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Abstract 
In the North area of Vietnam, the crustal movement velocity of 38 GNSS points belonging to different international 
Earth reference frames (ITRF2000, ITRF2005, ITRF2008) is adjusted to the international Earth reference frame 
ITRF2020. This is the latest frame up to now. Since then, the picture of crustal movement in the North area of Vietnam 
has been unified in a dynamic coordinate system. In the study area, the rate of crustal movement is about 35 mm/year, and 
the direction of displacement is from northwest to southeast. To build a model of the crustal movement of the Earth in the 
northern area of Vietnam, the movement velocity data of 38 stations in ITRF2020 is evaluated with high accuracy. All 
points are also satisfactory. And then, the crustal movement velocity model is built by using the collocation method in the 
form of the 3-order Markov function. Within 38 stations, 34 stations are used to build the model and 4 remaining stations 
are used as checked stations. The obtained results show that the Earth's crust movement velocity model has an accuracy of 
about 2 mm/year for movement velocity and 2 deg for movement direction. This is the first model of Earth's crust move-
ment in the North of Vietnam that has been built in the latest dynamic coordinate system ITRF2020. These results have 
important significance in the research and practical application of the movement of the Earth's crust. The steps of building 
the movement velocity model in this study can be applied to other experimental areas in the territory of Vietnam.   
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Introduction 
The Global Navigation Satellite System (GNSS) is being widely used in the world to monitor the 

deformation of the Earth’s crust [1-3] and has supported forecasting and warning earthquakes [4-6] 
tectonic movement [7-9]. During the processing of GNSS station location time series, the time series 
of GNSS coordinates is used to model the movement of the Earth's crust [10-12]. The use of time series 
in determining the Earth's crust movement through continuous GNSS measurements was conducted 
[13-15]. Similarly, the determination of horizontal movement in the Northwest area of Vietnam's Earth's 
crust is also accomplished through periodic GPS measurements [16, 17]. 

From the 1990s to the present, GNSS technology has been used in Vietnam to study the movement 
of the Earth’s crust. The movement velocity values at the stations defined in the dynamic coordinate 
systems (ITRF94, ITRF2000, ITRF2005, ITRF2008, ITRF2014) are different and inconsistent, making 
it difficult to build a movement velocity model. To build the movement model of the Earth’s crust, we 
transfer the movement velocities of the GNSS stations to the same coordinate system and model them. 
There are two methods for transforming: collect and reprocess all data in a single ITRF; collect veloci-
ties of the stations, along with corrections. The first way, the collecting, and processing of data are very 
complicated and time-consuming [18-20]; the second way, the data processing is fast and more accurate 
[21-23]. In this paper, we use the second one to correct the movement velocities of the GNSS stations 
into one dynamic coordinate system ITRF2020 – the latest version of ITRF, which is more accurate 
than the previous versions [24-26]. The ITRF2020 released in 2021. Transformation parameters be-
tween ITRF2020 and other ITRFs can be found on the website*. And the least-squares collocation 

                                                      
* International Terrestrial Reference Frame (ITRF). URL: https://itrf.ign.fr/en/solutions/transformations (accessed 04.10.2023). 
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method is used to model the movement velocity of the Earth’s crust [27-29]. This is a mathematical 
function with high accuracy and reliability.  

The GNSS stations of various ITRFs in the North area of Vietnam are chosen in this case: 
• the movement velocity in ITRF2000 of GNSS stations which supports studying the Red River 

fault systems, Dien Bien Phu fault, Song Da River fault [30];  
• the movement velocity in ITRF2005 of GNSS stations in Vietnam that participated in the Asia-

Pacific network (PCGIAP) [31];  
• the movement velocity in ITRF2005 of the DGNSS/CORS station that belongs to the military 

coordinate network [32];  
• the movement velocity in ITRF2008 of GNSS stations belong to the geodynamic network on the 

fault zones in the northwestern area of Vietnam, which supported for forecasting of natural hazards. 

