Table 1. Accuracy estimates of INAGEOID Version 2.0 (unit: cm) (BIG, 2022).
	Island
	Standard deviation

	Java
	11.81

	Bali
	21.67

	Sumatera
	28.58

	Sulawesi
	25.10

	Kalimantan Barat
	6.43

	Kalimantan Timur
	5.88



[bookmark: _Hlk160094992]Table 2. Difference statistics between the EGM08-derived gravity anomalies of degree 1800 and the gravity effects computed by the 2D-FFT technique and the corresponding equivalent topography (unit: mgal).
	FFT
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	30
	1.00
	18.27
	-19.19
	2.36
	2.56

	40
	1.16
	20.58
	-17.34
	2.45
	2.71

	50
	1.28
	22.68
	-15.76
	2.53
	2.84










Table 3. Difference statistics between the airborne gravity anomalies and GGM-derived gravity anomalies at different degrees (unit: mgal).
	GGM
	Degree
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	EGM08
	360
	-1.91
	145.35
	-117.57
	30.47
	30.53

	
	720
	-2.64
	98.70
	-101.58
	20.72
	20.89

	
	1080
	-2.77
	90.72
	-97.08
	18.61
	18.82

	
	1440
	-2.87
	90.63
	-92.65
	18.30
	18.53

	
	1800
	-2.84
	90.30
	-93.68
	18.22
	18.44

	
	2160
	-2.79
	91.87
	-94.59
	18.26
	18.47

	EIGEN
-6C4
	360
	-2.79
	91.87
	-94.59
	18.26
	18.47

	
	720
	-1.62
	143.30
	-116.83
	29.98
	30.02

	
	1080
	-2.34
	100.03
	-100.31
	20.04
	20.17

	
	1440
	-2.47
	92.23
	-95.90
	17.87
	18.04

	
	1800
	-2.57
	89.85
	-91.09
	17.56
	17.74

	
	2160
	-2.54
	89.61
	-92.02
	17.46
	17.65

	GECO
	360
	-1.67
	141.23
	-113.67
	29.63
	29.67

	
	720
	-2.39
	95.62
	-97.67
	19.64
	19.78

	
	1080
	-2.53
	87.64
	-93.15
	17.37
	17.55

	
	1440
	-2.63
	83.86
	-88.72
	17.03
	17.23

	
	1800
	-2.59
	84.77
	-89.75
	16.94
	17.13

	
	2160
	-2.55
	86.26
	-90.66
	16.99
	17.18

	XGM
2019e
	360
	-1.64
	129.65
	-117.58
	28.38
	28.43

	
	720
	-2.40
	92.43
	-100.77
	16.40
	16.58

	
	1080
	-2.51
	89.86
	-97.05
	13.25
	13.49

	
	1440
	-2.59
	86.67
	-93.70
	12.68
	12.94

	
	1800
	-2.55
	87.75
	-94.70
	12.66
	12.92

	
	2160
	-2.46
	90.39
	-95.46
	12.74
	12.98

	SGG-
UGM-2
	360
	-1.79
	144.73
	-115.39
	29.75
	29.80

	
	720
	-2.62
	99.07
	-99.88
	19.22
	19.39

	
	1080
	-2.75
	95.79
	-96.67
	16.85
	17.07

	
	1440
	-2.85
	88.38
	-92.57
	16.46
	16.71

	
	1800
	-2.82
	90.54
	-94.64
	16.34
	16.58

	
	2160
	-2.77
	92.28
	-96.49
	16.36
	16.59



Table 4. Difference statistics between the geometric and modeled geoid heights for the three GPS/leveling datasets (D1, D2 and D3).
	Model
	Dataset
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	EGM08
(1440)
	D1
	0.773
	1.030
	0.533
	0.186
	0.793

