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FOREWORD

This report contains an exhaustive study of the past and present mapping
stages in the countries of the Danubian and Adriatic Basing =« still largely
covered by the maps of former K. und k, Military Geographic Institute of
Vienna -- and should serve as a source of valuable information to all agen=
cies concerned with the mapping projects of these countries,

The Austro-Hungarian Empire was surveyed at a time when topographic sur-
veys were based partially on geometry and partially upon art. The topographer,
more an artist than a surveyor, proudly made the map by himself, Therefore the
proverb: "There are plenty of surveyors, but few topographers." Since that
time, considerable changes have occurred in mapping, Photogrammetry, with its
mechanical compilation of maps ~- to which the Military Geographic Institute of
Vienna made such a revolutionary contribution (first mechanical plotting instru-
ment: von Orel's stereoautograph in 1909) =~ eliminated art from topographic
surveying. The maps are no longer produced by ingenmious topographer-artists,
but by a team of specialists composed of triangulators, aerial photographers,
photogrammetrists, topographer-revisors, cartographers, draftsmen, and photo-
lithographers, Consequently, contemporary maps, as the products of the work
of various specialists, include less art, but are a more exact expression of
topography. Since a picturesque map with artistically expressed contents is
not merely more legible, but is also attractive to map readers, and creates
among soldiers, students, and the educated public a passionate admiration for
map use and map reading, art is not eliminated from the production of good
maps, but is merely transplanted from the topographic survey to the fields of
cartography and photolithography.

The author, Andrew M, Glusic, who since 1950 has been translator, cartog-
rapher, mathematician, and geodesist with the Army Map Service, is especially
qualified to report on the mapping in the countries of the Damubian and Adri-
atic Basins. He was born in 1905 in Slovenia, Yugoslavia, attended the scien-
tific high school in Ljubljana, and in 1927 graduated from the Yugoslav Mili
tary Academy in Belgrade., While serving as 2d Lieutenant in Infantry in 1930,
he entered the Military Geodetic School at the Military Geographic Institute
of Yugoslavia, After graduation and completion of practice in 1935, he became
an officer of the Geodetic Service, In 1937 he completed a one-year course of
specialization in photogrammetry. During and after this training, he served
in the Military Geographic Institute as chief of topographic party, chief of
triangulation party, cartographer, photogrammetrist, instructor in photograme=
metry, and acting chief of the Photogrammetric Division, During World War II,
as Lieutenant Colonel, he was chief of staff and acting commander of the Slo=
vene Army of the Yugoslav Armed Forces (Guerrilla of General Milhailovié)., In
1944, he was captured by the Germans and sent to Dachau concentration camp.

He was liberated on 29 April 1945 by the U, S. Armmy, and served until 1950 in
the Headquarters of USAF in Austria as cartographer on special assignments.

A1l "file numbers" to which references are made throughout this Technical
Report are Army Map Service Geodetic Library file numbers,
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MAPPING OF THE COUNTRIES IN DANUBIAN AND ADRIATIC BASINS

A. INTRODUCTION

The history of the European Wars undoubtedly demonstrates the
strategic importance of the Danubian basin and those surrounding
regions through which the main operational routes to the heart of
Europe and vice versa are leading. Using these operational routes
the Roman legions conquered the Balkans, the fierce Langobard and
Hun hordes stabbed deep into Italy, the flood of the Ottoman armies
under Suleymans and Bayazits rushed as far as Vienna, victorious
Napoleonic armies brought freedom to Illyria, and the fiery tongue
of the German dragon on his march - 'Drang nach Osten' twice swept
along the routes leading theough the Danubian basin and Balkans.

Should World War III occur Europe would be the main battle-
field because both the Russian center of gravity (consistering
satellites areas) and U. S. A. strongest (NATO) allies are there
located.

The mountain ranges of the Alps, Tatras, Beskides and
Carpathians would divide the Soviet offensive forces into two parts;
the main force operating on direction Poland-Germany-France and the
southern force which, after rapid seizure of the Central Danubian
(Panonic) basin and domination of the Balkans, with the main spear-
head would proceed through trhe Ljubljana Gate into Italy.

On the other side the Western forces advancing from Italy
and strengthened by landings along the Yugoslav Adriatic coast would
stream into the Panonic basin from which, proceeding through the
Moravian Gate as well as via routes along the Danube and Vltava-
Elbe rivers, would seriously hamper the drive of the main Soviet
forces toward their objectives.

