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Decorrelation of L-Band and C-Band Interferometry
Over Vegetated Areas in California
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Abstract—Temporal decorrelation is one of the main limitations
for recovering interseismic deformation along the San Andreas
Fault system using interferometric synthetic aperture radar. To
assess the improved correlation properties of L-band with respect
to C-band, we analyzed L-band Advanced Land Observation
Satellite (ALOS) interferograms with a range of temporal and
spatial baselines over three vegetated areas in California and
compared them with corresponding C-band European Remote
Sensing Satellite (ERS) interferograms. Over the highly vegetated
Northern California forests in the Coast Range area, ALOS re-
mains remarkably well correlated over a 2-year period, whereas
an ERS interferogram with a similar temporal and spatial baseline
lost correlation. In Central California near Parkfield, we found
a similar pattern in decorrelation behavior, which enabled the
recovery of a fault creep and a local uplifting signal at L-band
that was not apparent at C-band. In the Imperial Valley in South-
ern California, both ALOS and ERS have low correlation over
farmlands. ALOS has lower correlation over some sandy surfaces
than ERS, probably due to low signal-to-noise ratio. In general,
L-band interferograms with similar seasonal acquisitions have
higher correlation than those with dissimilar season. For both
L- and C-band, correlation over vegetated areas decreases with
time for intervals less than 1 year and then remains relatively con-
stant at longer time intervals. The decorrelation time for L-band
is more than 2 years in the forest in California whereas that for
C-band is less than 6 months. Overall, these results suggest that
L-band interferograms will reveal near-fault interseismic defor-
mation once sufficient data become available.

Index Terms—Correlation, crustal deformation, interferometry,
synthetic aperture radar (SAR).

I. INTRODUCTION

NTERFEROMETRIC synthetic aperture radar (InSAR) has

become an important tool for measuring slow surface defor-
mation associated with natural hazards such as earthquakes and
volcanoes [1]-[3]. One of the main limitations of the InSAR
technique is temporal decorrelation due to surface change,
particularly in vegetated areas, because the low correlation
prevents the recovery of the phase measurement. The Advanced
Land Observation Satellite (ALOS) launched by the Japanese
Aerospace Exploration Agency (JAXA) in January 2006 uses a
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TABLE 1
COMPARISON OF SATELLITES

ERS ALOS
Wavelength 56 mm 236 mm
Altitude 790 km 700 km
Look angle* 23 degrees 34.3 degrees
Bandwidth 15.55 MHz FBS: 28 MHz FBD: 14 MHz
Critical Baseline 1.1 km FBS: 13 km FBD: 6.5 km

*Qther look angles are available for ALOS, but 34.3 degrees is the main one.
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Fig. 1. Three research areas in California: 1) the Coast Ranges in Northern
California; 2) the creeping section of the San Andreas Fault near Parkfield in
Central California; and 3) the Imperial Valley in Southern California. The color
background indicates NDVI acquired by MODIS satellite in October 2006. The
purple background means no or little vegetation, whereas the green means high
vegetation. The solid lines show the main fault traces. The solid and dashed
boxes show the coverage of InNSAR images used in this work.

longer wavelength L-band 236 mm, compared to the C-band
radars 56 mm (European Remote Sensing Satellite (ERS),
Radarsat, and Envisat), which should enable coherent phase
recovery over much longer time intervals in vegetated areas
[4]-[6], such as the creeping section of the San Andreas Fault
(SAF). Key parameters of ALOS and ERS satellites are listed
in Table I. Although previous theoretical and limited experi-
mental studies suggest this advantage of the longer wavelength
synthetic aperture radar (SAR) over vegetated areas, here, we
perform a more extensive and quantitative analysis using ALOS
and ERS data over a variety of surfaces, temporal baselines, and
spatial baselines. Our main objective is to provide a quantitative
measure of temporal decorrelation at L- and C-band. Our results
provide insights and suggestions for future SAR missions such
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TABLE 1I
INTERFEROGRAMS USED FOR DIRECT CORRELATION COMPARISON