	
	D2
	0.460
	1.312
	-0.720
	0.420
	0.619

	
	D3
	0.429
	0.541
	0.346
	0.055
	0.433

	EGM08
(1440+a)
	D1
	0.587
	0.678
	0.507
	0.067
	0.590

	
	D2
	0.479
	1.171
	0.167
	0.229
	0.530

	
	D3
	0.333
	0.392
	0.253
	0.043
	0.336

	EGM08
(1440+a+t)
	D1
	0.562
	0.637
	0.477
	0.061
	0.565

	
	D2
	0.430
	1.091
	0.164
	0.222
	0.482

	
	D3
	0.312
	0.382
	0.240
	0.040
	0.315

	EGM08
(1800)
	D1
	0.775
	1.017
	0.565
	0.175
	0.792

	
	D2
	0.464
	1.332
	-0.664
	0.413
	0.618

	
	D3
	0.438
	0.552
	0.353
	0.056
	0.441

	EGM08
(1800+a)
	D1
	0.586
	0.671
	0.519
	0.059
	0.589

	
	D2
	0.487
	1.165
	0.185
	0.231
	0.538

	
	D3
	0.339
	0.404
	0.259
	0.041
	0.341

	EGM08
(1800+a+t)
	D1
	0.562
	0.630
	0.503
	0.052
	0.564

	
	D2
	0.438
	1.085
	0.181
	0.225
	0.491

	
	D3
	0.318
	0.360
	0.246
	0.037
	0.320

	EGM08
(2160)
	D1
	0.766
	1.016
	0.553
	0.177
	0.784

	
	D2
	0.466
	1.354
	-0.649
	0.416
	0.621

	
	D3
	0.440
	0.552
	0.338
	0.062
	0.444

	EGM08
(2160+a)
	D1
	0.564
	0.649
	0.477
	0.062
	0.567

	
	D2
	0.483
	1.156
	0.157
	0.242
	0.539

	
	D3
	0.342
	0.405
	0.252
	0.044
	0.345

	EGM08
(2160+a+t)
	D1
	0.540
	0.626
	0.468
	0.058
	0.543

	
	D2
	0.435
	1.076
	0.154
	0.238
	0.495

	
	D3
	0.321
	0.368
	0.238
	0.041
	0.323




Table 5. Difference statistics of the 9 points with the same position in the first and second GPS/leveling datasets (unit: m).
	Dataset 1
	Dataset 2
	
Modeled geoid heights
	Geometric geoid height difference between Datasets 1 and 2
	Difference between geometric and modeled geoid heights for Dataset 1
	Difference between geometric and modeled geoid heights for  Dataset 2

	Point name
	Geometric geoid height
	Point name
	Geometric geoid height
	
	
	
	

	G21
	57.423
	G722
	57.068
	56.794
	0.355
	0.629
	0.274

	G30
	56.893
	G723
	56.563
	56.263
	0.330
	0.630
	0.300

	G46
	56.844
	G724
	56.570
	56.246
	0.274
	0.598
	0.324

	G41
	57.288
	G725
	57.017
	56.700
	0.271
	0.588
	0.317

	G22
	56.980
	G727
	56.708
	56.454
	0.272
	0.526
	0.254

	G33
	56.987
	G728
	56.719
	56.478
	0.268
	0.509
	0.241

	G47
	57.051
	G730
	56.896
	56.548
	0.155
	0.503
	0.348

	G26
	56.800
	G731
	56.420
	56.239
	0.380
	0.561
	0.181

	G28
	56.950
	G732
	56.687
	56.440
	0.263
	0.510
	0.247

	
	Mean
	0.285
	0.561
	0.276

	
	Standard deviation
	0.065
	0.052
	0.051









Table 6. Difference statistics between the geometric and modeled geoid heights for the five routes of the second GPS/leveling dataset (unit: m).
	Geoid
model
	Routes
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	EGM08
(1440+a+t)
	R1
	0.272
	0.368
	0.164
	0.063
	0.279

