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Abstract: Objectives: Regional height reference frame is usually maintained by geodetic leveling network.
However, leveling observation is characterized by heavy workload, high cost and low efficiency, which
makes the height reference frame quite difficult to maintain, especially in the area of land subsidence. We
present a method to dynamically maintain the regional height reference frame based on the combination of
GNSS (global navigation satellite system) reference station and surface mass loading data aiming to reduce
the workload and cost and improve the timeliness. Methods: In this method, GNSS reference stations are
selected as the core nodes of the regional height reference frame, GNSS observations and surface mass
loading data (land water storage, sea level height and atmospheric pressure) are used to determine the nor-

al height changes and then update the normal heights at these core stations. The normal height change is
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composed of change in geodetic height and height anomaly. The GNSS reference stations are taken as the
core nodes of height control network, geodetic height changes of these stations are obtained by GNSS coor-
dinate time series analysis using least squares method. Height anomaly changes at these stations are computed
using the remove-restore method and local Green’s function integration based on surface mass loading data.
Results: The method is validated using GNSS observations over 8 years at 5 reference stations, surface
mass loading data and multi—session geodetic leveling data in the subsidence area of Beijing. The numerical
results demonstrate that the accuracy of the normal height changes determined from the combination of
GNSS data and surface mass loading data is better than 11 mm, with most stations achieving accuracy bet-
ter than 5 mm. The maximum extrapolation error for one month of normal height changes is 13 mm. Con-
clusions: By applying the height anomaly change corrections that derived from the surface mass loading da-
ta using the remove—compute-restore technique and the Green’s function integral method, the accuracy of
normal height changes can be significantly improved. By selecting the GNSS reference stations with long-

term continuous observations and good data quality as the core stations, the dynamic maintenance of regional

height reference frame can be realized.

Key words: GNSS reference station; height reference frame; land subsidence; surface mass loading
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K2 GNSSEEHHBREREZNSEIT/mm
Table 2 Statistics of Height Anomaly Changes at GNSS

Reference Stations/mm

GNSSH:fEnT R woME VI ek
X1J1 5.2 —6.9 —1.0 3.4
NLSH 5.5 —6.3 —05 3.2
CHPN 5.5 —6.5 —0.6 3.3
CHAO 5.3 —6.6 —038 3.3
DSQI 5.4 —6.4 —0.5 3.2
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Table 3 Accuracy Validation of Normal Height Changes at X1JI Station/mm

5 2% I i B Ah AH AH, O, Ah— AH, AH — AH, %
2012—2016 4F —31.3 —33.1 —44.0 6.5 12.7 10.9 14.2
2012—2017 4F —40.2 —4138 —53.0 7.3 128 11.2 125
2012—20184F —54.3 —56.9 —67.0 7.2 12.7 10.1 20.5
2012—20194F —67.6 —69.4 —74.0 7.4 6.4 4.6 28.1
2012—2020 4F —84.8 —88.6 —85.0 6.5 0.2 —36
2012—2021 4F —79.6 —86.8 —97.0 6.6 174 10.2 414
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R4 NLSHEEESZEUHBERIEER/mm
Table 4  Accuracy Validation of Normal Height Changes at NLSH Station/mm

1R 22 I 18] B Ah AH AH, Oam, Ah— AH, AH— AH, /%
2012—2016 4F —134.4 —135.4 —138.0 5.5 3.6 2.6 27.8
2012—2017 4F —163.3 —164.8 —162.0 5.7 —1.3 —2.8
2012—20184F —174.1 —179.2 —177.0 5.1 2.9 —2.2 24.1
2012—20194F —161.5 —164.7 —164.0 5.1 2.5 —0.7 72.0
2012—2020 4% —151.0 —151.8 —156.0 5.0 5.0 4.2 16.0
2012—20214F —146.3 —152.8 —153.0 5.5 6.7 0.2 97.0

RS CHPNHEESEUBERIELER/mm
Table 5 Accuracy Validation of Normal Height Changes at CHPN Station/mm

1o 25 I [R] B AR AH AH, O, Ah— AH, AH— AH, I/'%
2016—2017 4F —17.9 —11.5 —2.0 4.0 —15.9 —9.5 40.3
2016—2018 4F —12.8 —8.8 —2.0 3.7 —10.8 —6.8 37.0
2016—2019 4F —5.4 —4.3 —2.0 3.7 —3.4 —2.3 32.4
2016—2020 4F 4.5 4.3 —1.0 3.5 5.5 5.3 3.6
2016—2021 4 —1.1 —6.4 —4.0 3.5 2.9 —2.4 17.2

R6 CHAOHEESTURBERIELER/mm
Table 6 Accuracy Validation of Normal Height Changes at CHAO Station/mm

e 25 I A B Ah AH AH, N Ah— AH, AH— AH, /%
2016—2017 4F —31.2 —32.0 —32.0 6.8 0.8 0.0 100.0
2016—2018 4 —66.2 —65.2 —63.0 6.8 —3.2 —2.2 31.3
2016—2019 4 —86.7 —87.0 —87.0 6.0 0.3 0.0 100.0
2016—2020 4% —111.6 —110.8 —104.0 6.0 —7.6 —6.8 10.5
2016—2021 4F —110.4 —111.7 —114.0 6.6 3.6 2.3 36.1

R7 DSQIHEETEUEERIELR/mm
Table 7 Accuracy Validation of Normal Height Changes at DSQI Station/mm

T 25 I ) B Ah AH AH, Oam, Ah— AH, AH — AH, /%
2017—20184F —59.4 —59.9 —61.0 5.3 1.6 1.1 31.3
2017—20194F —102.2 —101.6 —100.0 5.3 —2.2 —1.6 27.3
2017—2020 4F —120.4 —120.8 —130.0 5.0 9.6 9.2 4.2
2017—2021 4 —134.5 —140.7 —146.0 5.1 11.5 5.3 53.9
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