Interval

Interferograms istdate 2nddate (days) Baseline (m) Correlation

Coast Ranges in Northern California Mountain 1 Mountain 2 Urban

ALOS T549F2830 4357_15093 (FBS-FBS)  11/18/06 11/23/08 736 252 0.35 0.27 0.35

ERS T113F2817/2835 e1_22646_e2_13995 11/13/95 12/23/97 770 110 0.14 0.13 0.23

Creeping Section of the SAF in Central California Mountain 1 Mountain 2 Urban

ALOS T220F700 5969_16705 (FBS-FBS) 3/9/07  3/14/09 735 905 0.25 0.28 0.34

ERS T256F2889 e2_05621_e2_17144 517/96  7/31/98 804 68 0.14 0.25 0.24

Imperial Valley in Southern California Farmland 1 Farmland 2 Urban Sand1 Sand 2
ALOS T532F2960 4167_14903 (FBS-FBS) 11/5/06  11/10/08 736 17 0.16 0.13 0.53 0.30 0.17
ERS T84F2943 e2_03445_e2_12463 1217/95  9/7/97 629 55 0.15 0.14 0.28 0.34 0.46

as the U.S. satellite DESDynl, Japanese satellite ALOS2, and
German satellite TanDEM-L.

Correlation, sometimes called coherence, is a measure of
the similarity of the phase of two SAR images. Theoretically,
correlation ranges between 0 and 1, where 0 denotes no corre-
lation, and 1 corresponds to perfect correlation. In practice, a
number of pixels are weighed to estimate the correlation [7].
In our case, correlation is measured from approximately
45 independent pixels, equivalent to 3 looks in range and
15 looks in azimuth direction [2], and the detectable range of
correlation is slightly different from theory with the minimum
being 0.12 and the maximum being 0.96 in our calculation. A
correlation of 0.5 marks a signal-to-noise ratio (SNR) of 1 in
linear scale [8]. As shown in previous works [5] and in our
work, there is a critical range of correlation between 0.15 and
0.20 that determines whether an interferogram is usable. When
the correlation is larger than 0.20, phase information can be
retrieved and becomes better when correlation increases; when
correlation is between 0.15 and 0.20, it is possible but hard to
retrieve some phase information; and when the correlation is
below 0.15, no phase information can be retrieved. Generally,
high correlation (> 0.20) is expected in areas where the surface
condition does not change much with time, such as in urban ar-
eas, and low correlation is expected where vegetation is present.
Techniques such as permanent scatterers can be used to extract
phase information in areas where a few local stable reflection
points are imbedded in an area of generally low correlation [9].
Correlation is also important for topography measurements [6].
In this paper, we analyzed L-band ALOS interferograms over
three vegetated areas in California and compared them with
corresponding C-band ERS interferograms. Our results are
consistent with previous suggestions that L-band has higher
correlation over vegetated areas than C-band and correlation
depends on the type of surface.

II. THEORY

Most InSAR satellites are designed as repeat-pass, which
means a single radar acquires images of the same area at two
different times, usually with a repeat time of 10-50 days. The
detailed theory and mathematical derivation of correlation can
be found in several previous studies [1], [6]. We present the

relevant equations here. Assume that pixels of the complex
radar images for first and second acquisition are

st =c+ny

ey

S9 =C+ no

where c is correlated part of the signal, and n; and no are
the uncorrelated noise caused by baseline, temporal, thermal,
rotation, and other unknown factors.

One measure of the correlation between two images is

[{s155)

(s181) (s253)

v = ()

where s* is the complex conjugate of s, and (-) denotes ensem-
ble average. When the two radar images are exactly the same,
correlation equals one, and when they are completely different,
the correlation approaches zero. The total correlation mainly
consists of the following three parts: 1) thermal ~ihermals
2) spatial Yspatial; and 3) temporal Yiemporal decorrelation [4],
[6], [10]. We have

3)

Y = Ythermal Vspatial Ytemporal

where < is the total correlation. The thermal decorrelation is
related to the SNR of the radar signal as

1
14+ SNR !

