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anthropogenic deformations, such as, fault related tectonics, oil and groundwater recharge and
discharge. In this paper, we process a dataset of 19 descending ENVISAT ASAR images acquired
between September 2003 and August 2009 over lLos Angeles and generate 71 differential
interferograms, which are characterized by perpendicular baseline smaller than 300m and time
interval less than 3 years. Based on Small Baseline Subsets (SBAS) D-InSAR technique, we
estimate the time series land deformation of this area. With the additional GPS and groundwater
data, we further estimate the aquifer storage coefficients. The results show that: (1) a couple of
deformation evident regions can be easily identified from the interferogram, including the aquifers
compaction related subsidence area such as Pasadena basin (~—2.5 cm/a), San Gabriel valley
(~—2 cm/a), San Bernardino basin (~—2.5 ecm/a), Pomona-Ontario basin (~—4 cm/a) and
Santa Ana basin (~—2.5 cm/a), and the oil extraction related area such as Santa Fe Springs
(~—1 ecm/a), Wilmington (~—1 ecm/a) and so on; (2) InSAR-derived and LOS-projected GPS
deformation velocity show a very good consistency, with a RMS difference of 0. 39 cm/a; (3)
InSAR deformation time series and groundwater level variations are in good agreement. Based on

the theory of poroelasticity, we calculate the elastic and inelastic skeletal storage coefficient and

analyze the deformation mechanisms of aquifer system. Keywords InSAR, SBAS,

Ground

Deformation, Groundwater, Aquifer Storage Coefficient, Los Angeles
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Fig.1 InSAR mean LOS deformation velocity map superposed on the SAR amplitude map
over Los Angeles metropolitan, during the period from September 27, 2003, to August 1, 2009
Profiles A-A", B-B' and C-C' over deformation area are selected for further analysis. Black triangles denote

the location of GPS stations, black rectangles are the location of groundwater wells.

_—_—f\‘_\f—'—_‘—-‘————-——-
A‘_\ F‘"‘W——-—
" S
0 :7//‘5\{: 5 W s
E . -10
s~ 10
= .15
i 1 A, -15 W
-20 —— 2004-08-07
-15 20 ——2005-10-01
25 ——2006-11-25
50 - 2007-10-06
(a) 0l ® 251 (o) —— 2009-08-01
350 400 450 500 550 800 850 900 950 1000 1250 1300 1350 1400 1450
1§ 07 1 /pixel 1§ 25437 ¥ /pixel {5 %07 ¥ /pixel

Bl 2 i A-ABBURN C-C i i T i 3R 8 7% B
(a)Santa Fe Springs %5 A-A' 6 43 B 7E 2004 4E 8 H 7 H »2005 4E 10 H 1 H .2006 4E 11 H 25 H.2007 4510 A 6 H R 2009 4E8 H 1 H
B M ZBUE A M F 200349 H 27 ) 5 (b) [l (a) » {H 2 5 7R 19 42 Pomona-Ontario 2 5 B-B' | i 5 (o) [ (a) , {H & 7% (1) & San
Bernardino 7 # C-C'#) ifii
Fig. 2 Time series deformation map of profile A-A’, B-B' and C-C’
(a) Cumulative deformation of profile A-A’ across Santa Fe Springs on 7 August 2004, 1 October 2005, 25 November 2006, 6 October
2007, 1 August 2009 with respect to 27 September 2003; (b) Same as (a), but for profile B-B" across Pomona-Ontario; (¢) Same as (a) ,
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but for profile C-C" across San Bernardino
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Table 2 Comparison between D-InSAR and corresponding

LOS-projected GPS mean deformation velocities (Unit: cm/a)
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Fig. 3

