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1. introduction

The ficldof synthetic aperture radar changed dramaticall y over the past decade with
the operational introduction of advanced radar technigues such as polarimetry and
interfecrometry. While both of t hese techniques had been demonstrated much earlier,
radar polari metry only became an operat ional research tool with the introduction of the
NASA/IPL. AIRSAR system in the early 1980’ s, and reached a climax with the t wo
SIR-C/X-SAR flights on board the space shuttle 1 indcavour in April ant] October
1994. Radar interferometry reccived a tremendous boost when the airborne TOPSAR
system was introduced in 1991 by NASA/IPL, and further when data from the
Furopean Space Agency 1 (RS - 1radar satellite became rout inc] y available in 1991.

‘These advanced radar techniques arc now wc]] understood, even if al the problems
arc not yet solved . This paper summarizes the state-of-lhc-arl in these two ficlds asof
the middle Of 1995, concentrating 011 the last three years.

2. SAR Polarimetry

1:lect romagnet ic Wave propagation is a vector phenomenon, i .c. a 1 elect romagnet ic
waves can bc expressed as complex vectors. Plane electromagnetic waves can bc
represented by two-dimensional complex vectors. This is also the case for spherical
waves when the obscrvation point is sufficiently far removed from the source of the
spherical wave. T'herefore, if onc observes a wave t ransmitied by aradar antenna
when the wave is a large distance from the antenna (in the far-ficld of the antenna), the
radiated clect romagnctic wave can be adequate] y described by at wo-dimensional
complex vector. If this radiated wave is now scattered by an object, anti onc observes
this wave in the far-ficld of the scatterer, the scattered wave can again bc adequatel y
described by atwo-dimensional vector. In thisabstract way, one can consider the
scat terer as amathematical operator which t akes onc t wo-dimensional complex vector
(the wave impinging upon the objecct) and changes that into another two-dimensional
vect or (the scat tered wave). Mathemat ical ly, therefore, a scat terer can be characterized
by a complex 2x2 scattering matrix. 1 lowcver, this matrix is afunction of the radar
frequency, and the viewing geometry.

The t ypical implementat ion of aradar polarimeter involves t ransmitting a wave of onc
polarization and receiving cchoes in two orthogonal polarizations simultancously.
This isfollowed by transmitting awave with a second polarization, and again
receiving cchocs with both polarizations simultancously. In this way, all four
clements of the scattering matrix arc measured. This implementation means that the
transmitter is in dlightly different positions when measuring the two columns of the
scattering matrix, but this distance is typically small compared to asynthetic aperture,
and therefore does not lead to a significant decorrclation of the signals. The




NASA/IP]. Al RSAR system pioncered thisimplementation for SAR systems
[Zebker, et al., 1987], and the same implementation was used in the SIR-C part of the
SIR-C/X-SAR radars [Jordan, ef (/1., 1995].

"T'he past three years have seen relatively little advance in the development of hardware
for polari metric SAR systems; newer implementat ions arc simply using more
advanced technology to implement the same basic hardware configurations as the
initial systems. Significant advances were madc, however, in the field of analysis anti
appli cat ion of polarimet ric SAR data.

2.1 Polarimetric SAR Calibration

Many of Ihc advances made in analyzing polarimetric SAR dataresultdirectly from
the greater availability of calibrated dat a. Po] arimetric calibrat ion usual 1y involves
four steps: crosstalk removal, phase calibration, channel imbalance compensation
and absolute radiometric calibration [van Zyl, 1990]. Cross-talk removal refers to
cssentially correcting the cross-polarized elements of the scattering matrix for the
cffccts of the system cross-talk that couples part of the co-polarized returns into the
cross-polarized channel. Phase calibration refersto correcting the co-polarized phase
difference for uncompensated path length differences in the transmit and receive
chains, while channel imbalance refers to balancing the co-polarized and cross-
polarized returns for uncompensated gain differences int he t wo transmitand receive
chains. Finally, absolute radiometric calibration involves using some kind of a
reference calibration source to determine the overall system gain to selate received
power levels to normal ized radar cross-section.

