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ABSTRACT

CEL G RE T Mo) Jea\FH Vertical Skewness is a prevalent anomaly in the field of geodetic
Received: 03 February 2024  science, which arises due to the displacement of the vertical component on the geoid at various

Reviewed: 08 April 2024 locations. This discrepancy directly impacts both horizontal and vertical angles that are observed,

Revised: 10 June 2024 and indirectly influences measurements of lengths. When considering the adjustment of length

Accepted: 15 August 2024 conversions to the horizon, this phenomenon is adequately represented by vertical angles.
Consequently, vertical angles assume a significant role in ameliorating the effects of geoid updrafts
and ensuring the precision of length determinations.

KEYWORDS: The occurrence of refraction exerts a substantial influence on observations of angles. This impact,
Vertical Skewness particularly on the vertical angle, possesses a considerable magnitude that gives rise to a substantial
Occurrence of Refraction discrepancy when adjusting the transformation of lengths to the horizon. A prevalent approach
Topocentric Coordinate employed to mitigate the influence of refraction involves the simultaneous measurement of vertical
System angles in both directions at two distinct endpoints of equivalent distances.

Geocentric Coordinate M There exist two primary categories of coordinate system commonly employed to express
System the positions of points in geodesy. These categories are known as the geocentric coordinate system,

which centers on the Earth, and the topocentric coordinate system, which also centers on the Earth.
In the geocentric coordinate system, the origin of the coordinates coincides with the Earth's center

* Corresponding author of gravity, and the z-axis is defined in alignment with the Earth's epoch axis. On the other hand, in
&2 m.shirazian@sru.ac.ir the topocentric coordinate system, the origin of the coordinates corresponds to a specific point on
® (+98910) 9261989 the Earth's surface, namely the location of the camera. Furthermore, the z-axis in this coordinate

system corresponds to the surface of the parallel potential passing over the aforementioned point
where the camera is situated, also known as the line of work passing over the point.

Geodetic measurements of both horizontal and vertical angles are conducted within topocentric
coordinate systems. As indicated, the prevailing technique for mitigating the impact of refraction on
vertical angles involves simultaneously reading said angles from both the initial and terminal
positions along the lengths. Given that the starting and ending points of the lengths exhibit
dissimilar vertical extensions on the potential surface, the measurement of the vertical angle, and
consequently the correction of the length's conversion to the horizon, are subjected to a significant
degree of error.

The current investigation comprehensively examines this error and its consequential

impacts on the horizontal spacing of points within small-scale geodesic networks. To achieve this
objective, four specific regions in Sweden characterized by accurate geoids were meticulously
chosen, and an elliptical procedure was implemented on the geoid of these regions to determine
the parameters of the geoid surface. Furthermore, the geoid surface was computed.
The findings of this investigation demonstrate that the significance of the skewness of
geoid gauges is evident even in geodetic networks of small-scales, and should not be disregarded. It
is important to consider that the assessment of the magnitude of the skewness effect of geoid
perpendiculars is only feasible in areas where a precise geoid is present. Consequently, it becomes
unfeasible to entirely eliminate this effect when observing vertical angles simultaneously in areas
lacking accurate geoids. Consequently, an alternative approach must be employed to rectify the
conversion to the mile-long horizon. Further examination of this alternative method is presented in
subsequent sections of this scholarly article.
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Table 1: Semi-major axes of the ellipsoids fitted to the four areas of study in Sweden

Jsa>Area a b c
Kebnekaise 6378079.181 6377108.551 6356815.258
Umea 6377953.394 6376673.306 6356860.952
Skovde 6378384.921 6377859.304 6356711.342
Martsbo 6378232.578 6377126.821 6356784.871
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Fig. 1: Study areas in Sweden (red triangles) taken from http://www.maps-of-europe.net/maps-of-sweden
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Table 2: Computed Geoid for the grid-points of the study areas from SWEN17 model