In most cases, the SNR for ERS and ALOS is high enough
to ignore this effect [10]. Exceptions include special cases such
as L-band over a sandy surface where the SNR is significantly
lower [1]. The spatial decorrelation is caused by the nonzero
perpendicular baseline between the reference and repeat images
[6], [11]-[13]. There are two effects of spatial decorrelation,
namely: 1) volumetric decorrelation and 2) surface decorrela-
tion. For area with high penetration, such as pine forests [14]
and ice [15], volume decorrelation dominates. However in our
case, no significant volume decorrelation is observed, thus, we
only consider spatial decorrelation related to surface scatterers.
There are two ways to estimate the spatial decorrelation. One
way is by using a range spectral filter [16], and the other
way is by using the following model [6]. If the satellite has a

“)

VYthermal =

Authorized licensed use limited to: Univ of Calif San Diego. Downloaded on May 07,2010 at 18:36:58 UTC from IEEE Xplore. Restrictions apply.



This article has been accepted for inclusion in a future issue of thisjournal. Content is final as presented, with the exception of pagination.

WEI AND SANDWELL: DECORRELATION OF L-BAND AND C-BAND INTERFEROMETRY 3

Phase

LOS (radians)

3 0.5

39°00' 39°00'
2
1
0
-

38°30' 38°30'
-3

-123°30' -123°00' -122°30' -123°30' -123°00' -122°30"
ERS, 11/13/95-12/23/97,110 m Bperp
Phase Correlation

LOS (radians)

3
39°00'

2

1

0

-1
38°30'

-2

-3

O
-123°30" -123°00 -122°30'
Topography
\ X meters

500

38°30'

-123°30'

-123°00'

-122°30'

0.5
39°00'
38°30'
-123°30' -123°00" -122°30'
Vegetation Index
S N 3 )
® s
:\ S 3 R
e N 1.0
39°00" fl
05
38730
S 0.0
-123°30" -123°00' -122°30"'

Fig. 2. Comparison between ERS and ALOS interferograms in the Coast Range area in Northern California. The details of the interferograms are shown in
Table II. The solid lines are the major faults in this area. Fault names are abbreviated as follows: SAF, San Andreas Fault; MF, Maacama Fault; RCF, Rogers
Creek Fault; and BSF, Bartlett Springs Fault. The boxes are the areas from which correlation is extracted in Table II and Fig. 5. The box number in (f) indicates
the corresponding areas in Fig. 5: (1) vegetated mountain 1; (2) vegetated mountain 2; and (3) urban areas. The phase images are masked based on the correlation
(< 0.15 is masked out). White in (b) and (d) means high correlation, whereas black means low correlation. The red and green in (f) means high vegetation, whereas

purple means low vegetation.

perpendicular baseline of B, the spatial correlation between the
two radar images is
2|B|R, cos*(0 — )
Ap

Vspatial = 1 (5)
where R, is the range resolution, 6 is the incidence angle, o is
the local surface slope in range direction, A is the wavelength,
and p is the distance between the satellite sensor and the target

on the surface. This equation is used to isolate the temporal
decorrelation from the measured decorrelation in the following
analysis. When correcting spatial decorrelation using this equa-
tion, we need to make sure that no bandpass filtering is done
during the processing. The temporal decorrelation is caused
by surface changes between the two acquisitions. Generally,
temporal decorrelation increases with the amount of vegetation
cover because the scatterers on the plants change with time [4].
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Comparison between ERS and ALOS interferograms near Parkfield in Central California. The details of the interferograms are shown in Table II. The

solid line is the fault trace of the San Andreas Fault in this area. The triangle is the city of Parkfield. The boxes are the areas from which correlation is extracted
in Table II and Fig. 6. The box number in (f) indicates the corresponding areas in Fig. 6: (1) vegetated mountain 1; (2) vegetated mountain 2; and (3) urban areas.

The phase images are masked based on the correlation (< 0.15 is masked out).

With sufficiently high SNR and low volumetric decorrelation,
temporal decorrelation can be isolated after removing the spa-
tial decorrelation.

III. DATA AND METHOD

To compare the correlation of interferograms of ERS and
ALOS, we processed interferograms over the following three
vegetated areas in California (Fig. 1): 1) the Coast Ranges
in Northern California; 2) the creeping section of the SAF
near Parkfield in Central California; and 3) the Imperial Valley
in Southern California. The ERS data were provided by the

European Space Agency and obtained through the Western
North America Interferometric Synthetic Aperture Radar
Consortium archive. ALOS data were provided by JAXA and
obtained through the Alaska Satellite Facility as well as the
ALOS User Interface Gateway.