Methodology 
The methodology for presenting the construction of the Earth’s crustal velocity model within a 

single international Earth reference frame is outlined as follows: the crustal velocity in various Earth 
reference frames is standardized to a single reference frame; they are examined and, these crustal 
velocity values are mathematically modelled using a mathematical function. 

Velocity transfer between Earth’s frame of reference. The formula to transfer the coordinate in 
the reference system (I) to the reference system (II) at time t has a form as follows [23, 24]: 

( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ;TX t X t T t D t X t R t X t        
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where 
( )X 

 is the coordinate vector of the site in the frame of reference,  ( ) ( )
; ;

T
X X Y Z 

 ; 
( )X 

 is the 

corresponding coordinate vector of that station in the old frame of reference,  ( ) ( )
; ;

T
X X Y Z 

 ; T is the 

translation or displacement vector among frames, T = [T1; T2; T3]
T; D is a different scale; TR is the coordinate 

axis rotation matrix between the two frames of reference; R1, R2, and R3 – are the small rotation angles. 
From the dynamic point of view, T1, T2, T3, R1, R2, R3, and D are considered as functions of time 

and expressed in the linear form. The common symbol of the parameters from i = 1 to 7 first-order 

derivative of i under time 
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where  0βi t  is the value of βi  at time 0t . 

The formula to calculate the transformation velocity between frames of reference is: 
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where  V t  is the coordinate movement velocity vector. 

The matrix of movement velocity converts from VX, VY, VZ into VE, VN, VU [33] 
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where VE, VN, VU are velocities to the east, north and vertical, respectively; φ, λ – are the longitude 
and latitude, respectively. 
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The horizontal movement velocity of a point and arimut angle is calculated by the formulas: 

2 2 ;E NV V V   

arctan .E

N

V
Az

V
  

Evaluation of the range of measurement values. A set of n observed data values V1, V2, …, Vn. 
The average of the observed data is calculated by the formula 

 av

1

;
n

i

i

V V n


    (1) 

the correction number of the observed i value is calculated by the following formula 

 av ;i iv V V     (2) 

the variance is calculated following formula 
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Standard deviation σ is the square root of the variance. The standard deviation is used to evaluate 
the quality of the observed data. The value is frequently chosen to evaluate the quality of the data series 
to be 3σ, which corresponds to the probability of occurrence of the measured series of ~99.73 %. 

Model of movement velocity. Assume that there are two sets of random variables: 
• the set of measurement values l1, l2, ..., lq is represented by a q-dimensional vector 

1 2 ... ;
T

ql l l l     

• the set of signals that needs to determine to be S1, S2, …, Sm, represented by the m-dimensional 
vector 

 1 2 ... .
T

mS S S S  

The best linear estimator of the vector S: 

 
1ˆ .Sl llS C C l    (4) 

The equation (4) is called least squares interpolation or least-squares collocation interpolation. 
To calculate according to this equation, it is necessary to determine the covariance matrices Cll and 
CSl. To determine the parameters of the theoretical covariance function, firstly must calculate the 
experimental covariance values. Call li is the value of point i. 

 The experimental covariance follows the distance of k pairs of points P, Q is calculated by the 
equation: 

 
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1
cov , ;
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C dl dl dl dl
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    

1

1
.
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n 

    

The theoretical covariance function must be chosen from the law of variation of the experimental 
covariance values and the parameters of the theoretical covariance function must be determined using 
the function approximation method. 

In this study, the 3rd-order Markov function is used to establish the movement velocity model 
in the experimental part and it’s direction [34, 35] 



 

 

Journal of Mining Institute. 2025. Vol. 271. P. 120-130 

© Bui Thi Hong Tham, Phi Truong Thanh, 2025 

 

123 

Статья опубликована в открытом доступе по лицензии CC BY 4.0 

 

2

0 2
1 ,

3

S

L
S

S S
C C e

L L

  
   

 
 

where C0 is the parameter of the theoretical covariance function; L is is the relation distance. 

