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Supplementary Text (movie script) S1

The San Andreas Fault system is a transform fault that connects, the seafloor spreading in the Gulf of California in the south, to the Mendocino triple junction in the north. The fault passes through highly populated areas of California and has generated numerous destructive earthquakes in history. Between major earthquakes, the relative motion between the Pacific plate and the North American plate, causes elastic loading of the crust, that can be observed as deformation of the surface. This deformation is being measured with a variety of tools, including about seven hundred continuously-operated GNSS sites, as well as repeat-pass radar interferometry. The combination of these two methods provides both high accuracy over large distances and high spatial resolution.


Introduction

Here we take you on a tour of interesting signals that appear in the InSAR deformation maps. 

These are overlays to Google Earth showing the line-of-sight velocity, derived from Sentinel-1 satellites between 2015 and June 2019. We are currently working to extend the time series by bridging the large and abrupt deformation from the 2019 Ridgecrest earthquakes [Xu et al., 2020a, b].

These swaths were acquired on descending orbits (northeast to southwest) where the satellite is looking toward the west-northwest and down.  The red color indicates ground motion toward the satellite and the blue color indicates ground motion away from the satellite. A second colorbar is added to the semi-vertical maps to illustrate rapid signals, mainly associated with subsidence in the Central Valley.  

The tour begins with strike-slip faults and stepovers, then continues with vertical signals associated with extraction and recharge of groundwater, petroleum, and geothermal fluids. Finally, we visit some curious dry lake beds that appear to be uplifting and never subsiding.


One - active faults and stepovers 

The most prominent deformation feature is the large-scale, right-lateral, strike-slip motion between the North American plate and the Pacific plate, which is about 45 millimeter per year [Demets et al., 1990, 1994]. The transition is broad where faults are deeply locked and very sharp where faults are creeping, with maximum creep rates up to 30 millimeter per year at the Creeping section of the San Andreas Fault.

To the north, the Hayward fault also experiences surface creep, between 3.7 to 6.5 millimeter per year, consistent with the findings from Lienkaemper et al. [1991]. Moving toward the south, at the Parkfield stepover, there is a zone of subsidence probably related to groundwater extraction rather than tectonic subsidence. Turning on the transparency, one can see farms in the sedimented basin of the stepover region. Further south at the Mojave section of the San Andreas fault, there is a broad transition related to interseismic deformation along a more deeply locked fault [Smith-Konter et al., 2011].

Moving into Southern California, there is a stepover along the San Jacinto fault that has a history of subsidence due to groundwater extraction [Wisely and Schmidt, 2010]; currently it is subsiding at a rate of more than 10 millimeter per year. A similar stepover of the Elsinore fault, has uplift due to ground water recharge associated with the Temecula Valley Basin Salt and Nutrient Management Plan. 

At the Coachella section of the San Andreas fault, surface creep has been well documented for the past 300 years. The average rate is 2 millimeter per year, though on decadal time-scales this rate is observed to vary considerably [Xu et al., 2018]. The most recent significant creep event along this section was triggered by the 2017 Chiapas earthquake in Mexico [Tymofyeyeva et al., 2019]. Just to the south of the Salton Sea, the Superstition Hills fault is known for its spontaneous creep events [Bilham 1989; Wei et al., 2009]. The observed average creep rate is 7 to 8 millimeter per year; this is mainly due to one event in 2017 with over 30 millimeter of creep. 


Two – extraction and recharge of groundwater

Some of the most prominent signals in the velocity maps are associated with groundwater extraction and injection. These become more apparent in the LOS velocity by removing the horizontal tectonic motions to create a semi-vertical velocity map.  The removal is not perfect, due to a lack of resolution in the GNSS horizontal velocity model, so for example, there is an artifact along the Creeping section of the San Andreas Fault. 

The signals in most other areas – blue is down and red is up – are related to hydrological deformation. Just north of the creeping section is the Santa Clara valley [Chaussard et al., 2014], where the local water district conducts a recharge program. The ground shows uplift over the period of the satellite observations. Note the Quaternary Silver Creek fault acts as a natural barrier and splits the uplift signal. 

Moving to the southeast, into the Central Valley, the San Joaquin Basin is subsiding rapidly [Ojah et al., 2018]. Using the transparency, it is evident that this subsidence is related to rapid water extraction especially during the California drought. Moving further south, near Tulare, the ground subsidence is more rapid, with the largest rate over 400 millimeter per year.  Just next to the northwest, there is a region of overall uplift aligned with the San Luis Canal.  The inset time series plot shows rapid subsidence between 2015 and 2017 followed by a period of rapid uplift.  

Outside of the Central Valley there are smaller areas of prominent subsidence and uplift. For example, the Cuyama basin shows some subsidence perhaps associated with water extraction.  A similar subsidence signal is seen in the Lancaster basin. Further to the south, the Los Angeles basin has a long history of seasonal subsidence and uplift due to underground water storage, especially over the Santa Ana basin [Lanari et al., 2004].  The time-series clearly shows the annual cycle as well as the current overall upward trend.  
	
Moving east, to the north of Palm Springs, there is significant uplift due to groundwater recharge with most of its signal coming from year 2017, when the uplift was over 60 millimeter.  In contrast, the golf courses in the Indio region are subsiding, but at a much lower rate than before 2010 [Sneed & Brandt, 2020].  Finally, we note a zone of subsidence in the Chula Vista basin just south of San Diego that is perhaps due to depletion of groundwater.  


Three – extraction and recharge of oil fields

Oil fields are also prominent sites of vertical deformation associated with petroleum extraction and water recharge. In California, there are more than 60 thousand active wells that produce over 150 million barrels of oil each year. We observe a number of subsiding oil fields around Bakersfield such as prominent deformation at the Elk Hills Petroleum Reserve. The production area is evident by turning on the transparency and zooming in to reveal thousands of pumpjacks. A plot of the semi-vertical time-series shows steady subsidence of more than 120 millimeter during this 4 and half years’ period.  Moving to the northwest, there is similar subsidence at the Lost Hills and Belridge oilfields. Over the observation period, they are subsiding at a rate around 50 millimeter per year, which is almost 10 times smaller than the rate observed by Fielding et al. [1998] 20 years ago. Moving to the east, the oilfield near Kern county has a similar subsidence rate, but primarily on the west side of the Kern front fault. It’s interesting to consider the loading or unloading effect from the oil production on this normal fault.