Since ALOS has limited acquisition in California and the
baseline has been drifting by more than 6 km after launch, we
found only one interferogram in each area that was suitable
for direct comparison (see Table II) (the baseline has been
controlled to within a 3-km tube since early 2008). To focus
on temporal decorrelation, we search for long time intervals
(> 10 months) and short baselines (< 200 m for ERS; < 2 km
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Fig. 4. Comparison between ERS and ALOS interferograms in Imperial Valley in Southern California. The details of the interferograms are shown in Table II.
The solid line is the fault trace of the Imperial Fault. The boxes in (e) are the areas from which correlation is extracted in Fig. 7. The phase changing area
in the middle right on both phase images is due to subsidence caused by underground water extraction. The box number in (f) indicates the corresponding
areas in Fig. 7: (1) farmland 1; (2) farmland 2; (3) urban areas; (4) sand 1; and (5) sand 2. The phase images are masked based on the correlation (< 0.15 is

masked out).

for ALOS). Since the number of ALOS acquisitions is much
smaller than the number of ERS acquisitions, we first selected
the best ALOS interferogram and then found an ERS interfero-
gram with corresponding baseline, time interval, and season(s).
Even within a single interferogram, the correlation can be
highly spatially variable, depending on the type of surface and
degree of vegetation. Therefore, we selected several corre-
sponding subareas within the overlapping ALOS and ERS
frames corresponding to no vegetation, light vegetation, and
heavy vegetation. The sizes of the patches were small enough to
cover one particular kind of surface but are large enough to pro-
vide meaningful statistics; the chosen patch size (length/width
of a rectangle) varies from 3 to 7 km, depending on the surface
condition.

The normalized difference vegetation index (NDVI) provides
an overview of the vegetation along the SAF system (Fig. 1).
The NDVI data were collected by Moderate Resolution Imag-
ing Spectroradiometer (MODIS) satellite and obtained through
National Aeronautics and Space Administration Warehouse
Inventory Search Tool website. The NDVI indicates the con-
centrations of green leaf vegetation quantitatively. Although
many possible perturbing factors exist, the NDVI can be used
to identify the surface vegetation. Comparing the NDVI with
the correlation in Figs. 2—4, we observed that when the NDVI
is less than 0.3, both ERS and ALOS interferograms have high
correlation.