Comparison between SBAS D-InSAR (red triangles) and corresponding

LOS-projected GPS (black stars) deformation time series.
(a) ~(3) indicate GPS stations of HBCO, PKRD, SACY. VTIS, BGIS, BKMS, CCCO,
CIT1, MHMS and EWPP. respectively
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Fig. 4 Comparison between SBAS D-InSAR (red triangles) deformation time series and
corresponding groundwater level (black stars). (a) Site65; (b) Site55; (c) Site66
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Table 3 Elastic and inelastic skeletal storage coefficients determined by D-InSAR
deformation time series and groundwater level variations
e ] ) Site65(m) InSAR(em) Sy Site55(m)  InSARCem) S Site66(m) InSAR(em)  S;
2005-10-01~2006-11-25 —1.18 —0.5 0.0042 —0. 588 —0.9 0.0153 —0.158 —1 0.0633
2006-11-25~2007-10-06 —7.24 —5.1 0.007 —1.062 —3.4 0.032 —1.6 —3.6 0.0225
2007-10-06~2009-08-01 —6.07 —5.4 0. 0089 —0. 666 —5.9 0. 0886 0. 296 —5.2 —
2005-10-01~2009-08-01 —14. 49 —11 0.0076 —2.316 —10.2 0. 044 —1.462 —9.8 0.067

TR =R T H T AOK AL BT InSAR 85 R AF 7622 53 R ETHEE S, B Sy » Bell 550200 [l B 5y 45 21 o A7 A X P L 2.



460 i BR ) PR 2% R (Chinese J. Geophys. ) 55 #

5 KIZ KO AR AR G R BT AR T+ F
ORI

Galloway ZE $5 i, S, BI{EZ R 0. 0005 &
B ) O B SR K R BT Sy M 22 0. 005
AR AT il S0 2 b 2R T7C % 300 1) ) I A R TR R B
Hoffmann 28 38 H o LA A 19 K £ AR U8 £ 1
SKZEH, Sy MMEE H 2 Se. BB BIVECE £5. 45
BT T4 R 5 3% 3 M fH . AT 3, Site55,
Site65 F Site66 4k % 7K )2 2003 4F 9 A 27 H &
2009 4E 8 H 1 HWME K Sy {HAE 0. 004~0.09 Z
] 24 Sy SR M R IEOK R B Sy 19 8~ 180 .
InSAR T BB 745 Al b 7K 7K 07 A8 1k 19 56 R 5 5a i
b DX LAt AF 5 5 SR SR A — B 4, King 460
FIH San Gabriel ik (1) GPS %4 #1 Site65 T
KA AE A DG FR SR AF 2005 4F 1 & 2005 4F 5
1998 4F 6 H & 2005 4 1 H 9 S, (4> 51Kk 0.
0029 A1 0. 0016, I ALK FKZATREC & k4 T HE
B P A8 s Hoffmann 2:0%° ) H| D-InSAR # &K . 7K
YA DU 5 ARk 0 7K JAE S TR ASE 4L F i K 57 Ak SR B4
Antelope BEA 5K 2 25 0] 70 HEE (1 9o L X1 e
B AR F B B O IR B R IR R B
Yy1E 0~0. 09 Z [a]. 3£ F PSInSAR i A , Bell 252
FIFH 1992 ~2005 4 f#) ERS Hil ENVISAT ¥4 , 14
B Las Vegas [X 38 19 35 #0407 7K £ 07E 0. 009 ~0.
025 Z[H], B I 7K R ELAE 0. 002~0. 0037 Z [H]. Z5 45
3 MOH MU R RATINH San Gabriel il
N San Bernardino X )& /K B2 REC & &4 T Ik
BAPEILAS , AT 51 InSAR (1 W5 I 25 5 5 4 F 7k /K
A=Y NG

4 g SRR

ASCRI A 71 iR 2 E L2 /N F 300m . B[] [
INT SAE S T W TR R R R T
AW XA, 2003 4E 9 H 27 H&E 200948 H 1 H
1) b 22 B 7 T8 A8 ] A7 2500 fif B T b 3% i B () AR
MIEARFEAE. NI TR A DL 3% DX S i b 3R 3R B
LRGN ka3 i A7 AE 22 40 TR B 5 9 b J7
Santa Ana,Pomona Z¢), H 1, % /K2 Pomona 7 Hi
FITTRE e R, 29 —4cem/a; i H Santa Fe Springs
F Wilmington BT & /N, 2408 — lem/a. R4
InSAR JE B 45 R by 2 B R AF R R 1 H g &
75 RE LA T 1) 72 ] 5 585 30 [ 0 45 vy 1A T 0 00 38 3y
F AR L 1 TR A5 R T AR RRAE . 5RO AE