Four – extraction and recharge of geothermal fluids

California is also rich in geothermal resources. Production of geothermal energy usually involves extracting and re-injecting fluids, which causes both subsidence and uplift in the vicinity of the reservoir.  We begin the tour in northern California at the Geysers geothermal field.  Geysers has over 350 wells and a capacity of 1200 megawatts making it the most productive in the world.  Despite this large production, the surface is not subsiding at a high rate, mainly because of the Santa Rosa Geysers Recharge Project. This recharge not only reduces the hazard due to rapid subsidence gradients, but it also increases the amount of power that can be generated. 

Moving south, the Coso geothermal field on the edge of the deformation map shows a subsidence rate of ~20 millimeter per year [Fialko, 2000]. We are expanding the analysis area to better resolve this geothermal field as well as the large deformation associated with the 2019 Ridgecrest earthquakes.

Moving into Southern California, there is significant subsidence at the southern end of the Salton Sea, due to a combination of geothermal production and groundwater extraction.  Much of this area is decorrelated due to extensive farming activities. One would need to perform persistent scatter analysis, as in Jiang and Lohman [2021], to retrieve reliable signals along the more stable roads among the crops. Moving further south, there are two more geothermal fields rear the US-Mexico border, Heber and Ormesa that show areas of subsidence and uplift.  South of the US Mexico border is the Cerro Prieto geothermal field which is the world’s second largest in terms of energy generation. This field is at the step over between the Imperial fault and Cerro Prieto fault, and the subsidence is highest on the eastern side but terminates at the southern end of the Imperial fault. The peak subsidence rate in the region is more than 160 millimeter per year. Considering the already low elevation, the area will be below sea level in roughly 65 years if the current subsidence rate continues [Xu et al., 2017].

Five – dry lake beds

One of the more perplexing signals seen in the semi-vertical velocity maps are dry lake beds that appear to be uplifting during this period [Ruch et al., 2012]. The largest is the Laguna Salada in Mexico. In central California, Soda Lake is uplifting and in southeastern California there are at least 5 lakebeds that are uplifting including one at Zxyzx, and four near Amboy. An examination of the LOS time series at these lakebeds show they are always uplifting at rates ranging from 15 to 20 millimeter per year.  This is a puzzling observation and we are concerned that the continuous uplift is an artifact of the InSAR processing in these areas of localized lower coherence.
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Table S1. Creep estimate along the segments of San Andreas fault system 
	Longitude
	Latitude
	Fault Creep (mm/yr)
	Vertical Differential 
	Creep Uncertainty (mm/yr)
	Vertical Uncertainty 