Consequently, the vulnerable Adriatic-Danubian sector repre-
sents the soft underbelly of Europe, seizure of which would cause
disaster for the main forces operating on the route Warszawa-Berlin-
Paris.

Military operations in such an important area evidently require
tactical and operational maps which would be geodetically homogeneous;
topographically would meet contemporary requirements for accuracy,
manner of expression and completeness; and would be cartographically
uniform and highly legible.

The area considered prior to 1918 largely belonged to the Austro-

Hungarian Empire and was after World War I divided among the successor
states. The III and IV topographical surveys of the Austro-Hungarian
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Empire covering the area were neither geodetically homogeneous nor
topographically uniform and do not meet the standards required for
the period after World War I. The successor states after the dis-
integration of the Austro-Hungarian Empire only partially covered
the inherited territories by new topographical surveys of which
each is based on a different geodetic foundation, hence larger parts
of these territories remain covered only by the manuscripts of the
Austro-Hungarian topographical survey and by Austro-Hungarian maps.
Some countries recasted the Austro-Hungarian manuscripts, revised
them in the field, and utilized them in the compilation of the new
national maps. In other countries the revision covered relatively
small areas and the sheets remain in original position without
change of sheet lines; therefore large parts of the considered
territory are still covered merely by the unrevised 1:25,000 manu-
scripts of the III topographical survey (1869-1896) of the Austro-
Hungarian Empire and by partially revised 1:75,000 special maps,
which revision in some areas includes only the main communications
and nationalization of toponymy.

Since the manuscripts of the topographical surveys and the
tactical maps covering the Danubian and Adriatic basins are con-
structed in six various projections belonging to eight different
systems, some of which even within themselves are not geodetically
homogeneous, the present mapping situation of this area, in respect
to diversity of cartographic material (which has to be utilized if
a new uniform tactical map would be compiled), is a very complex one,
(Having once a uniform large scale topographical map it would be
easy by the process of reduction and generalization to obtain the
uniform operational map.)

In the mobile warfare of today and tomorrow there will be
little time for observations., The artillery will have urgent need
for a good tactical map. The present maps referring to various
systems with sheets many times inaccurately positioned and having
large internal inconsistency, with native grids in many cases super-
imposed in disagreement with the coordinates of trig points would be
conducive to great confusion. The sheets obtained by direct repro-
duction of the native sheets of these maps, provided with uniform UTM
grid referring to International ellipsoid and European datum, should
be considered merely a preliminary solution. These sheets can serve
for general orientation as a marching map, but they certainly do not
completely satisfy artillery requirements.

In the area with which we are concerned, we have at present
time a homogeneous geodetic foundation - uniformly adjusted first
order net of the European triangulations. This first order net and
to it adjusted lower order nets utilized in the existing mapping
should be used as a basis in the construction and compilation of
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the new tactical map, and into this homogeneous foundation the
diverse cartographic material covering the Danubian and Adriatic
basins should be fitted.

In order to accomplish this difficult task properly, the
cartographic material which has to be used in the compilation
needs to be carefully evaluated. Since an exact analytical evalu-
ation of the maps, because of lack of the check survey and numerical
records, would be seldom possible, it is essential to have a com-
plete knowledge of the history of how each of these maps was made.
This history should include a critical review of geodetic foundation,
topographical survey with the instruments and methods applied, methods
and techniques used in the compilation and reproduction, and in main-
taining the maps up to date.

The endeavor of this study is to produce such a critical review
of all phases of the mappings of the Austro-Hungarian Empire and of
successor states in the Danubian and Adriatic basins and particularly
to shed new light upon those phases which have not previously been
included into numerous publications discussing these mappings nor
sufficiently clarified; consequently, finally make it clear how
Austro-Hungarian maps and maps produced by successor states can be
utilized in the compilation of a new topographical map more nearly
approaching the requirements of modern military mapping.
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B. TOPOGRAPHICAL SURVEYS OF AUSTRO-HUNGARIAN EMPIRE

Private topographic and cartographic activities in the Austro-
Hungarian Empire started in the middle of the XVI century. Meanwhile,
the order to survey all of Hapsburg's provinces issued in 1763 by
the Queen-Empress Maria Theresia should be considered as the beginning
of the official topographical survey and cartography.