The standard deviation between the theoretical covariance function and experimental covariance 

is calculated in formula 
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where εi is the deviation between theoretical covariance function and experimental covariance of the 

i-th point; k is the number of experimental covariance values following distance. 

The root mean square error of the covariance function at the checked points is calculated 

according to the formula 

2

1RMS ,

m
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i

d

m


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where di is the deviation of the measured value and interpolated value for i-th checked point; m is the 

number of checked points. 

The data in this paper is a dataset of Earth’s crustal movement velocity vectors of 38 GNSS 

stations in the North area of Vietnam which is chosen from the following statistics: 

• the movement velocity in ITRF2000 of 22 GNSS stations which support studying the Red River 

fault systems, Dien Bien Phu fault, Song Da River fault; 

• the movement velocity in ITRF2005 of four GNSS stations in Vietnam which were a part of  

the Asia-Pacific network (PCGIAP); 

• the movement velocity in ITRF2005 of 1 DGNSS/CORS station belongs to the military 

coordinate network; 

• the movement velocity in ITRF2008 of 11 GNSS stations that are part of the Ministry of Natural 

Resources and Environment's project in Vietnam, which aims to establish a seismic geodetic network 

in the faulted areas of Northern Vietnam to support natural disaster prediction. 

Results 

The building of the absolute movement velocity model of the earth’s crust is implemented ac-

cording to the steps follows. 

Step 1 – unify the movement velocity of the Earth’s crust in the North area of Vietnam in 

ITRF2020. To build a model of the movement velocity of the GNSS stations in different ITRFs in 

Table 1, the velocities must be unified into one ITRF and are calculated in Table 2. 
 

 Table 1 
 

Coordinates and movement velocity of GNSS stations in the North area of Vietnam 
 

Station φ, deg λ, deg VE, mm/year VN, mm/year  VU, mm/year ITRF 

CAM1 20.999 107.313 34.60 –13.41 32.95 ITRF2000 

SOC1 21.308 105.826 32.88 –11.94 –1.84 ITRF2000 

XUY0 21.849 105.738 34.95 –12.46 0.53 ITRF2000 

TAM2 21.455 105.638 32.42 –12.24 –0.60 ITRF2000 

BAV1 21.097 105.373 32.14 –11.08 –1.28 ITRF2000 

OAN0 21.853 105.336 33.49 –11.85 –14.02 ITRF2000 
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End of Table 1 

