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1. Abstract

For over 70 years, the National Geographic Institute of Argentina (NGI) has undertaken a systematic project to build benchmarks throughout the country, which have been measured with spirit leveling and
gravimetric techniques.

The first adjustment of this network took place in 1971. This assignment was given to the Defense Mapping Agency of the United States of America (DMA). Leveling lines that were built and measured after the
year 1971 were adjusted to this original network. A new adjustment calculation with modern techniques was needed to update the entire network.

All historical field books were digitalized to retrieve the information corresponding to the spirit leveling, from which it was then possible to calculate geopotential difference between the nodes, using gravity
acceleration values over the benchmarks.Subsequently, by the method of least squares it was possible to calculate the geopotential numbers of the nodes, and then the orthometric height of all the
benchmarks. The recommendations of the Working Group III of SIRGAS (Geodetic Reference System for the Americas) were taken into account in relation to this task.

The development of this paper shows the results that have been obtained so far in the development of the New Height System for Argentina.

2. High Precision Leveling Network A. Leveling circuit example

The following map shows an example of a
leveling circuit:

The national altimetric network is referred to the mean sea level determined by Mar del Plata's tide gauge (1923). Itis
composed of approximately 18,000 benchmarks, in which 82% have gravity acceleration values.

The high precision leveling lines divide the Argentine territory into 158 closed polygons. The network develops along
roads. Thatis the reason for the irregular tracing of polygons (Figure 1).

_26°

NODAL 16

NODAL 167

3. Methodology

The following methodology was applied to obtain the new orthometric height values of the benchmarks:
1. Digitalization fetakisy
The first step was to digitalize the historical field books to retrieve the spirit leveling information.

I1. Geometric heights calculation

Secondly, the geometric closures of all the polygons that compose the High Precision Leveling Network were
calculated (Figure 2).
II1. Geopotencial heights calculation

Subsequently, geopotential heights were calculated from measured gravity values over the benchmarks. For those
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benchmarks that have not been measured with gravimeters, the acceleration values were estimated using PredGrav &
(H.Drewes) software, provided by SIRGAS.
Then, the closure of the polygons was undertaken in terms of geopotential height differences (Figure 3). - 4
IV. Detection of gross errors — e —————————. - ]
After calculating the geopotencial height differences it was possible to analyze the closure of all the polygons, and Figure 1
exclude leveling lines affected by measurement gross errors in relation to the future adjustment (Figure 4). Leveling Line | AH Geom. [m] | AH Orth. [m] |A Poten. fm? /s ]| Distance [m]
V. Adjustment
The least squares method was applied to adjust the leveling network. The matrices were built up using geopotential differences between nodes. :gg T e
The geopotential Datum was established at Mar del Plata's Tide Gauge. N(345) s0oL 555355 6454702 50172
The values of the Weight Matrix was established by the formula Pi=1/Li[m] N(348) -467.176 -467.195 -4573.026 134824
After calculating the adjusted geopotential numbers of the nodes, it was possible to compute the geopotential numbers of all the benchmarks between the £ AH 0.512 485665
nodes. Tolerance 0.066
VI. Orthometric heights computation The accuracy established for high precision
Finally it was possible to derive the geopotencial numbers of all the benchmarks to orthometric heights using the following methods: Free-Air Reduction, leveling lines is:
Remove-Restore Bouguer Reduction, and Hammer Topographic Correction (see B and C).
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