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Table 2. Daily GNSS Data Processing Parameters and Settings in Bernese 5.2 
Parameter Setting Input data 

Observation type 

GNSS carrier phase. Pseudo-range is used only for 

receiver clock synchronization and ambiguity 

resolution, and for linear combinations. 

RINEX Observation files (.obs): 

GPS station of RRFZ network, IGS 

station. 

Elevation cutoff angle 
10°; observation weighting dependent on satellite 

elevation (cosz). 
 

Data sampling rate 30 seconds in the final solution.  

Observation modeling 
Ionosphere-free linear combination to eliminate 

first-order ionospheric delay. 
GNSS dual-frequency phase data 

Antenna phase center 

corrections 
Absolute Phase Center Correction (APC) 

ANTEX files (igs20.atx) 

 

Tidal corrections 
- Solid Earth tides. 

- Ocean loading: FES2004 model. 

IERS2010XY.SUB 

IAU2000R06.NUT 

http://ftp.aiub.unibe.ch/BSWUSER5

2/GEN/ FES2004 Model Data 

http://froste.oso.chalmers.se/loading/ 

Orbit and Earth Rotation 

Parameters (ERPs) 

Final IGS precise orbits (GPS) and ERPs from 

CODE. 

IGS Final Orbit (sp3) & ERP files. 

https://cddis.nasa.gov/archive/gnss/p

roducts 

http://ftp.aiub.unibe.ch/CODE 

Ionospheric delay handling 

- First-order ionospheric delay is eliminated using 

the ionosphere-free L1/L2 linear combination. 

- Regional ionospheric maps are used to enhance 

ambiguity resolution in the Quasi-Ionosphere-Free 

(QIF) method, as well as in L5/L3 and L1/L2 

combinations. 

COD***.ION 

http://ftp.aiub.unibe.ch/CODE 

Ambiguity resolution 

Ambiguities are resolved per baseline: 

-Quasi-Ionosphere-Free (QIF) method (2000 km). 

- Wide-lane phase-based method (< 200 km). 

 

Tropospheric delay 

modeling 

- Dry GMF model (used as an a priori model). 

- Zenith total delay (ZTD) is estimated hourly for 

each station using wet GMF. 

- Horizontal tropospheric gradient estimated daily 

for each station following the Chen-Herring 

model. 

VMF***.GRD 

https://vmf.geo.tuwien.ac.at/trop_pr

oducts/GRID/2.5x2/VMF1/ 

Reference frame ITRF2008 
ITRF2008.CRD, ITRF2008.VEL, 

ITRF2008.FIX 

 
To evaluate positional accuracy, we used 

the Weighted Root Mean Square (WRMS) of 
the coordinate components (Larson and 
Agnew, 1991; Fotiou et al., 2006), which 
reflects the repeatability of measurements at 
each station within each campaign. The 

WRMS is computed as follows (1): 

            𝑊𝑟𝑚𝑠𝑁,𝐸,𝐻 = √
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  is the weighted mean of

the observations yi, yᵢ is the i-th observation, n 

is the number of independent values, and σᵢ is 

the standard deviation of the i-th observation 

We also assessed the accuracy of the 

baseline lengths using the model introduced 

by Savage et al. (1995) (2): 

𝜎𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = √(𝑎2 + 𝑏𝐿2)      (2)  

where a is the fixed error term (independent of 

baseline length), b is the scale-dependent error 

term, L is the baseline length, and 𝜎𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 is 

the baseline uncertainty. The results are 

presented in Table 3. 
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general East-Southeastward motion across the 

study area, with an average velocity 

magnitude of 32.65±0.4 mm/year in the 

ITRF2008 reference frame. This trend is 

consistent with previous studies on tectonic 

movements in the region (Simons et al., 2007; 

Hai et al., 2016). The velocity uncertainty 

ellipses indicate relatively high and spatially 

uniform precision across the network. The 

horizontal velocity uncertainties in both the 

East and North components at most stations 

are 0.4–0.5 mm/year, suggesting reliable 

results. All velocity components VE and  

VN in the ITRF2008 frame have  

minimal uncertainties (±0.4–0.5 mm/yr), 

corresponding to a confidence level of about 

95%. The VE component is slightly more 

reliable due to its larger magnitude, resulting 

in a smaller relative error. Therefore, the GPS 

velocities in ITRF2008 are highly reliable for 

analyzing block motion and comparing with 

Euler rotation models. 