While most of the polari metric calibration algorithms currentl y inuse were published
severa years ago [van Zyl, 1990; Zebker and Lou, 1990; Gray, et al., 1990;
Freeman, et al., 1991, Klein and Freeman, 1991] several groups are still act ively
pursuing the study of improved calibration techniques and algorithms. The earlier
algorithms arc reviewed in Zebker, et al. [1991] and Freeman et al. [1992], whi le
Freeman [ 1992] provides a comprehensive review of SAR calibration in general.
Some of these earlier algorithms arc now routincly used to calibrate polarimetric SAR
data operationaly, as for example in the NASA/JP1. AIRSAR and SIR-C processors
|F'reeman, et {11., 1995].

Sonic of the recent research deals with refining earlier algorithms. 1 ‘or example,
Quegan [1994] recentl y published a unified cross-talk removal and phase calibrat ion
algorithm and derived the conditions under which the cross-talk removal algorithm
previous] y published by van Zyl [1990] may yicld inconsistent results. Sletien [ 1994]
reported a method, based on using a rotated dihedral corner reflector, to resolve aco-
polarized phase ambiguity during phase calibiation. Other research deals with
assessing the accuracy of the calibration algorithms as applicd to SAR data. Thisis
usually donc by performing cross-calibration experiments using truck-mounted
scatterometers deployed during t he SAR overflights, such as the results reported by
Sara bandi, et al. [1994]. in this experiment, the Al RSAR data were calibrated using
the algorithm pub] ished by van Zyl [ 1990] using trihcdral corner reflectors as
calibration targets, and the results compared to those obtained with the University of
Michigan's POLLARSCAT truck-mounted scat tcrometer system calibrated with a
reference sphere. The results show that coherent and incoherent interaction of the
returns from the ground and the trihedral corner reflectors may significantly alter the




expected radar cross section of these calibration devices, resulting in inaccurate
calibrat ion. To circumvent these problems, Sarabandi [1994] introduced a calibration
method that uses aknown distributed target as the calibration reference. While this
algorithm dots not suffer from the deficicncies associated with those algorithms using
point targets as references, it requires the known calibration surface to be measured
with an accurate] y calibrated scat terometer. Asin the case of agorithms involving
point targets, onc must also have reference surfaces that are distributed across the
radar swath in order to cst i mate some of t he range dependent calibrat ion parameters
such as the system cross-talk. Even though scaticrometers can be routinely calibrated
1o better accuracics than SAR systems, it may not always be practical to measure
cnough surfaces to ensure accurate calibration across the entire range swath.

The availability y of calibrated polarimetric SAR data allowed rescarch to move from the
qualitative interpretation of SAR images to the quantitative analysis of the data. This
sparked significant progress in classification of polarimetric SAR images, led to

i mproved modcls of scat tering by different t ypes of terrain, and alowed the
development of some algorithms to invert polari metric SAR data for geoph ysical
parameters, such as forest biomass and surface roughness and soil moisture.

2.2 Classification of Iarth Terrain

Many carth science studics require information about the spatia dist ribut ion of land
covel. types, as well as the change in land cover and land usc with time. Inaddition, it
isincreasing] y recognized that the inversion of SAR dat afor gcoph ysical parameters
involves an initial step of segmenting the image into different terrain classes, followed
by inversion using the algorithm appropriate for the particular terrain class.
Polarimetric SAR systems, capable of providing high resolution images under all
weather conditions as well as during day or night, provide avaluable data source for
classification of carthterrain into different land cover types.

Two main approaches are used to classify images into land cover types: 1) maximum
likelihood classifiers based on Baycsian statistical analysis, and 2) knowledge-based
techniques designed to identify dominant scattering.

Some of the carlier studics in Bayesian classification focused on quantifying the

i ncreased accuracy gained from usi ng all the polarimetric informat ion. Kong ez al.
[1988]and Lim et al. [ 1989] showed that the classification accuracy is significantly
increased when the complete polarimetric information is used compared to that
achicved with single channcl SAR data. Thesc earlier classifiersassumed equal a-
priori probabilities for all classes, and modcled the SAR amplitudes as circular
Gaussian (distributions, which means that the textural variations in radar backscatter
arc not considered to be significant enough to be included in the classification scheme.
van 7yl and Burnette [ 1992] cxtended the Bayesian classification to allow different -
priori probabilities for different classes. Their method first classifies the image into
¢l asses assuming equal a-priori probabi | it its, anti then iterativel y changest hese
probabilitics for subsequent classifications based on the local results of previous
classification runs. Significant improvement in classification accuracy is obtained
with only afcw iterations. More accurate results are obtained using a more rigorous
maxi mum a-posteriori (M AP)classifier where the (i-prim-i distribut ion of image
classcs ismodcled as a Markov random ficld anti the optimization of the image classes
isdonc over the whole i mage instcad of on a pixel-by-pi xcl basis [Rignot and