	Bartlett Springs

	-122.532
	39.038
	1.3838
	-2.3377
	0.4970
	0.2417

	-122.623
	39.107
	1.5841
	-2.6846
	0.4599
	0.2236

	-122.692
	39.170
	-2.5788
	-2.3878
	0.5594
	0.2631

	-122.768
	39.234
	-4.2211
	-1.6311
	0.5908
	0.2738

	-122.833
	39.304
	-1.6044
	0.1813
	0.5265
	0.2284

	-122.899
	39.378
	-4.9095
	-1.7379
	0.5730
	0.2449

	-122.959
	39.454
	2.5452
	1.0607
	1.1940
	0.4998

	-123.020
	39.533
	4.5479
	-1.1439
	1.3917
	0.5737

	Calaveras

	-121.022
	36.490
	-1.6076
	5.7261
	0.7505
	0.3540

	-121.100
	36.552
	-8.4862
	3.4046
	0.6276
	0.2884

	-121.189
	36.628
	-2.3786
	1.3074
	0.8293
	0.3846

	-121.266
	36.697
	-3.6884
	4.6467
	0.9128
	0.3850

	-121.339
	36.766
	-4.3251
	1.7966
	0.5068
	0.1948

	-121.396
	36.842
	-2.3896
	0.4772
	0.4746
	0.1521

	-121.436
	36.924
	-0.7772
	5.8834
	1.9916
	0.6108

	-121.483
	37.005
	-2.1949
	-0.6164
	0.9602
	0.3032

	-121.538
	37.084
	-1.7357
	-2.3477
	0.6797
	0.2264

	-121.598
	37.161
	-3.7819
	-1.5618
	0.8281
	0.2831

	-121.656
	37.238
	-9.4786
	-1.0630
	0.6662
	0.2638

	-121.712
	37.315
	-8.1981
	-2.7323
	0.8203
	0.3145

	-121.768
	37.392
	-2.3112
	0.3447
	0.6625
	0.2719

	-121.819
	37.473
	-5.7199
	4.6407
	1.2387
	0.3938

	-121.859
	37.557
	-7.4259
	-0.7715
	1.4997
	0.5672

	-121.902
	37.640
	-2.7930
	2.0388
	2.0223
	0.7158

	-121.945
	37.721
	-0.0396
	0.6431
	0.6789
	0.2525

	Concord

	-122.005
	37.920
	-0.8179
	0.9626
	0.9632
	0.3485

	-122.036
	37.972
	-3.0782
	0.2088
	0.4118
	0.1632

	Garlock

	-118.867
	34.826
	0.3374
	0.7642
	0.1826
	0.0967

	-118.771
	34.881
	0.2378
	0.4635
	0.1738
	0.0949

	-118.676
	34.924
	0.9484
	0.0901
	0.2433
	0.1351

	-118.578
	34.965
	0.9784
	-0.4642
	0.2677
	0.1511

	-118.479
	34.995
	0.2148
	-0.5364
	0.1885
	0.1105

	-118.386
	35.044
	0.4339
	-0.4737
	0.1664
	0.0903

	-118.296
	35.098
	0.5161
	0.1414
	0.3124
	0.1537

	-118.203
	35.145
	-0.0209
	-0.1463
	0.1545
	0.0785

	-118.112
	35.190
	0.1244
	0.0206
	0.1261
	0.0672

	-118.025
	35.246
	-0.1107
	0.0314
	0.2858
	0.1447

	-117.944
	35.309
	0.9282
	-0.6117
	1.8892
	0.9256

	-117.860
	35.368
	1.1878
	0.6390
	1.4070
	0.7434

	-117.766
	35.412
	0.1602
	-0.3003
	0.1322
	0.0771

	-117.665
	35.449
	0.0212
	-0.0668
	0.0728
	0.0428

	-117.561
	35.477
	1.3092
	0.9200
	5.0448
	2.9172

	-117.456
	35.504
	-0.1964
	NaN
	0.0549
	NaN

	-117.349
	35.526
	-0.0476
	NaN
	0.0798
	NaN

	-117.242
	35.551
	-0.1037
	-0.3857
	0.0909
	0.0563

	-117.136
	35.575
	-0.0398
	-0.4553
	0.1944
	0.1105

	-117.029
	35.595
	0.0561
	-0.0187
	0.0889
	0.0538

	-116.920
	35.604
	0.5412
	-0.3041
	0.0908
	0.0555

	-116.810
	35.596
	0.5341
	0.2509
	0.2392
	0.1470

	-116.700
	35.593
	-0.0782
	0.4350
	0.2724
	0.1792

	-116.590
	35.591
	0.2137
	-0.1582
	0.2769
	0.1760

	Hayward

	-121.949
	37.526
	-6.5114
	-0.0483
	0.3174
	0.1440

	-122.012
	37.601
	-3.7808
	2.1329
	0.4705
	0.2095

	-122.083
	37.673
	-5.1159
	-0.6227
	0.2200
	0.1039

	-122.143
	37.746
	-2.8366
	-1.1054
	0.5039
	0.2363

	-122.210
	37.821
	-2.1939
	0.5421
	0.5019
	0.2370

	-122.270
	37.896
	-1.2211
	2.7396
	1.1837
	0.5738

	-122.337
	37.967
	-4.3791
	-0.3227
	0.3974
	0.1997

	Maacama

	-122.922
	38.786
	-3.6584
	-0.2963
	0.8482
	0.3982

	-122.993
	38.859
	0.6827
	-0.8016
	0.7253
	0.2755

	-123.048
	38.937
	-0.8452
	-0.4631
	0.7293
	0.2814

	-123.095
	39.018
	4.2350
	-0.5914
	1.0767
	0.3495

	-123.143
	39.100
	-0.9917
	-0.6587
	0.6521
	0.2122

	-123.191
	39.181
	-3.1350
	1.6794
	0.7737
	0.2859

	-123.248
	39.260
	0.0561
	-0.1288
	0.6623
	0.2710

	-123.305
	39.339
	-3.9904
	1.9265
	1.1391
	0.4507

	-123.353
	39.420
	-3.0471
	-2.9909
	1.3239
	0.5197

	-123.401
	39.502
	2.6464
	3.5907
	2.0999
	0.7784

	-123.451
	39.584
	6.6378
	-1.5972
	1.3500
	0.4658

	-123.502
	39.665
	-3.0842
	-0.3919
	0.8857
	0.3560

	-123.557
	39.744
	-4.8982
	1.0553
	1.8781
	0.7079

	Rogers Creek

	-122.449
	38.170
	-0.3009
	1.5922
	1.0958
	0.4792

	-122.520
	38.242
	1.0255
	-0.1660
	0.8230
	0.3680

	-122.594
	38.313
	-0.1724
	0.3024
	0.5480
	0.2241

	-122.654
	38.387
	-0.9134
	-0.3489
	0.8828
	0.3300

	-122.712
	38.465
	-1.5032
	0.0356
	0.2542
	0.0938

	San Andreas

	-115.724
	33.349
	1.1266
	2.3056
	1.0036
	0.5082

	-115.799
	33.416
	-1.1569
	-0.4717
	0.1293
	0.0631

	-115.877
	33.475
	-3.2455
	1.1052
	0.3540
	0.1664

	-115.951
	33.542
	-2.6933
	-0.7929
	0.2727
	0.1413

	-116.026
	33.608
	-1.8423
	-0.4278
	0.1343
	0.0697

	-116.102
	33.669
	-0.3283
	0.2221
	0.2010
	0.0990

	-116.178
	33.734
	-2.3446
	-0.6355
	0.2104
	0.1088

	-116.255
	33.796
	-0.3466
	0.1186
	0.0736
	0.0391

	-116.336
	33.856
	-0.6297
	-0.6697
	0.0863
	0.0503

	-116.422
	33.907
	-0.0873
	0.0968
	0.1606
	0.0830

	-116.508
	33.962
	-0.0317
	-0.2386
	0.0884
	0.0467

	-116.600
	34.013
	0.5683
	0.3774
	0.1143
	0.0688

	-116.701
	34.042
	0.4397
	-0.0993
	0.1149
	0.0716

	-116.806
	34.063
	0.9180
	-0.5940
	0.3468
	0.2505

	-116.912
	34.078
	-0.8498
	0.6058
	0.2486
	0.1757

	-117.017
	34.101
	-0.2931
	-0.6991
	0.2749
	0.1735

	-117.121
	34.124
	-0.5584
	-0.2873
	0.2654
	0.1565

	-117.223
	34.151
	0.6729
	-0.4638
	0.1804
	0.1031

	-117.319
	34.194
