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Abstract. Multi-temporal synthetic aperture radar (SAR) interferometric coherence imagery is a useful information source for the detection of random changes
of the land surface. Three coherence images derived from three ERS-1 SAR images
(acquired on 8 September 1992, 13 October 1992 and 28 September 1993) of a
desert area in Algeria revealed several interesting phenomena, including distribution of mobile sand, erosion along river channels, variation of ephemeral lakes
and ‘mystery’ seismic survey lines.

1.

Introduction
With the development of radar interferometry techniques and applications, the
value of multi-temporal coherence imagery as a useful information source for surface
change detection has been widely recognized and many successful application cases
have been reported (Hagberg et al. 1995; Corr and Whitehouse 1996; Schwäbisch
et al. 1997; Smith and Alsdorf 1997; Ichoku et al. 1998 ).
The ESA ERS 1 and 2 platforms have accurate position data and can revisit the
same area from the same orbit with only a few tens to a few hundreds of metres
drift ( baseline distance). A space-borne interferometer mechanism can thus be established using repeated multi-temporal synthetic aperture radar (SAR) imagery data.
A SAR image is composed of complex pixel numbers recording not only the intensity
but also the phase of the signal. Any pixel of such a complex image can be regarded
as a vector. The magnitude of the vector (intensity) is mainly dependent on the
collective physical properties of the scatterers within the corresponding pixel area
on the land surface while the phase is sensitive to the geometry and position of them.
SAR coherence is de ned as the vector local correlation in a small neighbourhood
between two complex SAR images. If there is absolutely no change on the land
surface between two SAR image acquisitions from the same orbit with minor drift,
and the two images are perfectly co-registered, the phase diVerence between the two
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images in a small neighbourhood will be a constant and thus result in nearly full
coherence. Any random changes of scatterers on the land surface during the two
acquisitions will cause irregular variation of phase and reduce the coherence.
Particularly, if the random variation averaged over a resolution cell exceeds half of
the radar wavelength in the slant range direction, the vectors will lose local correlation
resulting in decorrelation. Therefore, coherence provides a reliable detection of
random changes on the land surface although it does not give direct information of
the nature of these changes.
This paper presents the results of a case study of land surface change detection
and interpretation in an arid area of the Sahara desert in Algeria using ERS SAR
multi-temporal coherence images. The paper will place emphasis on the interpretation
of the nature of some interesting change phenomena found in these images.
2.

The study area
The area chosen for study is in eastern Algeria near the border with Libya in
North Africa, 100 km×100 km, at approximatel y 27–28° N and 8–9° E. The Atlas
Mountains separate the warm and temperate region along the coast of the
Mediterranean from the vast, hot, arid or hyper-arid desert: the Sahara. With very
low humidity levels of 5–25%, rainfall is rare, the solar radiation is intensive and
the diurnal variation of temperature is large in the region (Ahrens 1994).
The very low precipitation and excessive evaporation make the desert hyper-dry,
barren and almost completely devoid of surface vegetative cover. This absence of a
binding agent allows the loose sand or topsoil to migrate according to the prevailing
wind patterns. It has been observed that the desert conditions of this region are
expanding northwards, with the vegetation of marginal lands being stripped for
 rewood or animal fodder, further exposing fragile soils to erosion.
As shown in a colour composite of a Landsat TM image ( gure 1), the main
geographic features of the study area are large expanses of  at bare rock or gravel
plains broken up by escarpments, gully networks and ephemeral drainage channels,
some of which  ow into elongated lakes or depressions. Large parts of the region
are covered with seas of sand, with linear, barchanoid and star dune types present,
as well as thin sand sheets.
3.

Coherence image processing and evaluation
Three scenes of ERS-1 SAR raw data of the study area acquired on 8 September
1992, 13 October 1992 and 28 September 1993 were processed by a SAR processor
to produce single look complex (SLC) images. We name the three scenes in time
sequence as Alg1, Alg2 and Alg3. Coherence represents the local correlation of the
radar re ection characteristics of the surface target between two observations. This
can be estimated by ensemble averaging N neighbouring pixels of complex SAR
data as:
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Study area: Landsat TM colour composite of band 4, 2 and 1 in RGB.