The official topographical activities in the former Austro-Hungarian
Empire may be divided into four periods having distinct differences
in geodetic foundation used, in projection, in method of survey, and
in the accuracy of topo plans produced. Special attention will be
given to the topo surveys producing original plane table sheets rather
than to maps compiled from condensed plane table sheets, It should
be mentioned also that topographical surveys III and IV provided the
latest coverage of the Empire's territory.

I. The First Topographical Survey 1763 - 87 (Josephinishe Aufnahme).

1. Geodetic foundation: Liesganig triangulation with attached
triangulations of which some were executed graphically,
There was no methodical geodetic survey on which the topo-
graphical survey could be based,

2. Topographical Survey: Not uniform. The instructions differ
in various provinces. The major part was surveyed by plane
table, Scale 1:28,800 based on Vienna Klafter System.

(1 Zoll = 40O Klafters = 758.6 m).

Sheet lines were uniform rectangulars with dimensions 63 x L2 cm.
The topographic manuscripts were drawn in colours with

relief expressed by a combination of hachures and shading at
oblique light, The elevations were not measured and included
into manuscripts. The topographical survey was carried out

by the officers of the Corps of Military Engineers.

Altogether about L4500 sheets were surveyed. These
manuscripts were kept secret., No part of the first topo-
graphical survey was incorporated into the second topo-
graphical survey,

3. Map: From the first topographical survey there were compiled
sheets of the 1:86,L00 map covering the province Upper
Austria, This confidential map was drawn in perspective
manner,

II. The Second Topographical Survey 1806 - 69 (Franziszeische Aufnahme).

1., Geodetic foundation: II Military Triangulation which started
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in 1806 with the datum Vienna, St. Stephen's Tower, latitude,
longitude and azimuth to Leopoldsberg determined astronomically,

¢ = L48° 12* 3%
A= 34° 02' 1570 East of Ferro.
o= 3)5° 551 2290,

Coordinates for mapping were computed in uniform plain rectangular
system (Cassini projection). In fact only the survey of pro-
vinces Upper and Lower Austria, Salzburg, Tyrol and part of
Northwest Hungary was completed in this system.

Cadastral ‘l‘ri#tion: With the establishment of Austrian
Cadaster in 1817, Cadastral triangulation with its 10 plain
rectangular system (Cassini projection) was started. The

Military topographical survey, in order to utilize reduced
cadastral planimetry, adopted all 10 cadastral systems as follows:

1 Vienna, St. Stephen's Tower, for provinces Lower
Austria, Moravia, Silesia and Dalmatia;

2 Custerberg, for provinces Bohemia, Upper Austria
and Salzburg;

3 Lswenburg (Sandberg near Lvov) for Galicia;
L Radovec (Radautz) West Base Point for Bucovina;
S Schéckl (near Graz) for Styria;

6 Krim (Krimberg near Ljubljana) for Carinthia,
Carniola and Littoral;

7 Innsbruck, Tower of City-parish church for Tyrol
and Vorarlberg;

8 Budapest, Gellérthegy Observatory for Hungary;

9 Klostar Ivanié, Monastery Tower for Croatia and
Slavonia,

10 Vizakna, Sibiu (Hermannstadt) Observatory for Transylvania.
(See Inclosure 1).

The triangulation of each cadastral system was carried
out independently, The scale and the orientation was based
either on a directly measured base line and directly deter-
mined azimuth or on a side and an azimuth of II Military
triangulation. Each of the systems was computed independently
with the adjustment carried out empirically. The coordinates
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were computed in Cassini projection, and represent an
average value obtained from individual values computed

in different ways after the removal of the angular and
side differences empirically. Thus the unstable relation-
ships among the positions of origins and among the orien-
tations of systems caused the discrepancies along the
boundaries of provinces (systems) which made the construction
of a uniform map impossible. The stations were marked by
wooden posts. Stone markers were placed 30 - 50 years
later where the remnants of wooden posts and signals were
found. At the time of placing the stone markers, 12% of
the stations were not found.