	0.1639
	0.4829
	0.1999
	0.1071

	-117.411
	34.245
	-1.0322
	-0.8472
	0.2797
	0.1436

	-117.503
	34.292
	0.9170
	-0.4092
	0.2890
	0.1576

	-117.597
	34.339
	1.2620
	-0.2983
	0.3251
	0.1735

	-117.694
	34.378
	0.8854
	-0.6083
	0.3757
	0.2047

	-117.791
	34.418
	0.6557
	-0.1370
	0.1617
	0.0919

	-117.888
	34.457
	-0.8078
	0.4104
	0.1215
	0.0727

	-117.985
	34.498
	-0.4955
	-0.1713
	0.0987
	0.0560

	-118.082
	34.539
	-0.4178
	0.4716
	0.1120
	0.0658

	-118.181
	34.578
	-1.7970
	0.2342
	0.1247
	0.0765

	-118.280
	34.616
	-0.9462
	-1.0891
	0.1783
	0.1094

	-118.379
	34.652
	0.2016
	0.5385
	0.1473
	0.0891

	-118.480
	34.688
	-0.4632
	0.0067
	0.1465
	0.0862

	-118.582
	34.719
	-0.3498
	0.4493
	0.1690
	0.0978

	-118.685
	34.749
	-0.3087
	0.5874
	0.1706
	0.1014

	-118.789
	34.777
	-0.0830
	0.3484
	0.1754
	0.1096

	-118.893
	34.808
	0.5970
	-0.1015
	0.1487
	0.0948

	-118.998
	34.824
	0.5067
	-0.5407
	0.2119
	0.1296

	-119.105
	34.846
	-0.3365
	-1.4815
	0.2523
	0.1535

	-119.211
	34.860
	-0.0422
	-0.6009
	0.2510
	0.1517

	-119.312
	34.895
	-1.6707
	-0.6166
	0.2706
	0.1557

	-119.405
	34.941
	-0.2360
	-0.6319
	0.1915
	0.1024

	-119.492
	34.998
	-1.3091
	-0.5578
	0.1973
	0.1060

	-119.575
	35.057
	-0.7064
	-0.8534
	0.1377
	0.0730

	-119.655
	35.120
	0.4273
	0.3824
	0.1921
	0.0942

	-119.732
	35.183
	-0.1081
	-0.1586
	0.1171
	0.0589

	-119.805
	35.250
	0.4172
	-0.0413
	0.1131
	0.0515

	-119.877
	35.319
	0.3553
	-0.8311
	0.2032
	0.0951

	-119.946
	35.387
	-1.0361
	-0.2937
	0.2384
	0.1046

	-120.013
	35.461
	-1.0829
	-0.7364
	0.3452
	0.1576

	-120.081
	35.531
	-2.0966
	-2.5869
	0.8241
	0.3505

	-120.152
	35.600
	-0.8363
	0.8855
	0.3367
	0.1453

	-120.224
	35.667
	-2.6503
	0.0321
	0.3028
	0.1431

	-120.294
	35.738
	-6.4020
	0.1792
	0.7834
	0.2909

	-120.355
	35.823
	-3.6329
	16.2982
	1.0911
	0.4739

	-120.418
	35.880
	-5.6935
	-0.5037
	0.3278
	0.1593

	-120.493
	35.948
	-12.4006
	-2.6484
	0.4580
	0.2129

	-120.569
	36.011
	-15.3559
	4.4674
	0.7202
	0.3669

	-120.645
	36.077
	-23.9505
	2.1941
	0.5276
	0.2480

	-120.719
	36.146
	-27.8814
	0.9245
	0.4978
	0.2449

	-120.790
	36.206
	-33.2104
	-3.0301
	0.7453
	0.3310

	-120.862
	36.280
	-22.6268
	3.0043
	0.8842
	0.3767

	-120.935
	36.346
	-26.6282
	-1.6201
	0.7638
	0.3090

	-121.006
	36.419
	-18.0411
	0.3143
	0.9657
	0.3927

	-121.077
	36.489
	-12.4437
	-1.0000
	0.6200
	0.2690

	-121.149
	36.556
	-18.6933
	-3.0164
	0.7182
	0.3278

	-121.223
	36.623
	-15.1094
	3.0651
	0.5239
	0.2267

	-121.301
	36.689
	-13.4579
	-1.2862
	0.8382
	0.3788

	-121.384
	36.748
	-14.4209
	-4.1125
	0.7290
	0.3564

	-121.471
	36.802
	-8.2693
	-0.4907
	0.7680
	0.3876

	-121.557
	36.862
	-2.7468
	6.6286
	1.2227
	0.5690

	-121.642
	36.919
	-2.2358
	-0.9104
	0.9683
	0.5073

	-121.724
	36.981
	-2.5620
	-1.5519
	1.0715
	0.5635

	-121.891
	37.098
	-1.6718
	-0.4695
	1.4700
	0.8357

	-121.975
	37.160
	-1.8885
	-1.2886
	0.8382
	0.4574

	-122.206
	37.357
	-2.8922
	-0.5742
	0.9357
	0.4845

	-122.342
	37.500
	-1.2243
	0.4611
	1.2696
	0.5353

	-122.651
	37.877
	NaN
	NaN
	NaN
	NaN

	-122.715
	37.951
	3.1698
	-1.6914
	2.2704
	0.8412

	-122.846
	38.098
	-3.3080
	-4.2111
	0.9536
	0.4186

	-123.041
	38.319
	-2.6348
	-0.1136
	0.9306
	0.3895

	-123.250
	38.532
	NaN
	NaN
	NaN
	NaN

	-123.322
	38.603
	NaN
	NaN
	NaN
	NaN

	-123.392
	38.673
	NaN
	NaN
	NaN
	NaN

	-123.462
	38.743
	NaN
	NaN
	NaN
	NaN

	-123.530
	38.817
	NaN
	NaN
	NaN
	NaN

	-123.596
	38.892
	NaN
	NaN
	NaN
	NaN

	-123.661
	38.965
	NaN
	NaN
	NaN
	NaN

	San Jacinto

	-116.004
	33.033
	-0.1384
	0.2419
	0.2884
	0.0984

	-116.056
	33.099
	-0.4644
	0.6871
	0.1998
	0.0874

	-116.143
	33.164
	-0.5486
	-0.3373
	0.2126
	0.1000

	-116.217
	33.222
	-0.1299
	0.2168
	0.1200
	0.0578

	-116.296
	33.282
	-0.7767
	0.8061
	0.2068
	0.0978

	-116.371
	33.346
	-0.1520
	0.6104
	0.3246
	0.1769

	-116.453
	33.407
	-0.1419
	0.0780
	0.1130
	0.0585

	-116.516
	33.473
	-0.3212
	0.2974
	0.1338
	0.0585

	-116.588
	33.538
	-0.1496
	-0.2384
	0.1521
	0.0684

	-116.679
	33.594
	-0.3770
	0.9295
	0.1412
	0.0806

	-116.763
	33.647
	-0.0170
	-0.1092
	0.1436
	0.0814

	-116.855
	33.698
	-1.3847
	-1.3877
	0.2438
	0.1301

	-116.952
	33.753
	-2.4895
	-2.9540
	0.4308
	0.1962

	-116.966
	33.815
	-1.6271
	2.9381
	1.0947
	0.4857

	-117.055
	33.877
	-0.6216
	3.3599
	0.6382
	0.3225

	-117.135
	33.938
	-0.5105
	3.7504
	0.7634
	0.3636

	-117.215
	34.001
	-1.6703
	-1.3914
	0.1977
	0.0919

	-117.287
	34.067
	-0.7469
	-3.2016
	0.5752
	0.2564

	-117.358
	34.135
	-0.1398
	-1.5567
	0.2711
	0.1170

	-117.424
	34.198
	-1.0125
	-1.5780
	0.2762
	0.1372

	-117.518
	34.253
	-0.5204
	-1.0878
	0.3084
	0.1611

	-117.602
	34.311
	-2.9110
	1.0447
	0.4675
	0.2219

	Superstition Hills

	-115.692
	32.923
	-1.7446
	-0.5190
	0.4658
	0.2446

	-115.742
	32.962
	-6.0643
	-0.2111
	0.1480
	0.0756

	-115.769
	32.984
	-7.2451
	-0.3195
	0.1333
	0.0695

	-115.807
	33.008
	-6.1085
	-0.9947
	0.1232
	0.0641





Table S2. Assessment on the quality of integration between GNSS and InSAR. (More details can be found in Fig. S1)
	Station Name
	InSAR Track
	Assessment