	
	R2
	0.277
	0.309
	0.225
	0.030
	0.279

	
	R3
	0.390
	0.473
	0.299
	0.049
	0.393

	
	R4
	0.672
	0.753
	0.569
	0.058
	0.674

	
	R5
	1.051
	1.091
	1.011
	0.057
	1.052

	EGM08
(1800+a+t)
	R1
	0.276
	0.375
	0.181
	0.054
	0.281

	
	R2
	0.268
	0.331
	0.198
	0.047
	0.271

	
	R3
	0.406
	0.456
	0.374
	0.025
	0.406

	
	R4
	0.690
	0.738
	0.633
	0.033
	0.691

	
	R5
	1.064
	1.085
	1.043
	0.030
	1.064

	EGM08
(2160+a+t)
	R1
	0.256
	0.371
	0.154
	0.056
	0.262

	
	R2
	0.285
	0.397
	0.202
	0.067
	0.292

	
	R3
	0.397
	0.480
	0.399
	0.047
	0.400

	
	R4
	0.703
	0.751
	0.584
	0.047
	0.704

	
	R5
	1.067
	1.076
	1.057
	0.013
	1.067










Table 7. MSL geopotential estimation using the points of the first GPS\leveling dataset and the geoid model of EGM08(1800+a+t).
	Model
	Point name
	Geometric geoid height
	Gravimetric geoid height
	Geopotential of mean sea level

	EGM08
(1800+a+t)
	G21
	57.423
	56.794
	62636853.848

	
	G30
	56.893
	56.263
	62636853.840

	
	G46
	56.844
	56.246
	62636854.147

	
	G41
	57.288
	56.700
	62636854.251

	
	G22
	56.980
	56.454
	62636854.857

	
	G33
	56.987
	56.478
	62636855.017

	
	G47
	57.051
	56.548
	62636855.076

	
	G26
	56.800
	56.239
	62636854.510

	
	G28
	56.950
	56.440
	62636855.013

	
	Mean
	62636854.507

	
	Standard deviation
	0.505












Table 8. MSL geopotential estimation for the three GPS\leveling datasets (D1, D2 and D3).
	Dataset
(Route)
	Number of Point
	Geopotential of mean sea level
	Correction to geometric geoid height


	D1
	9
	62636854.507±0.505
	-0.562±0.052

	D2
	R1
	17
	62636857.299±0.528
	-0.276±0.054

	
	R2
	6
	62636857.380±0.460
	-0.268±0.047

	
	R3
	8
	62636856.035±0.244
	-0.405±0.025

	
	R4
	11
	62636853.252±0.320
	-0.690±0.033

	
	R5
	2
	62636849.594±0.296
	-1.064±0.030

	D3
	11
	62636856.890±0.360
	-0.318±0.037













Table 9. Difference statistics between the corrected geometric and modeled geoid heights (unit: m).
	Geoid
Model
	Dataset
(route)
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	[bookmark: _Hlk162256122]EGM08
(1800+a+t)
	D1
	0.000
	0.068
	-0.059
	0.052
	0.049

	
	D2
	R1
	0.000
	0.099
	-0.095
	0.054
	0.052

	
	
	R2
	0.000
	0.063
	-0.070
	0.047
	0.043

	
	
	R3
	0.001
	0.051
	-0.031
	0.025
	0.023

	
	
	R4
	0.000
	0.048
	-0.057
	0.033
	0.031

	
	
	R5
	0.000
	0.021
	-0.021
	0.030
	0.021

	
	D3
	0.000
	0.042
	-0.072
	0.037
	0.035

	
	All
	0.000
	0.099
	-0.095
	0.042
	0.041














Table 10. Difference statistics between the corrected geometric and modeled geoid heights (unit: m).
	Geoid
model
	GPS/
leveling
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	EIGEN-6C4
(1800+a+t)
	D1
	0.847
	0.948
	0.753
	0.062
	0.849

	
	D2
	R1
	0.880
	1.065
	0.745
	0.087
	0.884

	
	
	R2
	1.000
	1.095
	0.921
	0.059
	1.001

	
	
	R3
	0.915
	1.048
	0.749
	0.106
	0.920

	
	
	R4
	0.949
	1.082
	0.835
	0.065
	0.964

	
	