Station φ, deg λ, deg VE, mm/year VN, mm/year  VU, mm/year ITRF 

HUN1 21.361 105.330 33.14 –11.69 –5.24 ITRF2000 

DOI0 21.677 105.202 33.66 –11.83 –10.47 ITRF2000 

NTH0 21.475 105.186 33.27 –12.23 –10.70 ITRF2000 

SON1 21.191 105.181 32.80 –12.13 –3.73 ITRF2000 

HOA1 20.864 105.178 33.90 –11.34 –2.75 ITRF2000 

LAP1 21.384 105.033 32.92 –12.47 –4.99 ITRF2000 

NAM0 21.691 104.458 35.09 –12.04 3.23 ITRF2000 

MON1 21.189 104.245 32.43 –13.44 –1.05 ITRF2000 

NOI1 21.131 104.172 33.03 –12.08 –4.40 ITRF2000 

NAD2 20.984 104.167 32.36 –12.13 –10.19 ITRF2000 

LOT1 21.203 104.064 33.45 –13.56 –6.17 ITRF2000 

QTA2 21.306 103.943 33.91 –12.52 –9.63 ITRF2000 

NGA1 22.268 103.242 39.12 –9.74 12.09 ITRF2000 

HAM1 21.931 103.236 32.87 –10.47 15.33 ITRF2000 

DON1 22.131 103.051 35.17 –12.10 15.17 ITRF2000 

LEM1 21.792 103.029 34.83 –11.12 11.92 ITRF2000 

DIEB 21.428 103.005 26.98 –9.60 3.92 ITRF2005 

DOSN 20.694 106.795 27.35 –7.99 16.64 ITRF2005 

NT01 20.668 106.814 36.00 –11.72 7.54 ITRF2005 

QT01 21.403 103.029 29.92 –10.32 –19.98 ITRF2005 

MCRS 21.526 107.968 30.80 –7.80 –1.80 ITRF2005 

C004 21.926 103.238 37.58 –12.34 –14.60 ITRF2008 

C014 20.147 105.136 35.94 –11.75 –9.85 ITRF2008 

C022 21.029 104.312 30.04 –10.72 –7.04 ITRF2008 

C033 21.549 104.036 34.70 –10.05 –15.56 ITRF2008 

C045 21.119 104.982 31.79 –9.92 –29.24 ITRF2008 

C049 22.225 104.445 39.34 –12.15 –26.71 ITRF2008 

C052 21.636 104.787 34.08 –13.86 –30.45 ITRF2008 

C056 20.880 105.497 31.55 –11.38 15.31 ITRF2008 

C065 21.810 105.438 36.46 –13.50 –18.32 ITRF2008 

C070 21.930 106.794 31.40 –12.91 8.97 ITRF2008 

C075 20.988 106.816 34.68 –13.68 7.82 ITRF2008 

 
 Table 2 
 

Movement velocity of GNSS stations in ITRF2020 
 

Station VE, mm/year VN, mm/year VU, mm/year V, mm/year Az, deg 

CAM1 34.70 –11.83 32.89 36.66 108.8 

SOC1 32.98 –10.36 –1.90 34.57 107.4 

XUY0 35.05 –10.89 0.49 36.70 107.3 

TAM2 32.52 –10.67 –0.65 34.22 108.2 

BAV1 32.24 –9.50 –1.34 33.61 106.4 

OAN0 33.59 –10.28 –14.06 35.12 107.0 

HUN1 33.24 –10.11 –5.30 34.74 106.9 

DOI0 33.76 –10.26 –10.52 35.28 106.9 

NTH0 33.37 –10.66 –10.75 35.03 107.7 

SON1 32.90 –10.55 –3.79 34.55 107.8 
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End of Table 2 

Station VE, mm/year VN, mm/year VU, mm/year V, mm/year Az, deg 

HOA1 34.00 –9.72 –2.99 35.36 106.0 

LAP1 33.02 –10.89 –5.05 34.77 108.3 

NAM0 35.19 –10.47 3.18 36.71 106.6 

MON1 32.53 –11.86 –1.11 34.62 110.0 

NOI1 33.13 –10.50 –4.47 34.75 107.6 

NAD2 32.46 –10.55 –10.26 34.13 108.0 

LOT1 33.55 –11.98 –6.23 35.62 109.7 

QTA2 34.01 –10.94 –9.69 35.72 107.8 

NGA1 39.22 –8.17 12.05 40.06 101.8 

HAM1 32.97 –8.90 15.28 34.15 105.1 

DON1 35.27 –10.53 15.13 36.81 106.6 

LEM1 34.93 –9.55 11.87 36.21 105.3 

DIEB 27.25 –9.75 3.85 28.94 109.7 

DOSN 27.61 –8.15 16.58 28.79 106.4 

NT01 36.26 –11.87 7.49 38.15 108.1 

QT01 30.18 –10.47 –20.06 31.95 109.1 

MCRS 31.00 –7.93 –1.89 32.00 104.3 

C004 37.55 –12.47 –14.74 39.57 108.4 

C014 35.92 –11.88 –9.98 37.83 108.3 

C022 30.01 –10.84 –7.18 31.91 109.9 

C033 34.68 –10.18 –15.69 36.14 106.4 

C045 31.76 –10.05 –29.37 33.31 107.6 

C049 39.31 –12.28 –26.85 41.18 107.3 

C052 34.05 –13.99 –30.58 36.81 112.,3 

C056 31.53 –11.51 15.17 33.56 110.1 

C065 36.43 –13.63 –18.46 38.90 110.5 

C070 31.37 –13.04 8.83 33.98 112.6 

C075 34.65 –13.81 7.69 37.30 111.7 

 