All interferograms were processed following the standard
procedure of InSAR processing using SIOSAR software [17].
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TABLE III
INTERFEROGRAMS USED IN THIS WORK
Interval
Interferograms 1st date 2nd date (days) Baseline (m) Correlation
Coast Ranges in Northern California Mountain 1 Mountain 2 Urban
ALOS T549F2830 4357_15093 (FBS-FBS) 11/18/06 11/23/08 736 252 0.35 0.27 0.35
8383_9054 (FBS-FBS) 8/21/07 10/6/07 46 479 0.67 0.54 0.41
8383_9725 (FBS-FBS) 8/21/07 11/21/07 92 727 0.49 0.33 0.25
8383_10396 (FBS-FBS) 8/21/07 1/6/08 138 1132 0.16 0.18 0.13
9054_9725 (FBS-FBS) 10/6/07 11/21/07 46 248 0.64 0.44 0.42
9054_10396 (FBS-FBS) 10/6/07 1/6/08 92 654 0.17 0.18 0.27
9725_10396 (FBS-FBS) 11/21/07 1/6/08 46 405 0.22 0.28 0.40
ERS T113F2817/2835 el1_21644_e2_ 06981 9/4/95 8/20/96 351 82 0.17 0.17 0.32
el1_21644_e2 09486 9/4/95 2M11/97 525 108 0.14 0.13 0.24
el1_22646_e2 13995 11/13/95 12/23/97 770 110 0.14 0.13 0.23
e2_06981_e2_ 09486 8/20/96 2M11/97 174 190 0.15 0.14 0.23
e2_06981_e2 17001 8/20/96 7/21/98 699 180 0.14 0.14 0.25
e2_09486_e2_ 17001 211/97 7/21/98 525 10 0.14 0.16 0.14
Creeping Section of the SAF in Central California Mountain 1 Mountain 2 Urban
ALOS T220F700 7311_8653 (FBD-FBD) 6/9/07 9/9/07 92 540 0.57 0.40 0.48
7311_12008 (FBD-FBD) 6/9/07 4/26/08 322 2662 0.15 0.19 0.23
7311_16705(FBD-FBS) 6/9/07 3/14/09 643 906 0.18 0.20 0.25
7311_18047(FBD-FBD) 6/9/07 6/14/09 735 873 0.23 0.26 0.33
5969_7311 (FBS-FBD) 3/9/07 6/9/07 92 2 0.39 0.29 0.33
5969_8653 (FBS-FBD) 3/9/07 9/9/07 184 557 0.34 0.27 0.29
5969_12008 (FBS-FBD) 3/9/07 4/26/08 414 2579 0.15 0.20 0.23
5969_16705 (FBS-FBS) 3/9/07 3/14/09 735 905 0.25 0.28 0.34
5969_18047 (FBS-FBD) 3/9/07 6/14/09 827 872 0.17 0.19 0.23
8653_12008 (FBD-FBD) 9/9/07 4/26/08 230 2049 0.18 0.23 0.28
ERS T256F2889 e2_05621_e2 10130 5/17/96 3/28/97 314 11 0.16 0.29 0.26
e2_05621_e2 17144 5M17/96 7/31/98 804 68 0.14 0.25 0.24
e2_05621_e2 17645 5M17/96 9/4/98 839 11 0.15 0.18 0.25
e2_08627_e2_09629 12/13/96 2/21/97 70 123 0.17 0.26 0.26
e2_08627_e2 12635 12/13/96 9/19/97 280 44 0.16 0.24 0.24
e2.09629_e2 11132 2/21/97 6/6/97 105 7 0.19 0.38 0.30
e2_09629_e2 11633 2/21/97 711197 140 76 0.17 0.32 0.27
e2_10130_e2 12134 3/28/97 8/15/97 140 82 0.18 0.35 0.27
e2_11132_e2_ 11633 6/6/97 7M1/97 35 69 0.46 0.71 0.45
Imperial Valley in Southern California Farmland 1 Farmland 2 Urban Sand 1 Sand 2
ALOS T532F2960 4167_5509 (FBS-FBD) 11/5/06 2/5/07 92 1614 0.21 0.14 0.37 0.29 0.17
5509_9535 (FBD-FBS) 2/5/07 11/8/07 276 1048 0.16 0.12 0.19 0.27 0.09
5509_10877 (FBD-FBS) 2/5/07 2/8/08 368 1994 0.14 0.10 0.25 0.16 0.13
5509_15574 (FBD-WS1) 2/5/07 12/26/08 782 1044 0.09 0.08 0.42 0.12 0.20
5509_16245 (FBD-FBS) 2/5/07 2/10/09 735 803 0.12 0.11 0.35 0.17 0.14
9535_10877 (FBS-FBS) 11/8/07 2/8/08 92 892.9 0.29 0.17 0.33 0.29 0.16
14903_16245 (FBS-FBS)  11/10/08 2110/09 92 740 0.30 0.18 0.28 0.36 0.12
4167_9535 (FBS-FBS) 11/5/06 11/8/07 368 2703 0.10 0.09 0.52 0.12 0.18
4167_10877 (FBS-FBS) 11/5/06 2/8/08 460 3649 0.12 0.09 0.53 0.19 0.17
4167_14903 (FBS-FBS) 11/5/06 11/10/08 736 17 0.16 0.13 0.53 0.30 0.17
4167_16245 (FBS-FBS) 11/5/06 2/10/09 827 747 0.13 0.11 0.54 0.22 0.21
ERS T84F2943 e2_03445_e2_12463 12117/95 97197 629 55 0.15 0.14 0.28 0.34 0.46
e2_10960_e2_11461 5/25/97 6/29/97 35 226 0.29 0.17 0.41 0.49 0.50
e2_10960_e2_11962 5/25/97 8/3/97 70 32 0.28 0.17 0.47 0.57 0.61
e2_11461_e2 14467 6/29/97 1/25/98 210 3 0.18 0.14 0.37 0.41 0.47
e2_12463_e2 13966 917197 12/21/97 105 223 0.18 0.14 0.31 0.37 0.40

Shuttle Radar Topography Mission (SRTM) data [18] were
used to remove the topographic effect from the single-look
complex interferograms prior to ensemble averaging. All inter-
ferograms were ensemble averaged using a Gaussian filter with
a 0.5 gain at 100 m wavelength before computing the phase and
correlation, which is equivalent to 3 looks in range and 15 looks
in azimuth in more popular InSAR processors such as ROI-PAC
[2]. Based on this filter width, we find the minimum detectable
correlation is 0.12 based on ocean data where the correlation
should be zero.