A series of routine signal processing was carried out to estimate coherence
including highly accurate co-registration, range spectral  ltering to reduce baseline
decorrelation eVect and optimizing sample average window. Two SLC images were
co-registered within 1/32 of a pixel ambiguity that is accurate enough for most
techniques of SAR interferometry. Range-varying  ltering with local slope was not
applied because of the relatively  at and highly coherent nature of the study area.
The choice of averaging window size is a trade-oV between unbiased coherence
estimation and spatial resolution. Selecting a small averaging window ensures high
spatial resolution but may risk the bias of coherence estimation towards a higher
value especially in a low coherence area, thus degrading the overall contrast of the
coherence image (Touzi et al. 1999). A relatively small window (10 pixels in azimuth
direction and one pixel in range direction) satis ed both requirements of a high
contrast coherence image and a high spatial resolution in this hyper-arid, stable and
 at desert area.
Among the three SLC images, Alg2 was used as the master scene while Alg1 and
Alg3 were used as slave scenes to be co-registered to the master. Three coherence
images with 35, 350 and 385 days’ temporal separation were thus produced and
named Coh12, Coh23 and Coh13.
There are several decorrelation factors that cause the loss of coherence in multi-
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temporal coherence imagery (Zebker and Villasenor 1992; Gens and van Genderen
1996 ). In addition to the temporal change of the land surface, which is the target of
the study, the major factors reducing coherence level are the baseline distance and
the local slope.
Decorrelation caused by baseline separation is an inherent factor of the multipass, multi-temporal interferometric SAR system. Baseline is the distance between
the orbit tracks of two image acquisitions. The component of the baseline perpendicular to the radar look direction (B ) represents the diVerence in view angles for the
same ground target between the two tracks. The phase of a radar return signal is
decided by the vector summation of all the scatterers within a ground resolution
cell. If B is signi cant, the radar beam will illuminate the same ground target at
a quite diVerent angle and the collective eVects of the relevant scatterers will result
in a certain degree of random phase change. Thus the coherence decreases with the
increase of B as characterized in the formula below (Zebker and Villasenor 1992).
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where h is the incidence angle, R the ground range resolution, l the radar wavelength
y
and r the distance from the radar sensor to the centre of a resolution element.
This function is only for an ideal surface re ector and a sensor system with a
typical radar impulse response function. According to equation (2), a short B is
generally preferred for coherence-based random change detection.
The theoretical coherence values of the three coherence images were calculated
using equation (2) with the nominal parameters of the ERS-1 SAR system. These
data, together with the actual average coherence values of the whole scene, a high
coherence  at area and a gully-dissected area are shown in table 1. The theoretical
coherence value declines steadily with the increase of B . The average coherence for
the whole scene is much lower than the theoretical values for all three coherence
images because of very low coherence in the large areas covered by mobile sand. It
is interesting to note that the average coherence over the gully-dissected area for
Coh23 is higher than that for the full scene and it is signi cantly higher than those
for Coh12 and Coh13 which are lower than their correspondent full scene averages.
For further analysis, the ratios between the actual and the theoretical coherence
values were calculated (table 1). The ratio data give an evaluation of the relationships
between B , local slope, temporal changes and coherence level. For the full scene,
r
/r
ratio declines with the increase of temporal separation because the
actual theory
random changes of land surface accumulate with time. In the gully area, however,
Table 1.

Coherence imagery statistics.
Coh12

Time separation (days)
B (m)
Theoretical r
theory
Actual
Full scene
High coherence area
r
Gully area
actual