Topographical Survey: Topographical survey was carried

out by plane table method. The instructions for the survey
changed gradually (1807, 1817, 1833 and 1860) and the

manner of drafting also was subject to many changes; thus

the plane table sheets were not completed uniformly. Prior
to 1860 elevations, except for trig points, were not measured.
The instructions of 1860, provided the measurement of elev=-
ations for detail points as well as the introduction of
contour lines, The scale remained 1:28,800 as in the first
topographic survey. The plane table sheets were of two types:

a,. At the outset there were retained the old sheet lines
of uniform rectangulars with dimensions:
or 2L x 16 Zolls = 9600 x 6LOO Klafters
63.226 x 42,14 cm = 18,206.2 x 12,137.5 meters.,
These sheet lines were used in the survey of 1807-
1825 and in Transylvania (1853-1873) as well as in
the dukedom of Serbia and Banat (186L-1866).

b, The new "square mile" sheet lines of
or 20 x 20 Zolls = 8000 x 8000 Klafters
52.68 x 52.68 cm = 15,171.9 x 15,171.9 meters
were used in all survey completed in the years 1825~
1869, except in Transilvania and in the dukedom of
Serbia and Banat,

Because some of the Second topographical survey sheets
were used as a base for the Third topographical survey it
is important to know the areas where the topographical
survey was based on reduced cadastral planimetry. The
cadastral survey was not yet completed at the time this
topographical survey was under way and the cadastral maps
were not used in the following provinces:
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Salzburg

Tyrol and Vorarlberg

surveyed topographically in 1807 - 1819
r " n 1816 - 1820

Hungary (Partially) " " " 1810 - 1866
Transylvania " " " 1853 - 1873
Serbia and Banat (Vojvodina) " n n 1864 - 1866
Croatia and Slavonia " n " 1867 - 1869

3.

In these areas with very sparse density of triangulation
(on the average 3 trig poimts to 221 square kilometers) a
graphical triangulation was developed from first, second
and third order trig stations,.

From graphical points the detail (planimetry, hydrography
and orography) was surveyed.
Maps:
e second topographical survey was utilized in the compilation
of the following maps:

a. The special map of the Monarchy at 1:14};,000 scales

This map was constructed in the Cassini projection with
the origin Vienna, St. Stephen's Tower for which geographic
position the following values were adopted:

¢ = 48° 12 34%0
A= 34° 02' 15%0 East of Ferro. [

The sheets were composed each of nine 1:28,800 manuscripts
reduced at ratio 1:5, and have uniform sheet lines, i.e.
rectangulars with dimensions

9.6 x 1lh.k Zolls, or
25429 x 37.93 cm,
The sheet lines are consistent for the entire map,

Since the topographical survey was carried out
separately for each province the compilation of the map
was prepared in the same manner, The relief is expressed
with hachures according to Lehmann's scale, The map
was reproduced in black colour by the copper-engraving
process. The sheets covering each province were considered
as a whole and were published under title of the province,
for instance "Special-Karte des Koenigreiches Dalmatien",
The entire territory of the Monarchy never was covered
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by this map. In 1869, the compilation was discontinued
and there still were not compiled the maps of Galicia,
Bucovina, Transylvania and the sheets of the southern
parts of Hungary and Croatia, Altogether 323 sheets
had been published,

b. The general map at 1:288,000 scale: By process of
reduction and generalization of the special map the
sheets of the general map were compiled. The sheets
were constructed in Cassini projection with Vienna,

St. Stephen's Tower as origin, except 11 sheets covering
Galicia and Bucovina having origin L¥wenburg near Lvov,

The map was reproduced in the same manner as "Specialkarte',
The sheets were published separately for each province,

The compilation was discontinued and the entire territory
of the Monarchy never was covered., Together there were
published 53 sheets.

c. Scheda's synoptical map of Central Europe at 1:576,000 scale:
Col. Joseph von Scheda compiled his 1:5(6,000 "Generalkarte
von Zentral-Europa" largely from sources of the second
topographical survey, Since the entire map consists of
L7 sheets constructed in Bonne projection of which 20 cover
the entire territory of the Monarchy in the compilation
of this map evidently there were used also various other
sources., The reproduction in black colour was made by
process of copper-engraving. The relief is expressed by
hachures. This map has two editions (1870 and 1877) which
in respect to reproductional technique at that time
represented a World famous masterpiece of Cartography.,

d. The general map of Central Europe at 1:300,000 scale:
Since this map for the area covered by Scheda's 1:576,000
map represents merely an enlarged reproduction of Scheda's
map the sheets are constructed in Bonne projection,