	7odm
	T071
	Match OK

	acsb
	T071
	Match OK

	agmt
	T071
	Match OK

	agmt
	T173
	InSAR Bad

	alth
	T042
	GNSS Bad

	ar27
	T071
	Match OK

	ar53
	T071
	Match OK

	arm2
	T144
	Match Well

	arm2
	T071
	Match OK

	avry
	T071
	Match OK

	azry
	T071
	Match OK

	azry
	T173
	Match OK

	azu1
	T071
	Match OK

	bbdm
	T144
	Match OK

	bbry
	T071
	Match OK

	bbry
	T173
	Match OK

	bemt
	T173
	InSAR Bad

	bepk
	T071
	Match OK

	bepk
	T144
	Mismatch

	bgis
	T071
	Match OK

	bill
	T071
	Match OK

	bill
	T173
	InSAR Bad

	bkap
	T173
	InSAR Bad

	bkms
	T071
	Match Well

	blsa
	T071
	Match Well

	bmhl
	T173
	Match OK

	bomg
	T173
	Mismatch

	bsry
	T071
	Match OK

	btdm
	T071
	Match OK

	bvpp
	T144
	Match Well

	cand
	T144
	Match OK

	cand
	T042
	Mismatch

	carh
	T042
	Match OK

	carh
	T144
	Match OK

	cbhs
	T071
	Match OK

	cccc
	T071
	Match OK

	cccs
	T071
	Match OK

	cdmt
	T071
	Match OK

	cdmt
	T173
	InSAR Bad

	chms
	T071
	Match OK

	chow
	T042
	GNSS Bad

	chow
	T144
	GNSS Bad

	cit1
	T071
	Match OK

	cjmg
	T071
	GNSS Bad

	cjms
	T071
	Match OK

	cjvg
	T071
	Match OK

	clar
	T071
	Match OK

	clbd
	T071
	Match OK

	cmbb
	T042
	Match OK

	cnpp
	T071
	Match OK

	cpbn
	T071
	Match OK

	crbt
	T042
	Match Well

	crbt
	T144
	Match OK

	crcn
	T144
	GNSS Bad

	crhs
	T071
	GNSS Bad

	crrs
	T173
	Match OK

	csci
	T071
	Match OK

	csst
	T144
	Match OK

	ctdm
	T144
	Match Well

	ctdm
	T071
	Match OK

	ctms
	T071
	Match OK

	ctms
	T173
	Match OK

	cuhs
	T144
	Mismatch

	cvhs
	T071
	Match OK

	desc
	T173
	Mismatch

	dhlg
	T173
	Mismatch

	diab
	T042
	Match OK

	diab
	T115
	Mismatch

	dixn
	T042
	Mismatch

	dixn
	T115
	Mismatch

	dlno
	T144
	GNSS Bad

	dluz
	T071
	Match OK

	dond
	T144
	Match OK

	dssc
	T071
	Match OK

	dssc
	T173
	Mismatch

	edpp
	T144
	Match Well

	edpp
	T071
	InSAR Bad

	elly
	T071
	Mismatch

	ewpp
	T071
	Match OK

	fgst
	T144
	Match OK

	fhog
	T071
	Match OK

	fhog
	T173
	Match OK

	fmvt
	T071
	Match OK

	fmvt
	T144
	Match OK

	fvpk
	T071
	Match OK

	fzhs
	T071
	Match OK

	fzhs
	T144
	Match OK

	ghrp
	T071
	Match OK

	glrs
	T173
	Match OK

	gmpk
	T173
	InSAR Bad

	gmrc
	T173
	Match OK

	gol2
	T071
	Match OK

	gr8r
	T042
	Match Well

	gr8r
	T144
	Match OK

	hcmn
	T071
	Match OK

	hcmn
	T173
	InSAR Bad

	hivi
	T071
	Match OK

	hnps
	T173
	Match OK

	hogs
	T042
	Mismatch

	hogs
	T144
	Mismatch

	hopb
	T115
	Mismatch

	hunt
	T144
	Match OK

	hunt
	T042
	Mismatch

	hvys
	T144
	Match OK

	i40a
	T173
	InSAR Bad

	idog
	T173
	InSAR Bad

	iid2
	T173
	Match OK

	imps
	T173
	Match OK

	islk
	T071
	Match OK

	islk
	T144
	Match OK

	jnhg
	T071
	Match OK

	jrsc
	T042
	Match OK

	kbrc
	T071
	Match OK

	kbrc
	T144
	Match OK

	kyvw
	T173
	Match OK

	land
	T042
	Match OK

	land
	T144
	Match OK

	lapc
	T071
	Match OK

	ldes
	T071
	Match OK

	ldes
	T173
	Match OK

	lema
	T144
	GNSS Bad

	lfrs
	T071
	Match OK

	lgwd
	T071
	Match OK

	linj
	T071
	Mismatch

	ljrn
	T144
	Match OK

	ljrn
	T071
	Mismatch

	ll01
	T071
	Match OK

	lnmt
	T071
	Match OK

	lors
	T071
	Match OK

	lows
	T042
	Match OK

	lows
	T144
	Mismatch

	lra3
	T042
	Match OK

	lra3
	T115
	Match OK

	lutz
	T042
	Match Well

	lvms
	T144
	Match OK

	masw
	T042
	Match OK

	masw
	T144
	Match OK

	mat2
	T071
	Match OK

	mhcb
	T042
	Match OK

	mhdl
	T042
	GNSS Bad

	mhdl
	T115
	GNSS Bad

	mhms
	T071
	Match OK

	mida
	T042
	Mismatch

	mida
	T144
	Mismatch

	mjpk
	T071
	Mismatch

	mlfp
	T071
	Match OK

	mnmc
	T042
	Match OK

	mnmc
	T144
	Match OK

	mnrc
	T115
	Match OK

	monb
	T042
	Match OK

	monp
	T173
	InSAR Bad

	mpwd
	T071
	Match OK

	mscg
	T071
	Match OK

	mscg
	T173
	InSAR Bad

	muln
	T042
	GNSS Bad

	muln
	T144
	GNSS Bad

	musb
	T144
	Match OK

	ndap
	T173
	Match OK

	nhrg
	T144
	Match OK

	noco
	T071
	Match OK

	oaes
	T173
	Match OK

	ocsd
	T071
	Match OK

	oeoc
	T071
	Match OK

	ohln
	T042
	Match OK

	ohln
	T115
	Mismatch

	opbl