Table 4. Summary of Absolute Displacement Results of the RRFZ - GNSS Network Using Bernese 5.2 

Software (ITRF2008) 

TT Station Lon Lat 

VE 

ITRF 

2008 

(mm) 

dVE 

Simons 

(mm) 

dVE 

Satrio 

(mm) 

dVE 

Ming 

(mm) 

VN 

ITRF 

2008 

(mm) 

dVN 

Simons 

(mm) 

dVN 

Satrio 

(mm) 

dVN 

Ming 

(mm) 

1 DOI 105.201 21.677 32.22±0.4 -2.93 -2.06 -0.42 -10.09±0.4 -1.85 -3.79 -0.95 

2 HUN 105.329 21.361 31.35±0.5 -3.74 -2.85 -1.24 -9.46±0.4 -1.16 -3.1 -0.28 

3 LAN 104.766 21.598 30.73±0.4 -4.43 -3.55 -1.92 -8.23 ±0.4 -0.16 -2.12 0.77 

4 LAP 105.032 21.383 30.89±04 -4.22 -3.33 -1.72 -8.28±0.4 -0.1 -2.05 0.8 

5 NAM 104.457 21.690 30.83±0.4 -4.37 -3.48 -1.85 -6.15±0.4 1.79 -0.18 2.75 

6 NTH 105.186 21.474 31.54±0.4 -3.58 -2.69 -1.07 -9.54±0.4 -1.3 -3.24 -0.41 

7 SOC 105.826 21.307 31.16±0.4 -3.89 -3 -1.39 -8.25±0.4 0.25 -1.67 1.09 

8 SON 105.181 21.191 30.43±0.5 -4.63 -3.73 -2.15 -10.23±0.4 -1.99 -3.93 -1.1 

9 VUA 105.015 21.610 31.61±0.4 -3.54 -2.66 -1.03 -8.32±0.4 -0.15 -2.1 0.76 

10 XUY 105.738 21.848 32.76±0.4 -2.4 -1.54 0.13 -12.55±0.4 -4.09 -6.01 -3.24 

 

The azimuths of displacement  

vectors (ranging from N101° to N111°)  

show minor differences among stations. Still, 

the dominant movement direction remains 

East-Southeastward (Fig. 2). For tectonic 

analysis, the GPS stations are grouped into two 

clusters representing the South China Block 

(XUY, DOI, SOC) and the Sundaland Block 

(NAM, LAN, LAP, SON). This classification is 

based on the stations' geographic locations and 

regional geological structures: DOI, SOC, and 

XUY are located in the Northeastern part of the 

study area, belonging to the SC block, while 

NAM, LAN, LAP, and SON are situated in the 

Southwestern part, closer to the Sundaland 

margin. The analysis reveals that the average 

velocity magnitude of the SC group 

(~33.7 mm/year) is slightly higher than that of 

the SU group (~31.8 mm/year). The velocity 

difference of ~2 mm/year between the two 

blocks reflects a small but measurable 

divergence in absolute motion. 

The values dVE Simons (mm), dVE Satrio 

(mm), and dVE Ming (mm) in Table 4 

represent the deviations in the horizontal 

velocity component (in the East direction, VE) 

between the actual GPS observations in the 

ITRF2008 reference frame and the theoretical 

velocities predicted by the respective Euler 

pole models of Simons et al. (2007), Satrio et 

al. (2024), and Minghao et al. (2019). 

In other words, these values indicate the 

discrepancy between model predictions and 

actual measurements of the East velocity 

component, thereby reflecting the degree of fit 

and each model's ability to describe tectonic 

motion in the study area. 
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