The map consists of 207 sheets of which 72 sheets cover
the entire territory of the Monarchy. The sheets were
reproduced by process of helio-engraving with transfer
from copper plates to lithographic stones and printed
in three colours, i.e. cultural features, hydrography
and nomenclature in black; relief expressed by hachures
(sheets covering Balkans by shading) in brown; and
woodland in green. The map was considered provisional
and was after 1885 gradually replaced by sheets of the
1:200,000 general map of Central kurope compiled from
the cartographic material of the III Topographical survey.

III. The Third Topographical Survey 1869 - 1896 (Neue Aufnahme).

The lack of a uniform map and the need for a more accurate map,
with sufficient detail to meet the existing requirements of the
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army, forced the War Ministry to order a new topograbhical
survey. For the survey which started in 1869 in Transylvania

and in Tyrol new "provisicnal instructions" were issued. The
new instructions prescribed the following improvements:

- a8 better system for representing communication lines with
added details important from the military viewpoint,

- greater precision in the measurement of the elevations and
in the drawing of contours,

- in representation of orography to replace the pallid manner
of hatching by the black manner,

- the introduction of topo and military tactical descriptions
for each plane table sheet,

From the very beginning uniformity was impossible because the
topographical survey in Transylvania was completed in 1873,
without reduced cadastral planimetry by use of the old sheet
lines of 63 x 42 cm and the old 1:28,800 scale; meanwhile in
Tyrol the new "square mile" sheet lines, the new 1:25,000 scale,
and cadastral planimetry were used.

In 1872, the metric system was legally established in the Austro-
Hungarian Empire, the 1:25,000 scale was finally adopted for
topographical survey, and graticule sheet lines of the polyhedric
projection were introduced in order to eliminate inconsistency

in sheet lines and differences in size and shade of sheet lines,

In 1875, final instructions for the execution of the third
topographical survey were published. These instructions. based
on the experience obtained during five years of survey, represent
a modification of the provisional instructions. The instructions
were issued together with topographical symbols.

The survey of the entire Monarchy including occupied terrifory
Bosnia and Herzegovina was completed in 1887. (675.000 km<).

The third topographical survey should be considered as the final
topo survey for the area consisting of 95% of Empire's territory.
It consists of 2780 plane table sections (each of L plane table
sheets); of them only 860 plane table sections later were reambu-
lated (instrumentally revised in the field) by the Military
Geographic Institute of Vienna. The fourth topographical survey
1896 - 1913 (Prézisionsaufnahme), covered only 120 plane table
sections, Thus at the time of disintegration of the Austro-
Hungarian Empire in 1918, more than 61.4% of the topographical
material represented the plane table sheets surveyed prior to
1887 and never revised. (See Inclosure 2),
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1.

Geodetic foundation: The geodetic elements upon which the
third topographical survey of Austro-Hungarian Empire was
based as well as the maps at scale 1:75,000, 1:200,00, and

others compiled from plane table sheets of the third survey,
could be explained as follows:

ae

b.

Ce

Ellipsoid: Ellipsoid of Bessel with:

a=6 377 397.15 meters
b =6 356 078,96 "
f 1

299,1528

Projection: Polyhedric. The trapezoidal-shaped sheets
ounded by meridians and parallels of 15' in latitude
and 30! in longitude are individual projecting planes

where this small spheroidal trapezoid is considered as

plane trapezoid,

The starting meridian of Ferro with

17° 39' L46%02 West of Greenwich.
Triangulation: II Military Triangulation 1806 - 1869,

with several datums where in the position ccmputations
for the new special map were used:

Vienna, University Observatory,
latitude L8° 12' 35%50,
longitude 349 02' 36,00 East of Ferro,
azimuth to Leopoldsberg 163°42'13%35 (12927 after 1659).
All determined astronomically, [101]

Arad, St. Anna S.B.P.
latitude L6° 18' L7"63 determined astronomically,
longitude 39° 06' SL.l9 geodetically derived from Vienna,
azimuth to Kurtics determined astronomically, [101]

The second military triangulation surveyed in 1806 = 1829
consists of the main chains covering the western part

of the Monarchy (West of the meridian of Budapest) and
the chain which extends along the Carpathian Mountains
to Transylvania., The triangulation including the base

lines at:
Wiener-Neustadt (1762) 6410.90 Klafters (12,158,170 m)
Wels (1806) 7904.0L5 + 0.360 Klafters (14,989.896 m)
Raab (1810) 9429.429 *+ 0,010 Klafters (17,882,762 m)
Radovec (Radautz 1818) 5199.597 Klafters ( 9,860,953 m)

10
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was of lower accuracy and after the establishment of Military
Geographic Institute (1839) it was resurveyed.