Chellappa , 1992] In a subsequent work, [Rignot and Chellappa, 1993] the MAP
classifier is extended to include the case of multi-frequency polarimetric radar data.
The MAP classifier was used by Rignot et al. [ 1994] to map forest t ypcs in the
Alaskan borer] forest. in this study, five vegetation types (white, spruce., balsam
poplar, black spruce, alder/willow shrubs, and bog/fen/nonforest) were separated
wit h accuracics ranging from 62% to 90%, dcpending on which frequencics and
polarizations arc used.

Know] cdge-based classifiers usc basal upon determinat ion of dominant scattering
mechanisms through an understanding of the physics of the scattering process as well
ascxpericnce gained from extensive experi Nient a measurements [Pierce, et al,
1994']. Onc of the carlicst examples of such aknowledge-based classifier was
published by van Zyl [ 1989]. In this unsupcr-vised classification, knowledge of the
physics of the scat (cring process was used to classify images into three classes: odd
numbers of reflections, even numbers of reflections, and diffuse scattering. The odd
and even numbers of reflection classes are separated based on the co-polarized phase.
difference, while the diffuse scattering class is identified based on high cross-
polarized return and low correlation bet ween the co-polarized channels, While no
direct attempt was made to identify each class with a particular terrain type, it was
noted that in most cases the odd numbers of reflection class corresponded to bare
Slu'faces 01" open watcer, even numbers of reflections usually indicated urban areas or
sparse forests, somet i mes with underst ory flooding present, whi le diffuse scat tering
isusually identified with vegetated arcas. As such, all vegetated areas arc lumped into
one class, restricting the application of the results. Pierce, et al. [ 1994] extended this
idea and developed a level 1 classifier that segments images into four classes: tall
veget a ion (trees), short veget at ion, urban and bare surfaces. irst t he urban arcas are
separated from the rest by using the 1.-band co-polarized phase difference and the
image texture at C-band. Then areas containing tall vegetation arc identified using the
I.-band cross-polarized return. Finall y, the C-band cross-polarized ret urn and the 1 .-
band texture is used to separate the areas cent aining short vegetation from those with
bare surfaces. Accuracies bet ter than 90% arc reported for (his classificat ion scheme
when applied to two different images acquired in Michigan [Pierce, et al., 1994].
Another example of a knowledge-basccl classificationis reported by FHess et al.

[ 1995]. in thisstudy, a decision-tree classificr isused to classify images of the
Amazonian floodplain ncar Manaus, Braz.il into five classes based on polarimetric
scatlering propertics: water, clearing, macrophyte, non-flooded forest and flooded
fore.st. Accuracies better than 90% are reported.

2.3 Geophysical Parameter Istimation

Onc of the most active arcas of research in polarimetric SAR involves esti mat ing
gcophysical parameters directly form the radar dat athrough model inversion. Space
does not permit afulldiscussion of recent work. Therefore, in thissection on] y abrief
sumumary Of recent work will be provided, with the emphasis on veget ated arcas.

Many models exist to predict scattering from vegetated areas {Lang and Sidhu, 1983
Richards, et al., 1987; Durden, et al., 1989; Ulaby, et al., 1990; Chauhan and ang,
1991; Sun, etal, 1991; Yueh, et al, 1992; Wang, et al., 1993 ; Hsu, et al., 1994,
Lang, et al., 1994] and this remains an arca of active rescarch. Much of the work is
aimed at estimating forest biomass|Dobson, et al., 1992; Le Toan, et al., 1992;
Ranson and Sun, 1994; Beaudoin, et al., 1994, Rignot, et al, 1995) . }Harlier works




correlated polari metric SAR backseat ter wit h total above-gmuad biomass [Dobson, et
al., 1992; Le Toan, et al., 1992], and suggested that the backscatter saturates at a
biomass level that scales with frequency, aresult aso predicted by theoretic models.
This led some investigators to conclude that these sat urat ion levels define the upper
[imits for accurate estimation of biomass|/mhoff, 199.5], arguing for the use of low
{requency radars to be used for monitoring forest biomass [Rignot, et al., 1995].