	T173
	Match OK

	opcp
	T173
	Match OK

	opcx
	T173
	InSAR Bad

	oprd
	T071
	Match OK

	oprd
	T173
	Match OK

	ores
	T144
	Match OK

	ormt
	T071
	Match OK

	ormt
	T173
	InSAR Bad

	orvb
	T115
	Match OK

	oxmt
	T042
	Mismatch

	ozst
	T144
	Match OK

	p056
	T144
	Match OK

	p060
	T115
	Match OK

	p066
	T173
	Match OK

	p067
	T042
	Match OK

	p093
	T144
	Match OK

	p155
	T115
	Match OK

	p164
	T115
	Match OK

	p171
	T042
	Mismatch

	p172
	T042
	Match OK

	p173
	T042
	Match OK

	p174
	T042
	Match OK

	p175
	T042
	Match OK

	p176
	T042
	Mismatch

	p177
	T042
	Mismatch

	p178
	T042
	Match OK

	p180
	T042
	Match OK

	p181
	T042
	Match OK

	p181
	T115
	Mismatch

	p182
	T115
	Match OK

	p183
	T115
	Match OK

	p186
	T115
	InSAR Bad

	p187
	T115
	Mismatch

	p188
	T115
	Match OK

	p189
	T115
	Match OK

	p190
	T115
	Match OK

	p192
	T115
	Match OK

	p194
	T115
	Match OK

	p195
	T115
	Match OK

	p196
	T115
	Match OK

	p197
	T115
	Mismatch

	p198
	T115
	Mismatch

	p199
	T115
	Mismatch

	p200
	T115
	Match OK

	p201
	T115
	Match OK

	p202
	T115
	Match OK

	p203
	T115
	Match OK

	p204
	T115
	Match OK

	p206
	T115
	InSAR Bad

	p207
	T115
	Mismatch

	p208
	T115
	Mismatch

	p209
	T042
	Match OK

	p211
	T042
	Match OK

	p212
	T042
	Match OK

	p213
	T042
	Match OK

	p214
	T042
	Match OK

	p215
	T042
	Match OK

	p216
	T042
	Match OK

	p217
	T042
	Match OK

	p218
	T042
	Match OK

	p219
	T042
	Match OK

	p220
	T042
	Match OK

	p221
	T042
	Match OK

	p222
	T042
	Match Well

	p223
	T042
	Match OK

	p223
	T115
	Match OK

	p224
	T042
	Match OK

	p224
	T115
	Mismatch

	p225
	T042
	Match Well

	p225
	T115
	Match OK

	p226
	T042
	Match OK

	p227
	T042
	Match Well

	p228
	T042
	Match OK

	p229
	T042
	Match OK

	p229
	T115
	Mismatch

	p230
	T042
	Match OK

	p230
	T115
	Mismatch

	p231
	T042
	Mismatch

	p232
	T042
	Match OK

	p233
	T042
	Mismatch

	p234
	T042
	Match OK

	p235
	T042
	Match OK

	p236
	T042
	Mismatch

	p237
	T042
	Match OK

	p239
	T042
	Match OK

	p241
	T042
	Mismatch

	p242
	T042
	Mismatch

	p243
	T042
	Match OK

	p244
	T042
	Match OK

	p245
	T042
	Match OK

	p247
	T042
	Match OK

	p248
	T042
	Match OK

	p248
	T115
	Match OK

	p249
	T042
	Match OK

	p250
	T042
	Match OK

	p251
	T042
	Match OK

	p252
	T042
	Match OK

	p253
	T042
	Match OK

	p254
	T042
	Match OK

	p255
	T042
	Match OK

	p256
	T042
	Match OK

	p257
	T042
	Match OK

	p258
	T042
	Match OK

	p259
	T042
	Match OK

	p261
	T042
	Match OK

	p261
	T115
	Match OK

	p262
	T042
	Match OK

	p262
	T115
	Match OK

	p263
	T115
	Match OK

	p264
	T042
	Match OK

	p264
	T115
	Match OK

	p265
	T042
	Match OK

	p265
	T115
	Match OK

	p266
	T042
	Match OK

	p266
	T115
	Match OK

	p267
	T042
	Match OK

	p267
	T115
	Match OK

	p268
	T042
	Match OK

	p268
	T115
	Match OK

	p270
	T115
	Match OK

	p271
	T042
	Match OK

	p271
	T115
	Match OK

	p272
	T115
	Match OK

	p273
	T042
	Match OK

	p274
	T042
	Match OK

	p275
	T042
	Match OK

	p276
	T042
	Match Well

	p277
	T042
	Mismatch

	p278
	T042
	Match OK

	p279
	T042
	Match OK

	p280
	T042
	Match Well

	p280
	T144
	Match Well

	p281
	T042
	Match OK

	p281
	T144
	Match OK

	p282
	T042
	Mismatch

	p282
	T144
	Mismatch

	p283
	T042
	Mismatch

	p283
	T144
	Mismatch

	p284
	T042
	Match OK

	p285
	T042
	Mismatch

	p286
	T042
	Match OK

	p287
	T042
	Match OK

	p287
	T144
	Match OK

	p288
	T042
	Match OK

	p289
	T042
	Match OK

	p289
	T144
	Match OK

	p290
	T144
	Match OK

	p290
	T042
	Mismatch

	p291
	T042
	Match Well

	p291
	T144
	Match OK

	p292
	T042
	Match OK

	p292
	T144
	Match OK

	p293
	T042
	Match OK

	p293
	T144
	Match OK

	p294
	T042
	Match Well

	p294
	T144
	Match OK

	p295
	T042
	Match OK

	p295
	T144
	Match OK

	p296
	T144
	Match Well

	p296
	T042
	Match OK

	p297
	T042
	Match OK

	p297
	T144
	Mismatch

	p298
	T042
	Match OK

	p298
	T144
	Match OK

	p299
	T042
	Mismatch

	p299
	T144
	Mismatch