In order to cover the entire Monarchy with a first order net the
base lines at:

Arad, St. Anna, Hungary (18L0) 8767.578 m

Partin (Tarnow), Galicia (1849) 5972.501 m % 1/2,000,000
Hall, Tyrol (1851) 5671.317 m + 1/ 740,000
Wiener-Neustadt (1857 resurveyed) 9L48L.065 m ¢+ 1/ 700,000
Maribor, Styria (1860) 5697.L05 m + 1/L,200,000
Josefov(Josefstadt) Bohemia(1862) 5257.266 m + 1/ 850,000
Sinj, Dalmatia (1870) 2475.474 m + 1/1,600,000

were measured and the triangulation extended over the eastern and
southern parts of the Monarchy. For the purpose of orientation of
the base lines and chains 11 astro stations were determined, [®1]

Considering the accuracy, the chains were not observed uniformly and
were never rigorously adjusted. No adjustment of the loops (polygonal
adjustment) and no uniform astronomic orientation of the net was ever
made. Thus geographic coordinates were computed from different

datum points, The computations were carried out on various ellipsoids,

l.6€:

1810-1845 Bohnenberger, a = 6 376 602 m, £ = 1/32 [*
18)45-1863 Zach a=6 376 LBO m, £ = 1/310
1847-1851 Walbeck a=6 376 896 my £ = 1/302,78 !°°

Walbeck ellipsoid was used as reference surface in the computing of
the chains in Galicia and Bucovina by means of which the II Military
Triangulation was tied with the Russian triangulation.!®® Finally
in 1863, Bessel ellipsoid by the instructions for triangulation was
prescribed.

Such was the triangulation used as the foundation of a "uniform
graticule system"; whereas in order to utilize the cadastral plani-
metry in topographical survey the cadastral sections of the 10 differ-
ent systems should be uniformly positioned. Fourthermore the

military triangulation at that time did not yet embrace the entire
area of the Empire and in some regions the cadastral chains had to

be used in position computations for the new map., For instance,

in Lower Austria in the computations of a link the cadastral records
were used. In northern Hungary and in Galicia two chains of

cadastral triangulation executed prior to 1830 were used; meanwhile

in Transylvania a chain of 'new" triangulation surveyed from 1869-
1871 was included in the position computations. The scale of these
three chains was largely affected by the erroneously measured base
line of Radovec (Radautz) in Bucovina. The base line of Radovec was
measured by the Austrian Cadastral Survey in 1818 with an error of

1 Klafter (1.896 meters). It was remeasured in 1874. It should be
mentioned that, despite the fact that the degree survey (Gradmessungen,
begun 1862, was not nearly completed at the time, some chains

1
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of that survey were used in the position computations

even through no adjustment had been made in some of these
chains and only preliminary adjustment had been made in
others., One example is the chain along the entire Austrian
Adriatic Coast.

This was the stage of the development of triangulation

in the Austro-Hungarian Empire at the beginning of the
Third topographical survey. At that time, about 1870, the
positions for the new "special map" were computed., These
positions were compiled much later (1887 and 1889) in two
sections of "Positions Rechnungen", M.G.I. Protocols 290 A,
290 B (File No. 661.0895). Prior to the time of compilation
some documents of computations had been lost. Photostatic
copies in possession of A.M.S. are not complete. There is
available only the list of geographic coordinates, angles,
and logarithms of sides; but the list of geographic
positions of sheet corners of cadastral sections, all
enclosed computations and a key-index map are missing.