35
263
0.7958
0.5142
0.6677
0.3900

r
actual
r
theory

Coh23

350
105
0.9185
0.6461
0.5569
0.8390
0.7939
0.4901
0.6104

r
actual
r
theory

Coh13

385
368
0.7143
0.6063 0.4279
0.8643 0.5460
0.6646 0.3496

r
actual
r
theory

0.5990
0.7644
0.4894
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r
/r
values decrease signi cantly (26%) between Coh23 and Coh12 as B
actual theory
increases from 105 m to 263 m. This is due to the spatial decorrelation eVect on
directly radar-facing slopes (Lee and Liu 1999) as further discussed in §4.4. For the
same reason, r
/r
decreases gently with the increase of B in the  at stable
actual theory
area though the ratio values are generally high.
4. Image visualization and interpretation for change detection
4.1. Principles of interpretation
The study area has a very stable environment. The possible factors causing
random changes of land surface are sand movement, erosion and deposition caused
by wind or occasional  ash  ooding and limited human activities mainly relating to
oil exploration. These changes will cause the decrease and loss of coherence and
form dark features remarkably obvious against the high coherence background of a
stable, barren land surface. With three images taken with 35, 350 and 385 days’
temporal separation, simple logical analysis is eVective for interpreting the nature of
the changes. Typically, there are six possible scenarios, as shown in table 2.
4.2. Sand movement
Several types of sand dunes are present in the area, including transverse barchan
and linear types, and star dune networks. These are generally evident on TM imagery
( gure 1), which shows the morphology and structure of individual dune features.
However, to de ne the boundaries of a dune or dune- eld and to identify thin sheets
of mobile sand are not always possible using TM or other types of optical imagery,
particularly when the spectral properties of sand are very similar to solid basement,
as shown in  gure 2(a). SAR amplitude imagery is even less adequate for the task,
as shown in  gure 2(b), because the tone variation of the image is relevant to surface
roughness rather than spectral or dynamic properties.
In contrast, based on quite diVerent principles, coherence imagery is very eVective
for dune boundary delineation and mobile sand sheet identi cation thus enabling a
Table 2.

Scenarios for interpretation of multi-temporal coherence images.
Level of coherence
coh12 (35 days)
8 Sep–13 Oct
1992

coh23 (350 days)
13 Oct 1992–
28 Sep 1993

1
2

High
High

High
Low

3

Low

High

4

Low

Low

5

Medium

High

6

Medium

Low

Scenario

Interpretation
Stable, no change
Stable, then substantial change
after 13 Oct
Sudden change within 35 days
then stable in the following 350
days
Continually substantial change
over whole period or sudden
change in 35 days followed by
substantial change in 350 days
Slight change until 13 Oct, then
stable
Slow and progressive change
over whole period
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Figure 2. Dune boundary de nition and mobile sand detection. (a) Colour composite of
Landsat TM band 421 in RGB. (b) Multi-look amplitude image of Alg1 scene. (c) Coh12,
the coherence image of 35 day separation. (d) Coh23, the coherence image of 350 day
separation.

Figure 3. Dune migration and change in ephemeral lakes. (a) Colour composite of Coh12,
Coh23 and Coh13 in RGB. (b) Colour composite of Landsat TM band 421 in RGB.