	p300
	T042
	Match OK

	p300
	T144
	Match OK

	p301
	T042
	Match OK

	p302
	T042
	Match OK

	p302
	T144
	Match OK

	p303
	T042
	Match OK

	p304
	T042
	Match OK

	p304
	T144
	Match OK

	p305
	T042
	Match Well

	p305
	T144
	Match OK

	p306
	T042
	Match OK

	p307
	T042
	Match OK

	p307
	T144
	Match OK

	p309
	T042
	Match OK

	p310
	T042
	Match OK

	p311
	T144
	Match OK

	p312
	T115
	Mismatch

	p313
	T115
	Match OK

	p314
	T115
	Mismatch

	p315
	T115
	Match OK

	p318
	T115
	Match OK

	p327
	T115
	Match OK

	p329
	T115
	Match OK

	p331
	T115
	Match OK

	p332
	T115
	Match OK

	p338
	T115
	Match OK

	p341
	T115
	Match OK

	p344
	T115
	Match OK

	p345
	T115
	Match OK

	p348
	T115
	Match OK

	p349
	T115
	Match OK

	p465
	T144
	Match OK

	p467
	T144
	Match OK

	p468
	T144
	Match OK

	p470
	T071
	Match OK

	p471
	T071
	Match OK

	p472
	T071
	Match OK

	p472
	T173
	Match OK

	p473
	T071
	Match OK

	p473
	T173
	Match OK

	p474
	T071
	Match OK

	p475
	T071
	Match OK

	p475
	T173
	Match OK

	p476
	T071
	Match OK

	p476
	T173
	Match OK

	p477
	T071
	Match OK

	p477
	T173
	Match OK

	p478
	T071
	Match OK

	p478
	T173
	Match OK

	p479
	T071
	Match OK

	p479
	T173
	InSAR Bad

	p480
	T173
	Match OK

	p481
	T173
	Match OK

	p482
	T071
	Match OK

	p482
	T173
	Match OK

	p483
	T173
	Match OK

	p484
	T071
	Match OK

	p484
	T173
	InSAR Bad

	p485
	T173
	Match OK

	p486
	T173
	Match OK

	p491
	T173
	Match OK

	p492
	T173
	Match OK

	p493
	T173
	Match OK

	p494
	T173
	Match OK

	p495
	T173
	Match OK

	p496
	T173
	Match OK

	p497
	T173
	Match OK

	p498
	T173
	Match OK

	p499
	T173
	Match OK

	p500
	T173
	Match OK

	p501
	T173
	Mismatch

	p502
	T173
	Match OK

	p503
	T173
	Match OK

	p505
	T173
	Match OK

	p506
	T173
	Match OK

	p507
	T173
	Mismatch

	p508
	T173
	Match OK

	p509
	T173
	Match OK

	p510
	T173
	Match OK

	p511
	T173
	Match OK

	p512
	T042
	Match OK

	p512
	T144
	Match OK

	p513
	T144
	Match OK

	p514
	T144
	Match OK

	p515
	T144
	Match OK

	p516
	T144
	Match OK

	p518
	T144
	Match OK

	p519
	T144
	Match OK

	p520
	T144
	Match OK

	p521
	T144
	Match OK

	p523
	T042
	Match OK

	p523
	T144
	Match OK

	p525
	T144
	Match OK

	p525
	T042
	Mismatch

	p526
	T042
	Match OK

	p526
	T144
	Match OK

	p527
	T042
	Match OK

	p527
	T144
	Match OK

	p528
	T042
	Match OK

	p528
	T144
	Match OK

	p529
	T042
	Match OK

	p529
	T144
	Match OK

	p530
	T042
	Match OK

	p530
	T144
	Match OK

	p531
	T042
	Match OK

	p531
	T144
	Match OK

	p532
	T042
	Match OK

	p532
	T144
	Match OK

	p533
	T042
	Match OK

	p533
	T144
	Match OK

	p534
	T042
	InSAR Bad

	p535
	T144
	Match OK

	p536
	T144
	Match Well

	p537
	T144
	Match Well

	p538
	T144
	Mismatch

	p539
	T042
	Match Well

	p539
	T144
	Match Well

	p540
	T042
	Match Well

	p540
	T144
	Match Well

	p541
	T144
	Match Well

	p542
	T042
	Match Well

	p542
	T144
	Match OK

	p543
	T144
	Match Well

	p544
	T144
	Match Well

	p545
	T144
	Match Well

	p546
	T042
	Match Well

	p546
	T144
	Match OK

	p547
	T144
	Match Well

	p548
	T144
	Match OK

	p550
	T144
	Match OK

	p551
	T144
	Match OK

	p552
	T042
	Match OK

	p552
	T144
	Match OK

	p554
	T071
	Match OK

	p554
	T144
	Match OK

	p555
	T144
	Match OK

	p555
	T071
	Mismatch

	p556
	T071
	Match OK

	p556
	T144
	Match OK

	p557
	T071
	Match OK

	p557
	T144
	Mismatch

	p560
	T071
	Match OK

	p560
	T144
	Match OK

	p563
	T144
	Match OK

	p564
	T144
	Match OK

	p565
	T144
	Mismatch

	p566
	T144
	Match OK

	p567
	T071
	Match OK

	p567
	T144
	Match OK

	p568
	T071
	Match OK

	p570
	T071
	Match OK

	p570
	T144
	Match OK

	p571
	T144
	Match OK

	p573
	T144
	Match OK

	p574
	T071
	Match OK

	p575
	T071
	Match OK

	p576
	T042
	Match OK

	p577
	T071
	Match OK

	p578
	T042
	Match OK

	p578
	T144
	Match OK

	p579
	T071
	Match OK

	p580
	T071
	Match OK

	p581
	T071
	Match OK

	p582
	T071
	Match OK

	p583
	T071
	Match OK

	p584