The calculated results in Table 2 show that the magnitude values and azimuth of the horizontal 

movement velocity vectors of the GNSS stations are quite uniform. These vectors tend to move in 

the northwest – southeast direction (Fig.1). This is a necessary condition to calculate the experimental 

covariance at different distances for applying the least-squares collocation method. 

Step 2 – evaluate V and Az. The data in Table 2 shows that some stations which have different 

movement velocities from the general trend of stations in the experimental area need to be evaluated 

before using them to build a velocity model of the absolute movement of the Earth’s crust. 

The average velocity and of the GNSS stations from formula (1) is: 

38

1

38 35.26 mm/year;av i

i

V V


   

38

1

38 107.9 deg.av i

i

Az Az


   

Call iv , 
iAzv to be the correction for the i-th velocity and azimuth. These values are calculated 

according to formula (2) and presented in Table 3. 



 

 

Journal of Mining Institute. 2025. Vol. 271. P. 120-130 

© Bui Thi Hong Tham, Phi Truong Thanh, 2025 

   

126 

Статья опубликована в открытом доступе по лицензии CC BY 4.0  

 
 Table 3 
 

Deviation of velocity and azimuth at stations  

with their corresponding average values 
 

Station vi, mm/year ,
iAzv  deg Station vi, mm/year ,

iAzv  deg 

CAM1 –1.40 –0.9 HAM1 1.11 2.8 

SOC1 0.69 0.5 DON1 –1.55 1.3 

XUY0 –1.44 0.6 LEM1 –0.95 2.6 

TAM2 1.04 –0.3 DIEB 6.32 –1.8 

BAV1 1.65 1.5 DOSN 6.47 1.5 

OAN0 0.14 0.9 NT01 –2.89 –0.2 

HUN1 0.52 1.0 QT01 3.31 –1.2 

DOI0 –0.02 1.0 MCRS 3.26 3.6 

NTH0 0.23 0.2 C004 –4.31 –0.5 

SON1 0.71 0.1 C014 –2.57 –0.4 

HOA1 –0.10 1.9 C022 3.35 –2.0 

LAP1 0.49 –0.4 C033 –0.88 1.5 

NAM0 –1.45 1.3 C045 1.95 0.3 

MON1 0.64 –2.1 C049 –5.92 0.6 

NOI1 0.51 0.3 C052 –1.55 –4.4 

NAD2 1.13 –0.1 C056 1.70 –2.2 

LOT1 –0.36 –1.8 C065 –3.64 –2.6 

QTA2 –0.46 0.1 C070 1.28 –4.7 

NGA1 –4.80 6.1 C075 –2.04 –3.8 
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 Fig.1. Map of Earth’s crustal movement velocity of GNSS stations in northern area of Vietnam  

in ITRF2020 (the GNSS stations is located at the positions belong to stable geological block  

along the fault zone) 
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The standard deviation of the observed data series is calculated from the formula (3): 

38
2

1

σ 37 2.62 mm/year;V i

i

v


    

38
2

1

σ 37 2.1 deg.
iAz Az

i

v


    

Thus, the probability of occurrence of movement velocity value of GNSS stations in the range 

of (35.26 – 3) and (35.26 + 3), respectively from 27.40 mm/year to 43.12 mm/year, and their 

movement directions at GNSS stations are in the range of (107.9 – 3) and (107.9 + 3), respectively 
from 101.6 deg to 114.2 deg is 99.73 %. When processing data in the next steps, the GNSS station’s 
movement velocity will be eliminated if it is outside the range of values mentioned above. 