critical assessment of dune movement and sand encroachment. The loose sand grains
on dune surfaces or thin sand sheets on a solid basement plain are subject to a
continuous movement under the wind even though the dune is static as a whole.
The sand movement causes random changes of the micro-geometry of scatterers on
the sand-covere d land surfaces and thus results in loss of coherence over a very short
period (Liu et al. 1997a) as characterized by scenario 4 in table 2. The very dark
decoherence features of mobile sand over a bright, high coherence background are
not only direct evidence of sand mobility but also eVectively delineate the outlines
of active dunes and optically indiscernible thin sand sheets. These data are not easily
obtainable over a large region using conventional means and other Earth observation
techniques.
As illustrated in  gure 2(c), complex boundaries of three chains of dunes (barchan
and linear types) in the region are sharply de ned in the Coh12 image as decoherence
patches over a high coherence background. The boundaries are distinctive and
de nite. With 350 day temporal separation, the Coh23 image ( gure 2(d)) reveals a
thin sheet of mobile sand spreading into the inter-dune areas making the whole dune
 eld a nearly continuous decoherence patch. The central part of the dune- eld is
typically characterized by scenario 6 in table 2 as medium coherence in Coh12 and
low coherence in Coh23 indicating continuous transport of the sand sheet as it is
swept over the barren land surface.
The dune positions are de ned eVectively in coherence images of 35, 350 and 385
days’ temporal separation. As the three coherence images are very accurately
co-registered to sub-pixel level, a colour composite of them may reveal possible dune
migration, which occurred during the 385-day period, based on the method outlined
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by Liu et al. (1997a). For a colour composite of Coh12 in red, Coh23 in green and
Coh13 in blue, a migrating barchan dune would be presented as a dark decoherence
feature with narrow trailing edge in red and windward edge in green. As illustrated in  gure 3(a), this diagnostic pattern is not evident, a discovery that was not
unexpected for the following reasons:
1. The large formations approximatel y 1 km wide are static as a whole, as
con rmed by comparison between the SAR multi-look amplitude images and
the TM image. These large formations consist of small barchanoid ridges 50 m
wide, which themselves are likely to be the migrating features, but the migration
cannot be detected in the largely decoherent background of the sand sea.
2. Even dunes migrating rapidly at 20 m per year would not produce a substantial
signal on images of 35 and 350 day intervals, at a coarse pixel resolution of
around 30 m.
In order to make a serious attempt to identify dune migration, coherence imagery
with a temporal separation of at least two years is preferred.
4.3. Ephemeral lakes and water bodies
The RGB colour composite of coherence images is an eVective aid for logical
analysis of various events of land surface changes. The area de ned by a box in the
coherence colour composite ( gure 3(a)) presents an obvious red patch. It appears
to correspond strongly with a bright cyan feature on the TM 421 colour composite
( gure 3(b)), which is de ned as a shallow ephemeral lake in a reference map of the
area (DMAAC 1981). The analysis of TM multi-spectral information indicates that
the lake was nearly dry when the TM image was taken on 10 February 1987 (there
was no precipitation in January and February 1987 according to the data from the
GPCC website). As shown in  gure 4(a) and (b), the lake patch is not particularly
dark in near-infrared band TM4 and very bright in the thermal band TM6. This
characteristic is contradictory to the typical water spectral signature: strong absorption in TM4. In fact, the area presents an unusual spectral property: high albedo
and high thermal emission. In general cases, high albedo objects would have low
thermal emission (Liu et al. 1997b). The exceptional cases may occur for crystallized
transparent material with strong internal scattering such as snow, gypsum and salt.
It is reasonable to presume that this dried lake basin is covered with salt deposits.
Red pixels in  gure 3(a) are those coherent in Coh12 ( gure 4(c)), but not in
Coh23 ( gure 4(d)), logically implying a slowly changing environment that appears
relatively stable in the short term (35 days), but the accumulated progressive change
is substantial over a much longer period (350 days). It is therefore suggested that

Figure 4.

The spectral and coherence properties of an ephemeral lake. (a) TM band 4; (b) TM
band 6; (c) Coh12; (d) Coh23.
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the lake basin was dry during the initial 35 days with a relatively stable surface. This
condition allows medium to high coherence in Coh12. Then in the following 350
days, the lake possibly experienced recharges of  oodwaters, temperature variation
over a considerable range and repeated salt mineral crystallization due to the water
level change. Any of these processes can produce random changes signi cant enough
to result in decoherence in Coh23. This explanation is supported by monthly average
precipitation data (GPCC 1992–1993; Rudolf et al. 1994 ) of the area during the
period as shown in  gure 5. There was 6–10 mm precipitation in winter 1992 and
5–6 mm in autumn 1993, which is adequate to cause seasonal recharge to the lake.
A small area with spotty green patches to the west of the lake in the box
( gure 3(a)) seems to present a totally opposite scenario: the area experienced change
in the initial 35 days and then became quite stable in the following 350 days. This
explanation is not easily acceptable. With much shorter B , Coh23 has a higher
coherence level than Coh12. Particularly on the slope surfaces facing the SAR
illumination, coherence values in Coh23 are signi cantly higher, thus producing
green spots and patches in the coherence colour composite ( gure 3(a)). This case
will be further explained with a more obvious example of drainage pattern in §4.4.
Appearing in low to medium coherence, this marginal area between dunes and lakes
may be partially covered by a thin sheet of sand or  ne dust.
Numerous similar patchy features can be identi ed in this region using the same
logic and methodology, which correspond well with ephemeral lakes in the TM421
RGB colour composite ( gure 3 (b)). Obviously, a con dent identi cation of these
desert lakes cannot be achieved without the TM colour composite. The extra contribution of the SAR multi-temporal coherence image is the detection of the dynamic
activities of these lakes.
4.4. Drainage pattern and erosion
Though the dominant erosional agent in the Sahara desert is the prevailing wind,
occasional and isolated intense rainstorms can cause local  ooding and rapid  uvial
erosion/deposition. Multi-temporal coherence imagery can provide direct evidence
of erosion. As there is an acute lack of information on the spatial location and
temporal frequency of such erosion events, coherence imagery represents a valuable
potential source of such data.
As shown in  gure 6(a), the coherence image Coh12 illustrates an area with high
coherence over the initial 35 day period. There are no obvious water channel features