More recent work suggests that some spectral gradients and polarization ratios do not
sat urate as g uickly and may therefore be used to extend the range of biomass levels
for which accurate inversions could be obt ained [Ranson and Sun, 1994]. Rignot, et
al.11995] showed that inversion results are most accurate for mono-species forests,
and that accuracics decrease for less homogencous forests. They conclude that the
accuracies of the radar cstimates of biomass arc likely to increase if structural
differences bet ween forest t ypes are accounted for during the inversion of the radar
data .

Such an integrated approach to retricval of forest biophysical characteristics is
reported in Ranson ef al. [1995] and Dobson et al.| 1995]. These st udics first
segment i mages int o different forest structural t ypes, and then usc agorithms
appropriate for each structural type in the inversion. Turthermore, Dobson et al.

[ 1995] estimates the total biomass by first using the molar data to cstimate trec basal
arca and height and crown biomass. The trec basal area and height arc then used in
allometric cquations to estimate the trunk biomass. The total biomass, which is the
sum of the trunk and crown biomass values, IS shown to be accurately related to
allometric total biomass Icvelsup to 25 kg/m while Kasischke et al. [ 1995] estimates
that biomass lcvels as high as 34 1o 40 kg/m’ could be estimated with an accuracy of
15-25% using multipolarization C, 1., and P-band SAR data.

Research in retrieving geophysical parameters from non-vegetated areasis also an
active research arca, although not as man y groups arc involved. Onc of the carlicst
algorithms to infcr soil moist ure and surface roughness for bare surfaces was
published by Oh ef al.[ 1992]. This algorithm uscs polarization ratios to separate the
cffects of surface roughness and soi I moisture on the radar backseat (cr, and an
accuracy of 4% for soi 1 moisture isreported. More recentl y, Dubois et al.| 1995]
reported a glightly different algorithm, bascd only on the co-polarized backscatters
measured at L-band. Their results, using d at afrom scat terometers, airborne SARs
and spaccborne SARs (SIR-C) show an accuracy of 4.2% when inferring soil
moisturc over bare surfaces. Shi and Dozier [ 19951 reported an algorithm to measure
snow wetness, and demonstrated accuracies of 2.5%.

3. SAR Interferometry

SAR interferometry refers to aclass of techniques where additional information is
cxtracted from SAR images that arc acquired from different vantage points, or at
different times. Various implementations allow different types of information to be
ext mete.cl. or example, if two SAR images arc acquired from dlightly different
viewing geometrics, in formation about the topography of the surface can be inferred.
On the other hand, if images arc taken at slightly different times, a map of surface
velocitics can be produced. 1 inally, if sets of interferomet ric images are combined,
subtle changes in the scene can be measured with extremely high accuracy.




in this scction, we shall first discuss so-called cross-track interferometers used for the
measurement of surface topography. This will be followed by a discussion of along-
track interferometers used to measure surface velocit y. The section is ended with a
discussion of differential interferometry used to measure SW’' face changes and
deformation. We shall not repeat the theory of radar interferometry here; as it has
previous] y been described by Graham|1974], Zisk | 19728, 1972b), Zebker and
Goldstein| 1986], and Massonnet and Rabaute [ 1993]. 1 nstead, we shall concentrate
onimplement at ions, and point out the arcas where more rescarch is needed.

3.1Radar Interferometry for Measuring Topography

SAR interfcrometry was first demonstrated by Graham [ 1974], who demonstrated @
pattern of nulls or interference fringes by vectorally adding the signals received from
two SAR antennas; one physically sitvated above the other. 1ater, Zebker and
Goldstein [1986] demonstrated that these interference fringes can be formed after
SAR processing of theindividualimages if both the amplitude and the phase of the
radar images arc preserved d uring the processing. For detai s oft he theory of radar
interferometry, the reader isreferred to Rodriguez and Martin| 1992].

SAR interferometers for the measurement of topography can be implemented in once of
two ways, in the case of single-pass interferometry, the system is configured to
mcasurc the two images at the same time through two diffcrent antennas usually
arranged onc above the other. The physical separation of the antennas is referred to as
the baseline of the interferometer. Int he case of repeat-track interferometry, the two

I mages arc acquired by physical 1y imaging t he scene at two different t imes using two
different viewing gecometries.