IV. RESULTS

A. Comparison of Interferograms With Similar Temporal and
Spatial Baselines

The correlation results for the three areas are shown
in Figs. 2-4 along with the local NVDI and topography.
Although the value of correlation can theoretically range be-

tween O (uncorrelated) to 1 (perfectly correlated), our analysis
is focused on the range of 0.15-0.20. In all three areas, ALOS
remains correlated over longer time intervals than ERS does
over vegetated surfaces. In urban areas, ALOS tends to have
higher correlation. In farmlands, neither ALOS nor ERS has
high correlation because of the cultivation activity. However,
the details are different for each area.

1) Coast Ranges in Northern California: Major faults in
this area include the SAF, the Maacama Fault, the Rodgers
Creek Fault, and the Bartlett Spring Fault. This area is studied
less extensively than the other two areas because it is far from
major cities and is in a mainly mountainous area. Limited
previous studies used global positioning satellite (GPS) and
creepmeter measurements. Because of this sparse geodetic
coverage, the contribution to our understanding of these fault
systems from ALOS could be significant. Over 90% of the
area is covered with trees, except for the farmlands and urban
areas near the city of Santa Rosa. To compare the correlation
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Spatially corrected correlation changes with baseline and time on three types of surface in the Coast Range area in Northern California (Table III). All

ALOS data are FBS-FBS mode. The horizontal gray line marks the range 0.15-0.2 correlation. Data above the gray line are well correlated, and almost all the
phase information can be used. Data in the gray line are partially correlated, and it is possible to retrieve some phase information. Data below the gray line are
decorrelated, and no phase information can be retrieved. Each row shows data over the same area. Each column shows data with same kind but in different areas.

of ALOS and ERS, two interferograms are selected (Table II).
The ALOS interferogram has a 2-year November-to-November
time interval and a perpendicular baseline of 252 m. The
ERS interferogram has a 2-year November-to-December time
interval and a perpendicular baseline of 110 m. As Fig. 2
shows, the ALOS interferogram has high correlation (> 0.27)
over most of the land area, whereas the ERS interferogram has
generally low correlation (< 0.13), except in the urban area near
Santa Rosa. The values of correlation for the three subareas
are provided in Table II. The ALOS interferogram has better
correlation not only in the vegetated areas but also in the urban
areas.

2) Creeping Section of the SAF Near Parkfield in Central
California: This area is particularly scientifically interesting
because of its regular pattern of magnitude 5-6 earthquakes
and a transition from creeping in the northern section to locked
fault in the southern section [19], [20]. Previous studies show
that InSAR can measure the continuous slip distribution and
magnitude of fault motion along the SAF [17]. However,
because of the temporal decorrelation, the previous C-band
interferograms cannot provide a long-time (> 2 years) measure-
ment of deformation in this area [21]. The two interferograms
that we chose for direct comparison are given as follows: 1) an
ALOS interferogram with a 2-year March-to-March time in-

terval and a perpendicular baseline of 905 m and 2) an ERS
interferogram with a 2-year May-to-July time interval and a
perpendicular baseline of 68 m (Table II). As shown in Fig. 3,
ERS has generally low correlation over the vegetated moun-
tains, whereas ALOS is generally well correlated. The detailed
comparison of correlation over different surfaces is provided in
Table II. One important feature of the ALOS phase is that there
is a correlation between residual phase and topography. The
large-scale (> 5 km) residual is probably due to atmospheric
error, whereas the small-scale (< 1 km) residual is probably due
to either digital elevation model error or small misregistration
between topography and interferogram.