Figure 5. Average monthly precipitation from September 1992 to September 1993 for the
study area in the Sahara (7–9° E, 27–28° N) (Global Precipitation Climatology Centre
homepage: http://www.dwd.de/research/gpcc).
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Figure 6. Drainage channels. Two major rivers in the region are not visible in (a) the 35 day
separation coherence image Coh 12 but clearly show as decoherence features in (b) the
350 day separation coherence image Coh 23.

except for a small section of channel approximatel y 30 m wide in the bottom-right
corner of the image with low coherence. The subsequent Coh23 image ( gure 6(b))
on the other hand, exhibits two separate major channels as obvious decoherence
features in a high coherence background. These features are very eminent from the
east and gradually become less pronounced further downstream towards the west.
This characteristic re ects localized  ooding from isolated storms, coupled with high
transmission losses and evaporation causing surface  ow to diminish downstream.
As shown in  gure 5, there was no precipitation during September and October
1992. We can therefore assume that the channels were dry and stable in the initial
35 days. In the subsequent 350 days, there were 6–10 mm precipitation in winter
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1992 and 5–6 mm in autumn 1993. These rainfall events could have caused seasonal
 ash  ood in the rivers and resulted in active erosion/deposition.
Figure 7 presents an interesting and controversial case of drainage patterns. The
Coh12 image ( gure 7(a)) illustrates very distinctive gullies which are typical  uvial
erosion features in arid lands. These decoherence gully features, sharply contrasting
with a high coherence background, seem to provide convincing evidence of rapid
 uvial erosion in 35 days in this arid region! The simple fact that there was no
rainfall event in the period ( gure 5) in conjunction with detailed observation rejects
this conclusion. The bottoms of major valleys to which the gullies attribute show
high coherence. If there was signi cant erosion in the gullies, the material transported
to the valleys should have made the valley bottoms lose coherence.
The Coh23 image of the same area ( gure 7(b)) reveals the other side of the coin:
the same gully patterns show much higher coherence. Particularly, the decoherence
features along many gully walls in Coh12 appear in very high coherence in Coh23.
These gully walls are highlighted in bright green in a colour composite of Coh12 in
red, Coh23 in green and Coh13 in blue ( gure 7(c)). The phenomena certainly rule
out the possibility of intensive  uvial erosion in 35 days as well as the subsequent
350 days.
What is the cause of the gully decoherence in Coh12? Referring to the amplitude

Figure 7.

