown in Fig. 7, where the height of the darker areas is between
100 and 140 m lower than that of the lighter areas. Since the considered
area is relatively flat, such height variation can not be considered real and
are probably due to bubbles of water vapor, as is indeed suggested by the
METEOSAT image.
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5. Conclusions

The experience acquired till now in the processing of interferometric
images seems o point out that propagation effects in the troposphere can
set an upper limit to the accuracy of DEMs which can be generated in
some climatic zones by repeat-pass interferometry. It would be advisable to
devise suitable correction techniques which, based on meteorological infor-
mation, could possibly reduce interferometric phase variations due to the
refractive variability of the troposphere.
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