3) Imperial Valley in Southern California: The Imperial
Valley between the Colorado River and the Salton Sea contains
some of the most seismically active faults along the SAF system
including those with well-documented instances of surface
rupture and triggered slip [17]. Much of the Imperial Fault is
covered by farmlands, which makes it difficult to measure inter-
seismic deformation using InSAR, although clear signs of slip
such as cracks on roads are observed [22]. The interferograms
selected for direct comparison are listed as follows: 1) an
ALOS interferogram with a 2-year November-to-November
time interval and a perpendicular baseline of 17 m and 2) an
ERS interferogram with a 2-year December-to-September time
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Fig. 6. Spatially corrected correlation changes with baseline and time on three types of surface near Parkfield in Central California (Table III). ALOS data are
either FBS-FBS mode or mixed mode, e.g., FBS-FBD or FBD-FBS. The horizontal gray line marks the range 0.15-0.2 correlation.

interval and a perpendicular baseline of 55 m (Table II). As
shown in Fig. 4, both ALOS and ERS have generally low corre-
lation over the farmlands. A detailed comparison of correlation
over a variety of surfaces is provided in Table II. ALOS has
higher correlation over urban areas, whereas ERS has higher
correlation over the sandy surface to the east of the valley,
probably due to low SNR for L-band over sandy surface [1].
Although ALOS is decorrelated over the irrigated farmlands,
the correlation remains high on some roads between farmlands;
this makes it possible to recover some deformation signal
across the Imperial Fault. We also note that the correlation over
farmlands in the U.S. (northern side of the U.S.—Mexico border)
is generally higher than the correlation in Mexico (southern
side). This could be due to differences in cultivation methods
of these different countries.

B. Temporal Decorrelation

To focus on the seasonal effect of the correlation, we
processed data acquired during various seasons and analyzed
the result for both ALOS and ERS (Table III). As expected, the
interferograms with similar seasons for both acquisitions have

better correlation compared with those with dissimilar seasons.
However, we do not have enough data spanning all the seasons
to identify a preferred season.

To focus on the temporal decorrelation and its relationship to
surface type, we processed interferograms and chose four sur-
face types, including vegetated mountain, farmland, urban area,
and sandy area (Table III). For each interferogram, we extracted
the mean and standard deviation of correlation in small sub
areas (3—7 km in length/width). Since spatial decorrelation is
related to the slope of the surface, we selected these areas to be
as flat as possible, except in mountainous areas. We included the
local slope effect when we estimated the spatial decorrelation.
With sufficiently high SNR and low volumetric decorrelation,
we isolated temporal decorrelation after removing the spa-
tial decorrelation (Figs. 5-7). To check whether volumetric
decorrelation exists, we plotted the spatial corrected correlation
versus perpendicular baseline. We also plotted the temporal
correlation versus time interval. The boundary between partial
and poor correlation, i.e., 0.15-0.20, is highlighted in Figs. 5-7
as gray lines.

For the ERS cases, the spatially corrected correlation does
not change much with spatial baseline over all the surface
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Spatially corrected correlation changes with baseline and time on five types of surface in the Imperial Valley in Southern California (Table III). ALOS

data are either FBS—FBS mode or mixed mode, e.g., FBS-FBD or FBD-FBS. The horizontal gray line marks the range 0.15-0.2 correlation.

types in the three areas, which means that spatial decorrelation
correction works well and confirms our assumption of low
volume decorrelation for C-band. A high correlation anomaly
for ERS exists in the creeping section (see left panel in Fig. 6)
might simply be due to the short time interval (35 days). The
correlation over vegetation decreases with time when the time
interval is less than 6 months in both Central California and
Southern California (see Figs. 6 and 7) and becomes uniform
for intervals greater than 1 year. In Northern California (see
Fig. 5), all samples over forests are below the critical line and
the minimum time interval of the sample is 6 months. In the
urban area, the correlation stays above the critical line and
shows that the buildings are good stable scatterers.

For the ALOS cases, no volumetric decorrelation is ob-
served. Although Fig. 5 shows decreasing trends of correlation
with increasing baseline in the Northern California case, this
might be due to seasonal effect more than volumetric. All
the pairs with low correlation cover the winter season. In
Northern California and Central California, correlation over
vegetation decreases with time when time interval is less than

1 year. For time intervals greater than 1 year, the correlation
remains constant and sometimes increases with time interval. In
Northern California, one interferogram with a 2-year interval
has higher correlation than several interferograms with only a
2-3-month interval over vegetation. This illustrates the scat-
tered nature of the temporal effects perhaps due to rainfall and
soil moisture. The ability of ALOS to remain correlated above
the 0.2 threshold for multiyear intervals is critical for measur-
ing slow interseismic deformation, which ranges from several
millimeters per year to several centimeters per year. Indeed,
as more short-baseline ALOS interferograms become available
over the next few years, we expect that ALOS will become
the primary tool for resolving the near-fault interseismic strain
rate that is not resolved by the relatively sparse (~10 km) GPS
measurements.