The information given in the preface of the "Positions
Rechnungen" is already summarized in Geodetic Memorandum
1000 and need not be repeated, (140

The lack of rigorous adjustment of the individual chains,
and particulary the lack of polygonal adjustment of closed
chains, caused tensions in the chains, disparities among

the coordinates of identical stations belonging to different
chains, and large variances in orientation among the chains.
Thus the triangulation with the coordinates derived from
one datum, either Vienna, University or Arad, St. Anna,

can not be considered homogeneous,

(1) System Vienna, University: The
triangulation of the western and southern parts of the
Monarchy with coordinates referring to Vienna, University
Observatory, which covers the provinces: Bohemia, western
parts of Moravia and Silesia, Upper Austria, Lower Austria,
Salzburg, Tyrol and Vorarlberg, Styria, Carinthia, Carniola,
Coastland, Dalmatia, Croatia and Slavonia, as well as the
western and southern parts of Hungary, should be regarded
as more uniform than the triangulation of the St. Anna
System. In general the interior disparities would rarely
exceed 15 meters of linear value. Meanwhile in lower Styria,
Carniola, Coastland and Dalmatia the geographic coordinates
of some identical stations computed in different chains
would differ as follows:

12
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No. Station name dag dN dA dE
2%3 Hochstradenkogel + 0856 + 17,26 m + O"57 + 12,07 m
282

165 Krim (Krimberg) - 0,08 - 2,47 -0.73 -15.72
262

166 Nanos +0.,12 + 3,70 -0.68 - 14.68
267

2%2 SneZnik (Schneeberg) - 0.2} - 7.41 - 0.84 - 18.21
2

217 Slamik - OCOS - 1.5,-‘ - 0.87 - 18.87
285

219 Pirano + 0,06 + 1,85 -« 0.8 - 18.66
272

2%2 Uéka (Mt., Maggiore) -0.,11 - 3,40 =-1,02 - 22,22
287

223 Tuhobié - 0,23 - T7.10 -1,00 - 21,77
288

224 Sis (Mt. Sys) - 0,27 = 8,33 =-1.28 = 27.99
292

233 Oser (Mt. Ossero) - 043 =-13.27 =-1.28 - 28.19
29

(See Inclosure 3).

The disparity at Hochstradenkogel results from computation
of the Carinthian chain and the chain which extends through
Upper Styria. The disparities in coordinates at southern
stations, which appear to be systematical, obviously arose
where the coordinates of old triangulation and of unadjusted
chains of the new degree-survey are compared. The preface
of Protocal 290 B includes a remark that these disparities
came from "recomputation™ of the chain and that the values
used in the mapping are underlined in the index-map. (The
map is missing). Beyond all doubt these disparities, if
applied to the positions of sheets in the area considered,
represent the interior twist of the graticule in the Vienna
University System.
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(2) System Arad, St. Anna: The geographic
positions referring to datum Arad, St. Anna S.B.P. were
used in the topographical survey of Transylvania, Bucovina,
Galicia, the Northern part of Hungary and Eastern part
of Moravia and Silesia., These geographic positions
should be considered to be less homogeneous than those
referring to Vienna, University used in the mapping of the
Western and Southern parts of the Monarchy,.

Arad, St. Anna S.B.P., as datum was determined as follows:
The latitude

L6° 18 L7w63
and the azimuth to Kurtics (angular value not shown in
any of the available records) were determined astronomically.
The longitude

39° 06' 54119 East of Ferro

was geodetically derived from Vienna, St. Stephen's Tower,
In the computations Zach ellipsoid with flattening 1/310
was used. These values, compared with the geographic
coordinates derived in 1870 from Vienna, University using
the Bessel ellipsoid would differ as follows:

¢ A = L6° 18" 47963; A= 390 06' SL¥19 derived from St. Stephen
® G=L46° 18" LL.71; A= 39° 06' L9.9L derived from University
do = +2.92 d A= +0.25

These differences would express the relationship between
the two systems at point Arad, St. Anna S.B.P.