The analytical results show that all stations are in the range of values mentioned above, so it is 
used in the next steps. 

Step 3 – build an absolute movement velocity model. In the study area, the 38 GNSS stations are 
used for experimental calculations. Among these stations, 04 stations OAN0, LOT1, C075, and QT01 
are used to test the accuracy of the model but they are not used to build the model. The modeling of 
movement velocity of GNSS stations is implemented by the least-squares collocation method of the 
3rd-order Markov function. During the data processing, the characteristic parameters of the function 
are determined. The model of movement velocity of the northern area of Vietnam is expressed under 
a 3rd-order Markov function: 
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The standard deviation between the theoretical covariance function and the experimental 
covariance of the movement velocity value and their movement direction calculated according to 
formula (5) is ±0.44 mm2 and ±0.9 deg2, respectively. The graphs of Fig.2 show that the value and 
direction of the movement velocity calculated by the theoretical covariance function match the 
experimental covariance function. 

The value of movement velocity of the tested stations in the study area is interpolated. The comparison 
of these values with their respective values in Table 2 will be obtained from the deviations in Table 4. 

 The information in Table 4 provides details about the values of velocity deviation for the 
checked GNSS stations. The highest deviation is 1.94 mm per year, the lowest is 0.17 mm per year. 
These deviation values are quite small when compared to the average movement velocity of about  
35 mm per year in the studied region. 

In Table 4, the results show that the deviation of the azimuth of measured values and interpolated 
values at checked GNSS stations is not large. 
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 Fig.2. Graph of 3rd-order Markov function of the movement velocity (a) and movement direction (b) 
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 Table 4 
 

The determined value of movement velocity and value of azimuth of tested GNSS stations 
 

Station 
Value of movement velocity, mm/year Value of azimuth, deg 

V Vm
* Deviation Az Azm

*
 Deviation 

OAN0 35.12 35.29 –0.17 107.0 107.5 –0.5 

LOT1 35.62 35.41 0.21 109.7 108.7 1.0 

C075 37.30 35.36 1.94 111.7 109.8 1.9 

QT01 31.95 31.20 0.75 109.1 108.5 0.6 

 
                           * Movement velocity calculated from the model. 

 

From Table 4, the mean square error of velocity and their movement direction at the checked 

stations are ±1.05 mm/year and ±1.1 deg, respectively. This comparison indicates that the movement 

velocity model and their direction are established for the northern area of Vietnam, using the 3rd-order 

Markov function as described in formulas (6) and (7).  

Discussions 
The northern part of Vietnam has a complex tectonic setting, dominated by active faults such as 

the Red River fault, Chay River fault, Lo River fault – all of them belong to the Red River fault 
system, Dien Bien Phu fault, Da River fault, and Son La fault. The Red River fault plays the most 
important role in this area, as it divides the study area into two tectonic structures: the Northwestern 
and Northeastern. Up to now, the Earth’s crustal movement in the northern part of Vietnam has been 
measured using GPS technology along active fault zones [16, 36]. 

The results of monitoring using GPS stations on the territory of Vietnam and adjacent areas have 
shown the movement of these stations in the northwest – southeast direction [16, 31]. The decrease 
in movement velocity from west to east of the northern GPS stations (Lang, Bach Long Vi, and Hai 
Nam) has indicated that the gulf of Tonkin area is currently compressed in the sub-latitude direction 
or East-Southeast direction. This stress field is unfavourable for the active extension fault system in 
the sub-meridian, as well as the strike-slip fault in the northwest – southeast. 

In 2013, the movement velocity of the Red River fault was determined to be 34.5 ± 1 mm/year 
to the east and 12 ± 1 mm/year to the south through the analysis of GPS data. This data was obtained 
from 27 stations in the northern region of Vietnam between 1994 and 2007 using the 
GAMIT/GLOBK software [30]. At the same time, the horizontal movement velocity of 22 GPS sta-
tions in the northwest area of Vietnam, in the ITRF2008 coordinate system, from 2001 to 2012 was 
determined using Bernese version 5.0 software, and it was found to be 34.3 ± 0.7 mm/year [16]. 