LOS J5 [l (%) GPS JE 72 ¥ 42 45 2R H A B m 1) — 3
PEL T2 R ~0. 39 em/a. T8 & K2 E 48 Ak 5
A 2 T A8 1 X 3, InSAR JE A8 [/ A) L B oR & K2
ORI RN GE DS E PN RS N N &) R BB €
T35 Bl T 7K SCTAE 7K SCEUHE B R AR R 57K
JZHWFFE. InSAR B} J7 B 48 45 1 5 iR /K oK A7 22 £k
TE R S FNE B 1 B 55 w19 AH SCHE , JF LR B % K
J2 27 M 1) SR T A P B A e A I RS B T
KA XAKR AT LAHS B 8 & K2 R B E K
SCHFAE S b B BRI K 2R BOR A 50 - 2R K
RB ARG LS R R W ,2003 42 9 H & 2009 4
8 HHIE], & /K2 San Gabriel 33 fil San Bernardino
HIIX Y S. HZTE 0. 004~0. 09 Z Ja]. % L6 HF 55 T
1 B HE Bl bR K S B AR SE A5 R T DX Jal
TR B 5 B AL TR K A7 A2 AR 25 S SBAS JE AR 25 3L
i i 23 0] 43 BE R 14 5 7K JZ 7K 3 B50R0 R 4 B[]
B, FE T i 23 0] 43 PR 0 B K 2 W B S B0 N T
Ty A9 1T 7K AL 20 R T ITC R R S R AL A R
BURBESL Y ENVISAT ASAR %4 w] DL B 4% i
RN b DX 18 B P KT AR R T i — 2P A A
SCHIT TS S K 2 K ZR B D B S Bl e AR 1Y
K 2 4 S R] H R

Bt R RO 2 )R 4R Y Envisat ASAR $dE
(AO-4458, 4914) , g M £ & GPS M (SCIGN) #
fiEf) GPS $dis LA Je JPL 424t ) SRTM % 4.

2 2 3 ik (References)

[1] Watson K M, Bock Y, Sandwell D T. Satellite
interferometric observations of displacements associated with
seasonal groundwater in the Los Angeles basin. Jowrnal of
Geophysical Research, 2002, 107(B4): 2074, doi: 10.1029/
2001JB000470.

[ 2] DeMets C, Gordon R G, Argus D F, et al. Current plate
motions. Geophysical Journal International , 1990, 101(2) .
425-478.

[3] Hauksson E. Jones . M, Hutton K. The 1994 Northridge
earthquake sequence in California: seismological and tectonic
aspects. Journal of Geophysical Research, 1995, 100 (B7)
12335-12355.

[4] Rosen P A, Hensley S, Joughin I R, et al. Synthetic
aperture radar interferometry. Proceedings of the IEEE,
2000, 88(3): 333-382.

[ 5] Ferretti A, Prati C, Rocca F. Nonlinear subsidence rate
estimation using permanent scatterers in differential SAR
interferometry. IEEE Transactions on Geosciences and
Remote Sensing , 2000, 38(5): 2202-2212.

[ 6] Berardino P, Fornaro G, Lanari R, et al. A new algorithm



2 4

VRSO A T InSAR S 32 3R A THI%AZ 0L X 2 0 3] A48 0 3 K 2 S 8 461

7]

L9]

[10]

[11]

[12]

[13]

[14]

for surface deformation monitoring based on small baseline
differential SAR interferograms.
Geosciences and Remote Sensing » 2002, 40(11) . 2375-2383.
Lundgren P, Manzo M,

IEEE Transactions on

Lanari R, et al. Satellite radar
interferometry time series analysis of surface deformation for
Los Angeles, California. Geophysical Research Letters .
2004, 31, 123613, 1-5.

Casu F, Manzo M, Lanari R. A quantitative assessment of
the SBAS algorithm performance for surface deformation
retrieval from DInSAR data. Remote Sensing of Environment .
2006, 102(3-4) . 195-210.

Bawden G W, Thatcher W, Stein R S, et al. Tectonic
contraction across LLos Angeles after removal of groundwater
pumping effects. Nature, 2001, 412(6849); 812-815.

King N E, Argus D, Langbein J, et al. Space geodetic
observation of expansion of the San Gabriel Valley, California,
aquifer system, during heavy rainfall in winter 2004-2005.
Journal o f Geophysical Research , 2007, 112; B03409, doi:
10.1029/2006JB004448.

Lu Z, Danskin W R. InSAR analysis of natural recharge to
define structure of a ground-water basin, San Bernardino,
California. Geophysical Research Letters, 2001, 28 (13):
2661-2664.