So far al single pass interferometers have been implemented using airborne SARs
|Zebker and Goldstein, 1986; Zebker ei al., 1992; Faller and Meicr, 1995). Most of
the rescarch has gone into understanding the various error sources and how to correct
their effects during and afler processing. As afirst step, carcful motion compensat ion
must be performed during processing to correct for the actual deviation of the aircraft
plat form from astraight t rajectory [Madsen, et d., 199.7]. As mentioned before, the
single-look SAR processor must preserve both the amplit ude and the phase of the
images. Afler single-look processing, the images arc carcfully co-registered to
maximize the correlation between the images. The so-called interferogram is formed
by subtracting the phase in onc image from that in the other on a pixel-by-pixc] basis.

Once the images are processed and combined, the measured phase must be

un wrapped. During this procedure, the measured phase, which varics only bet ween
0 and 360°, must be unwrapped to retrieve the original phase by adding or subtracting
multiples of 360°. The carlicst phase un wrapping rout i ne was publ i shed by
Goldstein et al.] 1988]. in this algorithm, arcas where the phase will be

di scent inuous due to layover or poor signal -to-noise ratios arc ident ified by branch
cuts, and the phase unwrapping routine isi mplement ccl such that branch cuts arc not
crossed when unwrapping the phases. 1 ixtensions and refinements of this technique
were proposed by Lin et al.] 1992]. Phase un wrapping remains onc oft he most

act ive arcas of research, and many algorit hms remain under development, but have
not yet appeared in the open literat ure.

1 ivenafter the phases have been unwrapped, the absolute phase is still not known.
This isrequired to produce a height map that is calibrated in the absolute sense. One
way to estimate this absolute phasc iSto usc ground control points with known
clevations in the scene. However, this human intervention severely limits the case




wit h which interferometry can be used operationally. Madsen et al.[ 19931 reported a
method by which the radar data itself is used to estimate this absolute phase. The
method breaks the radar bandwidth up into anupper and lower halves, and then uses
the. different ial interferogram formed by Subt racting the upper half spect rum
interferogram from the lower half spectrum interferogram to form an equivalent low
frequency interferomeler to estimate the absolute phase. Unfortunatel y, this algorithm
isnot robust cnough in practice to fully automate i nterferometric processing. This is
one arca where significant rescarch isneeded if the full potential of automated SAR

I nterferomet ry isto be realized.

Absolute phase determination is followed by height reconstruction. Once the
elevations in the scenc are known, the entire digital elevation map can be geometrically
rectified. 1‘or the NASA/IPL, TOPSAR interferometer, Madsen et al. [ 1993] reported
accuracies ranging between 2.2 mr.m.s. for flat terrain and 5.5 m r.m.s. for terrain
with significant relief.

An alternative way to form the interferometric bascline isto usc a single channel radar
to image the same scene from slightly different viewing gcometries. Thistechnique,
known as repeat-tmck interferometry, has been mostly applicd to spaccborne data
starting with data collected with the 1.-band SEASAT SAR [Goldstein, et al., 1988, 1i
and Goldstein, 1990; Prat i and Rocca, 1990; Prati et al., 1990; Zebker and Villasenor,
1992; Prati and Rocca, 199.5’]. Other investigators used data from the 1.-band SIR-B
[Gabriel, et al., 1989], the C-band ERS- 1 radar [Gatelli,et al., 1994; Zebker, et al.,
1994a], and 11101’ C recently the 1.-band S1 R-C [Stofan, et al, 199.5] and the X-band X-
SAR[Moreira, et al., 199.5]. Repeat-track interfecrometry has aso been demonstrated
using airborne SAR systems [ Gray and Farris-Manning, 199.7].

‘1 'wo main problems limit the usefulness of repeat-track i nterferometry. The first is
due to the fact that, unlike the case of single-pass interferometry, the baseline of the
repeat-track interferometer is not known accurately enough to infer accurate elevation
i nformat ion fromthe interferogram. Zebker et al. | 1994a] shows how the baseline can
be cst i mated using ground cent rol pointsin the i mage. The second problem is due to
differences in scattering and propagation that result from the fact that the two images
forming the interferogram are acquired at different times. Onc result iS temporal
decorrelation, which is worst at the higher frequencics [Zebker and Villasenor, 1992].
‘1 'his problem more than any other limits the use of the current operational spaceborne
single-channel SARS for topographic mapping, and led to proposals for dedicated

int erferometric SAR missions to map the cntirc globe [Moccia and Vetrella, 1992;
Zebker, etal., 199411].