	R5
	0.954
	0.959
	0.950
	0.006
	0.955

	
	D3
	0.984
	1.044
	0.938
	0.039
	0.983

	
	All
	0.923
	1.095
	0.745
	0.086
	0.927

	GECO
(1800+a+t)
	D1
	0.847
	0.945
	0.768
	0.058
	0.849

	
	D2
	R1
	0.882
	1.088
	0.739
	0.088
	0.886

	
	
	R2
	0.974
	1.014
	0.902
	0.044
	0.975

	
	
	R3
	0.906
	1.022
	0.739
	0.107
	0.911

	
	
	R4
	0.955
	1.069
	0.881
	0.053
	0.957

	
	
	R5
	0.978
	0.985
	0.971
	0.010
	0.978

	
	D3
	0.992
	1.049
	0.944
	0.034
	0.993

	
	All
	0.923
	1.088
	0.739
	0.084
	0.927

	XGM2019e
(1800+a+t)
	D1
	0.864
	0.961
	0.756
	0.058
	0.866

	
	D2
	R1
	0.881
	1.026
	0.734
	0.088
	0.885

	
	
	R2
	0.932
	0.996
	0.856
	0.058
	0.933

	
	
	R3
	0.932
	1.029
	0.723
	0.106
	0.937

	
	
	R4
	0.940
	1.043
	0.769
	0.090
	0.944

	
	
	R5
	0.992
	1.007
	0.977
	0.021
	0.992

	
	D3
	1.002
	1.094
	0.890
	0.056
	1.003

	
	All
	0.924
	1.094
	0.723
	0.089
	0.928

	SGG-UGM-2
(1800+a+t)
	D1
	0.860
	0.931
	0.808
	0.046
	0.861

	
	D2
	R1
	0.889
	1.051
	0.775
	0.072
	0.892

	
	
	R2
	1.018
	1.099
	0.942
	0.055
	1.020

	
	
	R3
	0.924
	1.029
	0.783
	0.079
	0.927

	
	
	R4
	0.965
	1.149
	0.901
	0.069
	0.967

	
	
	R5
	0.870
	0.897
	0.843
	0.038
	0.877

	
	D3
	0.999
	1.057
	0.939
	0.036
	0.999

	
	All
	0.933
	1.149
	0.775
	0.081
	0.936





















[bookmark: _Hlk162185108]Table 11. Difference statistics between the GGM-derived gravity anomalies of degree 1800 (unit: mgal).
	vs. EGM08
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	EIGEN-6C4
	0.17
	27.01
	-21.96
	4.99
	5.00

	GECO
	0.15
	20.37
	-23.10
	4.18
	4.18

	XGM2019e
	0.14
	98.45
	-85.08
	9.08
	9.09

	SGG-UGM-2
	0.20
	66.54
	-74.49
	6.24
	6.24



[bookmark: _Hlk162185217]Table 12. Difference statistics between the GGM-derived geoid heights of degree 1800 (unit: m).
	vs. EGM08
	Mean
	Maximum
	Minimum
	Standard deviation
	RMS

	EIGEN-6C4
	-0.935
	-0.115
	-1.536
	0.176
	0.952

	GECO
	-0.936
	-0.257
	-1.805
	0.163
	0.951

	XGM2019e
	-0.935
	0.546
	-2.466
	0.204
	0.957

	SGG-UGM-2
	-0.940
	0.173
	-1.894
	0.184
	0.958



Table 13. Datasets used in the development of the GGMs (A: altimetry, S: satellite, G: ground data, and T: topography), obtained from the ICGEM (modified from ICGEM).
	GGM
	Year
	Degree
	Data

	EGM08
	2008
	2190
	A, G, S(Grace)

	EIGEN-6C4
	2014
	2190
	A, G, S(Goce), S(Grace), S(Lageos)

	GECO
	2015
	2190
	EGM2008, S(Goce)

	XGM2019e
	2019
	5540
	A, G, S(GOCO06s), T

	SGG-UGM-2
	2020
	2190
	A, EGM2008, S(Goce), S(Grace)