One feature of ALOS is that it is operated at two differ-
ent range resolutions (i.e., 1/radar bandwidth). The fine-beam
single polarization (FBS-HH, 28-MHz bandwidth) has two
times better range resolution than ERS, and the fine-beam dual
polarization (FBD-HH and HV, 14 MHz) has the same range
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resolution as ERS. ALOS interferograms can be made be-
tween either same modes or mixed modes, although conversion
from FBD to FBS is required. In some cases, the correlation
of FBS-FBS interferograms was slightly higher than that of
mixed-mode interferograms, i.e., FBD-FBS. For example, in
Fig. 7, FBS-FBS interferograms with time interval longer than
6 months have significantly higher correlation than the mixed-
mode interferograms, particularly in the urban area. However,
there is not much difference for interferograms with FBD-FBD
compared to mixed-mode interferograms in Central California.
Therefore, high correlation for FBS—FBS is probably due to the
fact that FBS has higher resolution than FBD.

As Fig. 7 shows, ALOS has lower correlation than ERS
over some sandy areas. This has been observed before by
Rosen et al. [1]. This is likely due to the low SNR for L-band
over sandy areas. We checked the amplitude image of the data,
which confirmed this idea. In addition, both ALOS and ERS
lost coherence over farmlands in the Imperial Valley within
6 months, which shows that L-band has no advantage over
C-band over farmlands. However, we notice that L-band stays
well correlated on the roads between farmlands, whereas
C-band lost coherence. With a sufficient data set, it is possible
to extract deformation data across the fault using the phase
recovered on the roads in ALOS.

V. CONCLUSION

We compared one ALOS interferogram with the corre-
sponding ERS interferogram with similar temporal and spatial
baselines in each area. 1) In the highly vegetated Northern
California forests of the Coast Range area, ALOS remained
remarkably well correlated over a 2-year winter-to-winter inter-
ferogram (~ 0.27), whereas an ERS interferogram with similar
temporal and spatial baselines was below the threshold correla-
tion (< 0.13). 2) In Central California near Parkfield, we found
a similar pattern. Four ALOS interferograms with a 2-year
temporal baseline all had adequate correlation (0.16-0.25) over
vegetated mountain areas, whereas the ERS interferogram had
inadequate correlation (0.13-0.16). This improvement in corre-
lation at L-band revealed creep and a local uplifting along the
SAF that was not apparent at C-band (Fig. 3). 3) In the Imperial
Valley in Southern California, ALOS had higher correlation in
both the urban area (0.4 versus 0.3) and lightly irrigated area
(0.18 versus 0.16). However, it had lower correlation over some
sandy surfaces (0.2 versus 0.4).

Analysis of temporal decorrelation shows that correlation
decreases with time, particularly for intervals between O and
1 year and then remains relatively constant after 1 year. The
decorrelation time over forest for ALOS is more than 2 years,
whereas for ERS, it is less than 6 months. Both ALOS and
ERS decorrelated rapidly over farmlands. Seasonal effects are
important. We also found in some cases, for example, in the
desert and urban areas in the Imperial Valley (Fig. 7), that
the correlation of FBS—FBS interferograms was slightly better
than that of mixed-mode interferograms (i.e., FBD-FBS) and
FBD-FBD, probably due to higher resolution of FBS.

Overall, these results demonstrate that ALOS remains corre-
lated much longer than ERS over forest areas but not farmlands
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in California. To date, the primary limitation for using ALOS
for recovering interseismic strain along the SAF is that there
are too few acquisitions along the descending passes, which
have better geometry for measuring strike—slip motion. Nev-
ertheless, the archive of ALOS images from ascending passes
is growing rapidly, and they will be important for constraining
the vertical motions along the fault system. We look forward
to the more systematic L-band observations from ALOS-2
(2014 launch), DESDynl (2016-2020 launch), and German
satellite TanDEM-L (TBD).
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