	T071
	Match OK

	p584
	T173
	Match OK

	p585
	T071
	Match OK

	p585
	T173
	Match OK

	p586
	T071
	Match OK

	p588
	T071
	Match OK

	p589
	T071
	Match OK

	p590
	T071
	Match OK

	p591
	T071
	Match OK

	p592
	T071
	Match OK

	p593
	T071
	Match OK

	p594
	T071
	Match OK

	p595
	T071
	Match OK

	p597
	T071
	Match OK

	p598
	T071
	Match OK

	p598
	T173
	Match OK

	p599
	T071
	Match OK

	p599
	T173
	Match OK

	p600
	T173
	InSAR Bad

	p601
	T173
	Match OK

	p602
	T042
	Match Well

	p602
	T144
	Match Well

	p603
	T173
	Match OK

	p604
	T071
	Match OK

	p604
	T173
	Match OK

	p606
	T071
	Match OK

	p606
	T173
	InSAR Bad

	p607
	T173
	Match OK

	p608
	T173
	Match OK

	p610
	T173
	Match OK

	p611
	T173
	Match OK

	p612
	T071
	Match OK

	p613
	T071
	Match OK

	p613
	T173
	Match OK

	p614
	T173
	Match OK

	p615
	T071
	Match OK

	p615
	T173
	InSAR Bad

	p616
	T071
	Match OK

	p617
	T071
	Match OK

	p617
	T173
	Match OK

	p618
	T173
	Match OK

	p619
	T071
	Match OK

	p619
	T173
	Match OK

	p621
	T173
	Match OK

	p622
	T173
	Match OK

	p623
	T173
	Match OK

	p625
	T173
	Match OK

	p626
	T173
	Match OK

	p669
	T115
	Mismatch

	p724
	T144
	Match OK

	p725
	T144
	Match OK

	p726
	T144
	Mismatch

	p727
	T144
	Match OK

	p729
	T071
	Match OK

	p740
	T071
	Match OK

	p740
	T173
	Match OK

	p742
	T071
	Match OK

	p742
	T173
	Match OK

	p744
	T173
	Match OK

	p787
	T042
	Match OK

	p788
	T042
	Match OK

	p789
	T144
	Match OK

	p789
	T042
	Mismatch

	p790
	T042
	Match OK

	p790
	T144
	Match OK

	p795
	T173
	InSAR Bad

	p796
	T173
	InSAR Bad

	p797
	T071
	Match OK

	p797
	T173
	Match OK

	p799
	T071
	Match OK

	p800
	T071
	GNSS Bad

	p809
	T144
	Mismatch

	p810
	T144
	Mismatch

	p811
	T071
	Match OK

	p812
	T071
	Match OK

	pbpp
	T071
	Match OK

	phjx
	T173
	Match OK

	pin1
	T173
	Match OK

	pin2
	T173
	Match OK

	pkrd
	T071
	Match OK

	pomm
	T042
	Match OK

	pomm
	T144
	Match OK

	potr
	T173
	Match OK

	ppbf
	T071
	Match OK

	ptro
	T042
	Match OK

	ptro
	T115
	Match OK

	pve3
	T071
	Match OK

	pvrs
	T071
	Match OK

	raap
	T071
	Match OK

	raap
	T173
	InSAR Bad

	ramt
	T071
	Match OK

	rapt
	T144
	GNSS Bad

	rbru
	T144
	GNSS Bad

	rca2
	T144
	Match OK

	rdmt
	T071
	Match OK

	rdmt
	T173
	Match OK

	rhcl
	T071
	Match OK

	rmvj
	T071
	Match OK

	rstp
	T071
	Match OK

	rsvy
	T144
	Match OK

	s300
	T042
	Match OK

	sacy
	T071
	Match Well

	saob
	T042
	Match OK

	sbcc
	T071
	Match OK

	sbrb
	T042
	Match OK

	scia
	T071
	Match OK

	sdhl
	T173
	Match OK

	sfdm
	T071
	Match OK

	sfdm
	T144
	Match OK

	sgps
	T071
	Match OK

	sgps
	T173
	InSAR Bad

	sio5
	T071
	Match OK

	sio5
	T173
	Match OK

	skyb
	T071
	Match OK

	skyb
	T144
	Match OK

	slac
	T042
	Match Well

	slms
	T173
	Match OK

	snhs
	T071
	Match OK

	somt
	T071
	Match OK

	song
	T071
	Match OK

	spms
	T071
	Match OK

	srb1
	T042
	Match OK

	srb1
	T115
	Match OK

	svin
	T115
	Match OK

	tabv
	T071
	Match OK

	tblp
	T042
	Match OK

	tblp
	T144
	Match OK

	teha
	T071
	Match OK

	teha
	T144
	Match OK

	thcp
	T071
	Match OK

	thcp
	T144
	Match OK

	thmg
	T173
	Match OK

	thms
	T071
	Match OK

	tibb
	T042
	Match OK

	tibb
	T115
	Match OK

	tjrn
	T144
	Match OK

	tost
	T071
	Match OK

	trak
	T071
	Match OK

	trlk
	T042
	Match OK

	ucd1
	T042
	Mismatch

	ucd1
	T115
	Mismatch

	ucsf
	T042
	Match OK

	ucsf
	T115
	Match OK

	uslo
	T042
	Match OK

	uslo
	T144
	Match OK

	vcvl
	T042
	Match OK

	vcvl
	T115
	Mismatch

	vdcy
	T071
	Match OK

	vimt
	T071
	Match OK

	vncx
	T071
	Match OK

	vncx
	T144
	Match OK

	vnps
	T071
	Match OK

	vtor
	T071
	Match OK

	vtor
	T173
	Match OK

	wchs
	T071
	Match OK

	wgpp
	T144
	Match Well

	whyt
	T071
	Match OK

	win2
	T042
	Match Well

	wint
	T042
	Match OK

	wkpk
	T071
	Match OK

	wkpk
	T144
	Match OK

	wmap
	T071
	Match OK

	womt
	T071
	Match OK

	womt
	T173
	Match OK

	wrhs
	T071
	Match OK

	zoa1
	T042
	Match OK