Kebnekaise Umed Skévde Martsbo

¢° N N(m) ¢° N N(m) ¢° N N(m) ¢° N N(m)
67.96 18.56 32.433 63.71 19.74 22.859 57.98 14.46 31.631 60.62514 17.21853 24.827
67.96 18.58 32.409 63.71 19.76 22.803 57.98 14.48 31.610 60.62514 17.23852 24.773
67.96 18.60 32.376 63.71 19.78 22.746 57.98 14.50 31.590 60.62514 17.25852 24.719
67.96 18.62 32.340 63.71 19.80 22.687 57.98 14.52 31.568 60.62514 17.27852 24.665
67.96 18.64 32.305 63.71 19.82 22.634 57.98 14.54 31.547 60.62514 17.29852 24.609
67.95 18.56 32.421 63.70 19.74 22.798 57.97 14.46 31.676 60.61514 17.21853 24.820
67.95 18.58 32.389 63.70 19.76 22.744 57.97 14.48 31.653 60.61514 17.23852 24.767
67.95 18.60 32.361 63.70 19.78 22.684 57.97 14.50 31.631 60.61514 17.25852 24.714
67.95 18.62 32.335 63.70 19.80 22.629 57.97 14.52 31.608 60.61514 17.27852 24.659
67.95 18.64 32.298 63.70 19.82 22.576 57.97 14.54 31.586 60.61514 17.29852 24.604
67.94 18.56 32.396 63.69 19.74 22.738 57.96 14.46 31.719 60.60514 17.21853 24.814
67.94 18.58 32.377 63.69 19.76 22.681 57.96 14.48 31.698 60.60514 17.23852 24.760
67.94 18.60 32.355 63.69 19.78 22.623 57.96 14.50 31.672 60.60514 17.25852 24.706
67.94 18.62 32.326 63.69 19.80 22.570 57.96 14.52 31.647 60.60514 17.27852 24.653
67.94 18.64 32.282 63.69 19.82 22.517 57.96 14.54 31.623 60.60514 17.29852 24.600
67.93 18.56 32.375 63.68 19.74 22.678 57.95 14.46 31.764 60.59514 17.21853 24.807
67.93 18.58 32.363 63.68 19.76 22.620 57.95 14.48 31.742 60.59514 17.23852 24.754
67.93 18.60 32.339 63.68 19.78 22.563 57.95 14.50 31.714 60.59514 17.25852 24.702
67.93 18.62 32.310 63.68 19.80 22.508 57.95 14.52 31.684 60.59514 17.27852 24.648
67.93 18.64 32.256 63.68 19.82 22.454 57.95 14.54 31.659 60.59514 17.29852 24.597
67.92 18.56 32.335 63.67 19.74 22.617 57.94 14.46 31.807 60.58514 17.21853 24.801
67.92 18.58 32.307 63.67 19.76 22.559 57.94 14.48 31.780 60.58514 17.23852 24.749
67.92 18.60 32.286 63.67 19.78 22.501 57.94 14.50 31.750 60.58514 17.25852 24.697
67.92 18.62 32.263 63.67 19.80 22.445 57.94 14.52 31.722 60.58514 17.27852 24.644
67.92 18.64 32.227 63.67 19.82 22.392 57.94 14.54 31.697 60.58514 17.29852 24.593
67.91 18.56 32.295 63.66 19.74 22.555 57.93 14.46 31.849 60.57514 17.21853 24.795
67.91 18.58 32.264 63.66 19.76 22.497 57.93 14.48 31.818 60.57514 17.23852 24.743
67.91 18.60 32.230 63.66 19.78 22.440 57.93 14.50 31.788 60.57514 17.25852 24.693
67.91 18.62 32.207 63.66 19.80 22.383 57.93 14.52 31.760 60.57514 17.27852 24.642
67.91 18.64 32.181 63.66 19.82 22.330 57.93 14.54 31.737 60.57514 17.29852 24.593
67.90 18.56 32.231 63.65 19.74 22.494 57.92 14.46 31.892 60.56514 17.21853 24.792
67.90 18.58 32.206 63.65 19.76 22.436 57.92 14.48 31.858 60.56514 17.23852 24.740
67.90 18.60 32.172 63.65 19.78 22.379 57.92 14.50 31.831 60.56514 17.25852 24.691
67.90 18.62 32.137 63.65 19.80 22.322 57.92 14.52 31.799 60.56514 17.27852 24.641

67.90 18.64 32.115 63.65 19.82 22.269 57.98 14.43 31.659 60.56514 17.29852 24.592
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Table 3: Vertical skewness angles in the study areas

Kebnekaise Umed Skovde Martsbo
Baseline length vertical Baseline length Vertical skewness Baseline Vertical Baseline length Vertical
skewness length skewness skewness
(m) s (m) (@, m’,s") ) . (m) (@ m o1
0837.88 0,0,27.03 0988.77 0,0,31.90 1113.78 0, 0, 36.00 1094.34 0,0,35.31
1115.36 0,0, 36.00 1490.18 0,0,48.11 1625.16 0,0,52.48 1561.87 0,0,50.43
1675.76 0, 0, 54.05 1977.54 0,1,03.81 2227.55 0,1,12.00 2189.22 0,1,10.64
2013.30 0, 1,04.96 2439.03 0,1,18.77 2522.50 0,1,21.50 2482.81 0,1,20.20
2513.64 0,1,21.08 2980.59 0,1,36.23 3250.56 0,1,44.97 3124.37 0, 1,40.89
2790.46 0, 1,30.06 3487.45 0,1,52.63 3544.84 0, 1, 54.55 3517.42 0,1,53.64
3346.07 0,1,48.01 3955.07 0,2,07.61 4095.14 0,2,12.29 3996.34 0, 2,09.08
3532.92 0,1,53.97 4541.38 0,2,26.58 4455.10 0,2,23.99 4519.17 0,2,25.84
4027.21 0,2,09.94 5181.00 0,2,47.26 5045.31 0,2,43.01 4589.46 0,2,2828
4539.55 0,2,26.53 4966.16 0, 2,40.42
5121.86 0,2,45.31
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