Gully features. (a) Coh12; (b) Coh23; (c) colour composite of Coh12, Coh23 and
Coh13 in RGB; (d) multi-look amplitude image of Alg2 scene.
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image ( gure 7(d)), it is obvious that the gully decoherence features in Coh12 mainly
occur along east-facing slopes where the foreshortening eVect is signi cant under
direct radar illumination. As discussed in §3, a longer B between two SAR images
means a greater diVerence in view angles to the same target. On a foreshortened
slope, the return radar signals from nominal equal range positions will be recorded
as one point with enhanced intensity (as a result, foreshortened slopes are always
bright in amplitude images). The phase of such a point is decided by the vector
summation of all the overlapped return signals. The change of view angle will change
the combination of equal range positions along a foreshortened slope and thus the
composition of the overlapped return signals. The phases of pixels on a foreshortened
slope are therefore subject to random variation particularly within a range of view
angles nearly perpendicular to the slope surface. This critical angle range of random
phase variation can be ignored for a short B as in the case of Coh23 resulting in
high coherence. However, with a long B , the critical angle range becomes signi cantly wide and produces obvious decoherence features on foreshortened slopes, as
in the case of Coh12 (as well as Coh13 ). This explanation is supported by the data
in table 1, which show that the decrease of coherence with the increase of B is more
signi cant in this gully area than in other areas. The physical and mathematical
approval of this phenomenon was published separately (Lee and Liu 1999 ).
4.5. Geophysical survey lines
An unexpected  nding of this study is the straight line network shown in  gure 8.
Obviously, these are the results of anthropogenic disturbance over the periods
between the repeated SAR image acquisitions. These features are not present in the
relevant SAR amplitude images.
The coherence image Coh12 observed between 8 September and 13 October 1992
faintly reveals only a few long, straight lines of low coherence ( gure 8(a)). The image
Coh23 observed between 13 October 1992 and 28 September 1993 ( gure 8(b))
presents a much greater number of mostly parallel straight lines in a complex matrix,
but of diVerent orientations from those observed in Coh12. They are clearly visible
over this approximatel y 40 km×40 km sub-scene area, with single lines up to 40 km
long at a spacing of 2–3 km. It is known that Sonatrach, the national oil company
of Algeria, operated in the area during the period, according to a February 1992
licence map. We have been unable to obtain further information about the oil
exploration in the region directly from the company; however, the coherence image
Coh23 revealed considerable details.
Seismic survey lines will result in decorrelation between the SAR images taken
before and after the survey as long as the swath is equivalent to or wider than the
SAR image resolution cell and the random disturbance caused by engineering work
is greater than half a wavelength of the radar beam (2.83 cm) in its slant range
direction. The features are therefore detectable using the coherence image in such a
largely stable environment. However, the disturbance to the ground, after land
surface recovering, is not great enough to signi cantly alter the average spectral
property of aVected image pixels; due to the relatively small vertical scale of the land
surface change the features are not visible in the amplitude image ( gure 8(c)).
A map depicting all of the observed survey lines deduced from coherence imagery
is presented in  gure 8(d). The survey engineering work might have been started well
before 8 September 1992 but the survey lines generated before this date would not
be evident on either Coh12 or Coh23. As shown in Coh12, only a few survey lines
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Seismic survey lines. (a) Coh 12; (b) Coh 23; (c) multi-look amplitude image of Alg3
scene; (d ) interpretation of straight linear features.

were produced in the 35 days from 8 September 1992 to 13 October 1992. The work
was continued after 13 October 1992 and a matrix of many survey lines was
completed in a year. Straight lines in Coh12 usually do not occur in Coh23 because
the survey lines dug after 8 September 1992 and completed before 13 October 1992
would be left undisturbed in the subsequent 350 days. However, in the sub-scene of
 gure 8, a few lines appearing in Coh12 can be faintly seen as discontinuous segments
in Coh23. One explanation is that the seismic surveys along these lines were half
way through on 13 October 1992. Further engineering work to complete the survey
and recover the land surface disturbed the ground and left a low coherence mark
on Coh23.
Besides straight lines, other low coherence linear features can also be observed
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in  gure 8(b). Some curved lines are obviously drainage patterns. A few slightly bent
lines may be roads that experienced frequent disturbance by vehicles.
This case demonstrate s the unique function of coherence imagery as a tool for
monitoring environmental impact of human activities.
5.