3.2 Along Track Interferometry

in some cases, the temporal change between interferometric images cent ains much

i nformat i on. Onc such case is the mapping of ocean surface movement. 1 n this case,
the interferometer isimplemented in such away that one antenna images the scene a
short time before the sccond ant enna, preferabl y using the same vicwing geometry.
Goldsteinand Zebker [1987] described such an implement at ion in which one antenna
is mounted forward of the other on the body of the NASA DC-8 aircraft. In alater
work, Goldstein, ef al. [ 1989] mecasured ocean currents with a velocit y resolution of 5
to 10 rids. Along-track interferometry was used by Marom et al'| 1990] and Marom et
al [1991] to cst i mate occan surface current velocit y and wavenumber spectra. ‘I"his
technique was also applied to the measurement of ship-generated internal wave
velocities by Thompson and Jensen [ 1993].




in addition to mcasuring ocean surface velocities, Carande [ 1994] reports a dual
bascline implementat ion, implemented by alternatel y transmit ting out of the front and
aflantennas, to measure ocean coherence time. He estimated typical ocean coherence
timesfor 1.-band to be about 0.1 s. Shemer and Marom | 1993 proposed a method to
measure ocean coherence t i me using onl'y amodel for t he coherence t imc and one
interferomet ric SAR observat ion.

3.3 Differential Interferometry

One of the most cxciting applications of radar interferometry is implemented by
subtracting two interfcrometric pairs separated in time from each other to form aso-
ca] led differential i nterferogram. 1 n this way surface deformat ion can be measured
with unprecedented accuracy. ‘This technique was first demonstrated by Gabriel et al.
[1989] using data from S1{ASAT" data to measure nlillime{ cr-scale ground motion in
agricultural ficlds. S nce then this technique has been applied to measure centimeter-
to meter- scale co-seismic displaccments [Massonnet, et al., 199.?;, Massonnet, et al.,
1994: Zebker, et al., 1994c¢; Pelizer, et al., 1994; Peltzer and Rosen, 199S; Massonnet
et al., 1995)and to measure cent i mctm-scale volcanic deflat ion [Massonnet and Feigl,
1995]. The added information provided by high spat ial resolut ion co-seismic
deformation maps was shown to provide insight into the dip mechanism that would
not be attainable from the seismic record [Peltzer, et al., 1994, Peltzer and Rosen,
199.5].

Differential SAR interferometry has also Iead to spectacular applications in polar ice
shed research by providing i nformat ion on ice deformat ion and surface topography at
an unprecedented level of spatial details. Goldstein et al. [ 1993] observed ice stream
motion and tidal flexure of the Rutford Glacier in Antarctica with a precision

of Imm per day and summarized the key advant ages of using SAR interferomet ry for
glacier studics. Joughin et al. [1995] studied the separability of ice motion and
surface topography in Greenland and compared the results with both radar and lascr
altimetry. Rignot et al. [ 1995] cstimated the precision of the SAR-dcrived velocities
using a network of in-situ velocitics, and demonstrated, along with Joughin et al.

[ 1995], the practicdity of using SAR interferometry across all the different melting
regimes of the Greenland Ice Sheet. 1.arge-scale applications of these techniques is
expected to yield significant improvements in our know] edge of the dynamics, mass
balance and stability of the world's major icc masses.

One confusing factor in the identification of surface deformation in differential
interferograms is due to changing atmospheric conditions. In observing the carth,
radar signals propagate through the at mosphere, which introduces additional phase
shifts that arc not accounted for in the standard geometrical collations describing radar
interferometry. Spatially varying patterns of atmospheric water vapor changes the
local index of refraction, which, in turn, introduces spatially varying phase shiftsto
the individual interferograms. Since the two (or more) interferograms are acquired at
different times, the temporal change in water vapor introduces asignal that could be
on the same order of magnitude as that expected from surface deformat ion, as
discussed by Goldstein [ 1995], Another limit at ion of the technique istemporal
decorrelation, Changes in the surface propertics may lead to complete decorrelat ion of
the images and no detectable deformat ion signature [Zebker, et al, 1994c¢].

Current research is only beginning to realize the full potential Of radar interferometry.
1 iven though some significant problems still have to be solved before this technigue
wi 11 become fully operational, the next fcw years willundoubtedl y see an explosion in
the interest and use of radar interferometry data.
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