In 2016, the absolute movement in the southern area of the Red River fault zone (Viet Tri – 
Hanoi) was calculated using data from Thac Ba stations, Tam Dao – Ba Vi, as well as measurements 
taken in the years 2013 and 2015. This analysis was conducted using Bernese 5.0 software, and the 
average value was approximately 34 mm/year [17]. 

In 2020, the velocity of Earth's crust movement at 06 stations (MTEV, MLAY, DBIV, TGIV, 
SMAV, SLAV) in the northwest area of Vietnam, as well as at 01 PHUT station (Hanoi), was calculated 
using GAMIT/GLOBK [36]. The determined Earth's crust movement velocities for these stations are 
as follows: 34.10 ± 0.71 mm/year (DBIV), 34.31 ± 0.65 mm/year (PHUT), 34.51 ± 0.75 mm/year 
(SMAV), 34.55 ± 0.80 mm/year (MLAY), 34.80 ± 0.72 mm/year (TGIV), 34.93 ± 0.99 mm/year 
(SLAV), and 35.59 ± 0.73 mm/year (MTEV). These results are consistent with the current tectonic 
setting in Southeast Asia, which is moving southeastward due to the collision of the Indian subcontinent 
into the Eurasian plate. 

In 2022, the stations within the VNGEONET network have been determined for their absolute 
velocity of displacement on the Earth's crust using the GAMIT/GLOBK software. In general, these 
stations all tend to move in the southeast direction, with respective absolute displacement velocities: 
MCAI = 34.42 mm/year, SDON = 36.09 mm/year, HYEN = 32.87 mm/year, CPHU = 32.98 mm/year, 
TQUA = 33.95 mm/year, and MGTE = 34.46 mm/year [37]. 
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The Earth's crustal movements of GNSS stations in the North area of Vietnam are corrected 
using the least-squares collocation method with a 3rd order Markov function, achieving an accuracy 
of about 2 mm/year in ITRF2020 for movement velocity and about 2 deg for movement direction. 
The determination of data in one dynamic coordinate system has formed a comprehensive picture of 
the Earth's crustal movement in the North area of Vietnam within a uniform framework. The move-
ment velocity of the Earth's crust is ~35 mm/year in the northwest-southeast direction, which coin-
cides with previous research results in the northern area of Vietnam, confirming the accuracy of the 
data correction from ITRF2000, ITRF2005, and ITRF2008 to ITRF2020. 

Conclusions 
The study involved the transformation of movement velocity data from 38 GNSS stations across 

various dynamic coordinate systems, namely ITRF2000, ITRF2005, and ITRF2008, into a single 
unified coordinate system known as ITRF2020. This transformation was achieved using parameters 
provided by the ITRF. 

The analysis revealed that the movement velocity of these stations exhibited a change of  
~35 mm/year, primarily in a direction from the northwest to the southeast. Among these stations, 34 were 
utilized to construct models for the movement of the Earth's crust, while the remaining four stations – 
OAN0, LOT1, C075, and QT01 – were reserved for testing and evaluating the accuracy of the models. 

The research employed the least-squares collocation method to establish a model for the move-
ment of the Earth’s crust in the northern region of Vietnam. This model exhibited a high accuracy 
level, with a precision of about 2 mm/year. 

This study marked the first time that a highly accurate Earth’s crust movement velocity model 
was developed in Northern Vietnam using the latest dynamic coordinate system. The methodology 
employed in creating this precise crustal movement model holds potential applicability to other re-
search domains with similar data sets. This achievement bears great importance in advancing the 
understanding and practical applications of modern Earth's crust movement. The outcomes of this 
research serve as a crucial data source that contributes to the establishment and utilization of the 
dynamic coordinate system within Vietnam.   
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