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Abstract
Keywords: first-order benchmarks, orthometric height, ellipsoidal
height, geoid model
A. Background and purpose

The elevation results of the first-order benchmarks vary
depending on the measurement methods, including orthometric
heights obtained from leveling measurements and ellipsoidal heights
obtained from satellite positioning measurements. First-order first
level and first-order second level benchmarks orthometric height
results were announced in 2002 and 2003, and updated in 2009,
2016, and 2022 due to plate tectonics.

TWD97 ellipsoidal height results were announced in 2002 and
2003 by static GNSS method. TWD97[2010] ellipsoidal height
results were measured by e-GPS method in 2012, and TWD97[2020]
ellipsoidal height results were measured by static GNSS method
during 2021 and 2022.

Leveling workload is heavy and costs lots of money, but the
accuracy is reaching 0.01 mm. This study tried to effectively save
the costs and labor force by using the velocity field of ellipsoidal
heights of first-order benchmarks to replace leveling measurements
for obtaining orthometric height results.

Additionally, considering that the geoid model for Taiwan were
announced in 2014 by the Ministry of the Interior used a hybrid
method combining orthometric heights and TWD97 ellipsoidal
heights of the first-order benchmarks announced in 2002 and 2003.
This study takes into account the differences between the latest
TWD97[2020] and TWD97 ellipsoidal heights due to changes in the
International Terrestrial Reference Frame and constraints from
international Continuously Operating Reference Station(CORS). The
research employs TWD97[2020] ellipsoidal heights of first-order
benchmarks and the orthometric height results updated in 2022 from
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the first-order benchmarks to build a hybrid geoid model, and
analyzing the impact of ellipsoidal heights in different coordinate
systems on the geoid model.

. Study method and process

To assess the feasibility of using the ellipsoidal height velocity
field as a substitute for leveling measurements to obtain orthometric
height results, the 6-hour static GNSS measurments at approximately
80 evenly distributed first-order benchmarks in Taiwan island from
2015 to 2022 were computed by Bernese to obtain the ellipsoidal
height variations relative to the Kinmen CORS (KMNM) to
established an ellipsoidal height velocity field for the first-order
benchmarks. The orthometric height results of the first-order
benchmarks during the same period were used for validation. To
mitigate the influence of differences in point positions and
observation times on the results, a comparison and analysis were
conducted between the differences in orthometric heights at the same
points and in ellipsoidal heights estimated from the ellipsoidal height
velocity field.

In order to analyze the impact of ellipsoidal heights in different
coordinate systems on the geoid model, the TWD97[2020]
ellipsoidal height results of the first-order benchmarks were
transformed into orthometric heights using the 2014 geoid model for
Taiwan. The transformed orthometric heights were then compared
with the orthometric height results updated in 2022 to estimate the
converting accuracy. Additionally, a hybrid geoid model was built by
combining the TWD97[2020] ellipsoidal height results of the
first-order benchmarks, the orthometric height results updated in
2022, and the gravity-based geoid model used in the 2014 geoid
model for Taiwan. The study aimed to analyze the accuracy
differences in calculating orthometric heights using a hybrid geoid
model based on TWD97 and TWD97[2020] ellipsoidal heights.



C. Important discoveries

The accuracy of leveling is at the millimeter level. The root
mean square error (RMSE) of orthometric height results obtained
from the ellipsoidal height velocity field is 5.9 centimeters. Thus,
using the wvelocity field of ellipsoidal heights of first-order
benchmarks to replace leveling measurements for obtaining
orthometric height results was unsuitable for high precision that
better than centimeter level survey tasks. However, it is suitable for
other applications accuracy requirements ranging from centimeters
to decimeters, such as construction and pipeline surveys.

The TWD97[2020] ellipsoidal height, when transformed into
orthometric height through the 2014 geoid model for Taiwan, has an
RMSE of 5.1 centimeters. However, when using the hybrid geoid
model developed in this study to convert TWD97[2020] ellipsoidal
heights into orthometric heights, the RMSE is reduced to 3.7
centimeters, indicating an improvement in converting accuracy of
approximately 27%. This suggests that the accuracy of converting
ellipsoidal heights to orthometric heights is significantly influenced
by the ellipsoidal height coordinate system.

D. Recommendations

There are 2 recommendations submitted after this study:

1. This study has found that orthometric height results obtained
from the ellipsoidal height velocity field are not suitable for high
precision that better than centimeter level survey tasks. However,
they are applicable for purposes with accuracy requirements
ranging from centimeters to decimeters, such as construction
and pipeline surveys.

Considering the intense and frequent tectonic movements of

Taiwan and the fact that some works still have high precision

that better than centimeter level elevation requirements, it is

recommended to continue conducting regular first-order



benchmark re-leveling. This is crucial to maintain a high
precision elevation system and to provide accurate and precise
orthometric height results for reference and application.

. Currently announced coordinate systems in Taiwan include
TWD97, TWD97[2010], and TWD97[2020]. The results of this
study reveal that the differences in ellipsoidal heights among
different coordinate systems range from -1.4 meters to 1.2
meters. Moreover, the accuracy of converting ellipsoidal heights
to orthometric heights varies significantly, being notably
influenced by the ellipsoidal height coordinate system.

Due to the impact of tectonic movements, different regions in
Taiwan experience distinct changes in surface conditions. To
maintain the relative accuracy between basic control points, the
coordinate system is updated approximately every 10 years.
Therefore, it is recommended that after the announcement of an
updated coordinate system, a hybrid geoid model should be
established using ellipsoidal heights from the updated coordinate
system and orthometric height data measured around the same
time. This ensures the quality of elevation conversion accuracy.
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