T, RET. XA, 5N b Xt T 0 R B A AL AR
ST WM R BN, A RBF IR, 2002, 12(6): 621-
625.

Wang C, Zhang H, Liu Z, et al. Monitoring Suzhou ground
deformation with D-InSAR. Progress in Natural Science (in
Chinese), 2002, 12(6): 621-625.

s, BB, T, FIH GPS 5 InSAR WF5E PG % 4
Mo T TR 5 b BRI 2 AL R AR, b BR A B4, 2009, 52
(5): 1214-1222.

Zhang Q, Zhao C Y, Ding X L, et al. Research on recent
characteristics of spatio-temporal evolution and mechanism of
Xian land subsidence and ground fissure by using GPS and
InSAR techniques. Chinese J. Geophys. (in Chinese), 2009,
52(5): 1214-1222.

XUEHE, BROR. TR BT 3k T 3k A RO 7R 9 25 48 0
W RIEAL R SRR, WM, 2007, 36(1): 13-18
Liu G X, Chen Q, Ding X L. Detecting ground deformation
with permanent-scatterer network in radar interferometry:
algorithm and testing results. Acta Geodaetica et Cartographica
Sinica , 2007, 36(1). 13-18.

T, BT, AR A ) S A T E AR 2RO
RS, HERY B2 4, 2007, 50(2): 598-604.

Wang Y, Liao M S, Li D R, et al. Subsidence velocity
retrieval from long-term coherent targets in radar interferometric
Chinese J. (in Chinese), 2007, 50(2):

stacks. Geophys.

[16]

(171

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

598-604.

AR BB R K A B S DB R WA TR 3t R A
£, 2007, 22(4): 1030-1034.

Ye S H, Huang C. Space technique monitoring and prediction
of ground water changes. Geophysics (in

Chinese) , 2007, 22(4); 1030-1034.

Progress in

Farr T G, Kobrick, M. Shuttle radar topography mission
produces a wealth of data. EOS Transactions, 2000, 81
(48): 583-585.

VESC, AR, TR A AT MERIS /K 95 %038 BCIE
ASAR T3 B h () RS2 0. SR B4 4. 2010, 53(5):
1073-1084.

Xu W B. Li Z W, Ding X L.
effects in ASAR interferogram with MERIS integrated water

(in Chinese), 2010, 53

et al. Correcting atmospheric
vapor data. Chinese J. Geophys.
(5): 1073-1084.

Hoffmann J, Zebker H A, Galloway D L. et al. Seasonal
subsidence and rebound in Las Vegas Valley, Nevada,
observed by synthetic aperture radar interferometry. Water
Resources Research, 2001, 37(6): 1551-1566.

Galloway D L, Hudnut K W, Ingebritsen S E, et al.
Detection of aquifer system compaction and land subsidence
using interferometric synthetic aperture radar, Antelope
Valley, Mojave Desert, California. Water Resources Research ,
1998, 34(10): 2573-2585.

Li Z W, Ding X L, Huang C, et al. Improved filtering
parameter determination for the Goldstein radar interferogram
filter. ISPRS Jowrnal of Photogrammetry & Remote Sensing ,
2008, 63(6): 621-634.

Hanssen R H. Radar Interferometry-Data Interpretation and
Error Analysis. Netherlands: Kluwer Academic Publishers,
2001.

Argus D F, Heflin M B, Peltzer G, et al. Interseismic strain
accumulation and anthropogenic motion in metropolitan Los
Angeles. 2005, 110:

B04401.

Journal of Geophysical Research .

Hoffmann J. The application of satellite radar interferometry
to the study of land subsidence over developed aquifer
systems [ Ph. D. thesis]. The Stanford University, 2003.
Hoffmann J, Galloway D L, Zebker H A. Inverse modeling
of interbed storage parameters using land subsidence
observations, Antelope Valley, California. Water Resources
Research, 2003, 39(2), doi: 10.1029/2001WR001252

Bell ] W, Amelung F, Ferretti A, et al. Permanent scatterer

InSAR reveals seasonal and long-term aquifer-system

response to groundwater pumping and artificial recharge.
Water Resources Research, 2008, 44 (W020407), doi: 10.
1029/2007WR006152.

ORI TR