Discussion
The primary value of coherence imagery lies in its ability to eYciently record
very subtle random changes on the land surface in an otherwise stable environment.
If the averaged random change of dominant scatterers within a resolution cell exceeds
half of the radar wavelength (2.83 cm for ERS-1) in the direction of slant range, it
will in theory cause total decorrelation. Changes at this small scale cannot be detected
on conventional optical imagery. The change detection technique based on multitemporal SAR coherence imagery is fundamentally diVerent from the SAR interferogram-based measurement technique. DiVerential SAR interferometry is capable of
measuring centimetre-level land surface deformation (a systematic block change) but
is not workable with the random changes in the same scale range. On the other
hand, coherence imagery can detect the centimetre-level random changes but cannot
provide quantitative measurements.
In an arid environment such as the Sahara example explored here, the predominantly bare desert surface forms an extremely stable landscape which retains high
coherence over very long periods (several years). The contrast between this bright
background and the dark decorrelation signatures of any change elements permits
immediate detection and delineation of unstable features. It is this property which
enables the spatial and temporal mapping of surface processes with a con dence
unrivalled by other Earth-observatio n techniques, and over areas too large or
inaccessible for eVective  eld surveys.
The methodology described in this paper demonstrate s clearly the potential of
SAR coherence imagery to detect and interpret changes in a desert environment.
For example, persistent decorrelation over short time intervals is a direct evidence
of sand mobility.
The lack of precipitation data in remote desert regions often hampers attempts
to research the contribution of catastrophic  uvial erosion to arid landscapes. A
sequence of short time-scale (monthly), frequent coherence images could provide
critical objective information on the temporal and spatial distribution of localized
sporadic  ood events. Coherence imagery also provides an eVective way to detect
human-induced disturbances over various time intervals.
A multi-temporal SAR coherence image presents an objective record of irregular
land surface changes between two SAR image acquisitions as decoherence features.
Such low coherence phenomena can easily be distinguishable only when they are in
sharp contrast to a high coherence background. The technique is most eVective for
detecting changes in a largely stable environment, such as desert, but needs more
sophisticated analysis in an unstable environment with many other decorrelation
factors. For instance, in a tropical area, either vegetation growth, variation of soil
and air moisture or frequent rainfall can result in decoherence and make interpretation for particular thematic information diYcult. On the other hand, with a very
short time interval (i.e. tandem pairs), the decoherence phenomena could be used to
study vegetation growth (Hagberg et al. 1995), soil moisture change and rainfall/
erosion events.
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6.

Conclusions
A comprehensive interpretation of multi-temporal coherence images derived
from three ERS SAR images of eastern Algeria taken on 8 September, 13 October
1992 and 28 September 1993 is presented in this paper. The main  ndings are
summarized below.
1. Decoherence of individual dune features was due to micro-scale surface transport of mobile sand but not dune movement. This process was active over all
the dune surfaces in the study area, thus allowing their eVective identi cation
over short time intervals. With 30 m resolution coherence images in just over
one year period, there was no adequate evidence of any traverse dune migration. Nevertheless, analysis of coherence imagery is an eVective and eYcient
tool in the mapping of mobile sand and dune distributions over large desert
areas.
2. Ephemeral lakes and temporary water bodies in desert areas can be eVectively
detected by coherence images and characterized as medium coherence features
over a relatively short period (35 days in this study) and decoherence features
over a long period (e.g. a year). The lake features detected in coherence images
matched accurately with those in a TM image of the same area. The spectral
and thermal properties of a major lake basin imply that the lake is saline in
nature. Coherence imagery cannot provide information on the mineral composition of the lake like TM, but it shows direct evidence of the dynamic
changes of these ephemeral lakes.
3. Ephemeral  ood courses and streams can be positively identi ed by channels
which are clearly de ned as decoherence features on the coherence image
showing change over a one-year period (350 days) but present no obvious
features on the coherence image of 35 days. The decoherence over the longer
period is mainly due to  uvial erosion and deposition of occasional  ash
 oods. A long baseline can cause decoherence along foreshortening slopes,
resulting in prominent gully patterns. SAR coherent image pairs with a short
baseline are therefore preferred for the study.
4. Human-induced disturbances such as seismic survey lines can be accurately
identi ed as decoherence features on SAR coherence imagery. Coherence
images with diVerent time intervals show diVerent seismic survey lines dug
over these periods. The phenomena are not shown in the relevant SAR multilook amplitude images. Coherence imagery can therefore be used as a reconnaissance tool for monitoring the environmental impact of human activities.
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