A chain from St. Anna base line to Sibiu (Hermannstadt),
Observatory was computed in 1846, The computations again
were based on the Zach f = 1/310 ellipsoid and St. Anna
S.B.P, was used as starting point. From these computations
for Sibiu (Hermannstadt), Observatory the following values
were obtained:

® = L5° 50! 28195
A= )19 6" 39%00 East of Ferro
o to Presbe = 359° 16' 33978,

If these values are compared with the values derived in
1870 from Vienna, University using the Bessel ellipsoid:

® = L5° 50t 25197
A= 19 46" 31%66 East of Ferro
o to Presbe = 359° 16' L3w24 [101]

1
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the following disparities are obtained:

dé= + 21998
dA= + 7,34
da- - 90’46

These values represent the relationship between Vienna,
University and Arad, St. Anna Systems at Sibiu (Hermannstadt),
Observatory. The latitude is greater by about 3". The
longitude increases toward the East because the Zach f = 1/310
ellipsoid was used in the computations and differs between

7 - 9", Moreover, due to the rotation which was thus caused,
the disparities at numerous identical points are not constant,

In 1870 a new first order chain between Sibiu (Hermannstadt)
and Radovec (Radautz) base line was surveyed. It was utilized
in the computation of the geographic positions for the new
special map, The side Blikve - Kitserer was used as the starting
side in the computations with the coordinates and azimuth
derived from St. Anna S.B.P, Meanwhile the logarithm of side
L 330 3298 (21 395.86 m)
is the same as is used in the computations of 1870 from
Vienna and differs from the logarithm obtained in 1846 in
the computation of the chain St. Anna - Sibiu (Hermannstadt)
L 330 2098 (21 39L4.88 m)
for
d log = 200+10~7 = (0.98 m)
As already mentioned, the base line of Radovec, used in the
computations of this chain, was in error by 1.896 m.

Starting from Radovec base line, two chains composed mostly
of cadastral triangles surveyed prior to 1830 in the compu-
tations of geographic positions for the special map were
used, The northem chain extends through Galicia to Silesia
and Moravia, the southern chain through Marmaros and Upper
Hungary to Moravia, The following stations are common to
both chains and the coordinates of St. Anna datum computed
through the southern chain would differ from those derived
through the northern chain as follows:

No. Station name do dN dA dB

95 Krivan

303 - 0055 - 16,99 m + 1%69 + 34.20m

97 Barani

302 ee - 0.50 - 15.L  + 1.56 + 31.56
15
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No. Station name dé dN dA dE

98 Niedzwiezd (Klucky) 0%52 = 16.06 + 1"77 + 35.56

225

13 _ .
o0}, Babiagora 0.57 = 17.61 + 1.77 + 35.51

125
280 Lopenik - 0.18 = 5.56 + 1.69 + 34.37
19
pg3 Lysa Gora - 0.36 <11.12  + 1.73 + 34.73

(See Inclosure ).

The systematical disparities which arose between the coordinates
obtained in the computations of northern and southern chain
required for certain areas of Upper Hungary and Galicia, both
of St. Anna System, the adjustment of geographic positions

of trig points and of the cadastral section sheet corners.

The adjustment was made empirically and in many cases there
were taken just the mean values of coordinates obtained in

the computations of northern and southern chain. The index
map (now missing) would indicate for which sections adjusted
positions were used. In general the adjusted area lies between
the 37° and L41° meridians and between the 49° and 50° 15!

parallels,

The listed differences indicate the average interior disparity
of St. Anna System in the area of Galicia and Upper Hungary
would be a follows:

dNg =~ 13,60 m

d Ea =+ 3‘4032 n

In respect to the adjustment of geographic positions of

trig points and sheet corners of cadastral sections, it is

to be noted, that a remark in the introduction of Protocol
290 A indicates that the positions in this area were adjusted
along with the conversion of geographic positions into
rectangular coordinates in order to plot the stations into
plane table sections., The method of adjustment is not
mentioned, Some later publications, such as "Planheft",
mention empirical adjustment or just say "mean values were
used" as it is said in the study "The relationship between

the German Army Grid (D.H.G.) and Yugoslav and Hungarian

16
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(3)

maps® by Dr. Lederstegerl®)Thus, in the area of Galicia
and Upper Hungary if the mean values are applied to the
sheet corners we can expect an average shift as follows:

dN
=5 == 6.90m = 0,28 m at scale 1:25,000

d Eg

= 417,16 m = 0,69 mm at scale 1:25,000

2 2
52~ V(ﬂ?é) + (52" < 18.50 m = 0.74 mm at scale 1:25,000.

[ North chain

aly
______ South chain

Scale 1: 2500

The comparisons of coordinates at identical stations common

to the uniformly adjusted First Order Net published in the
"Ergebnisse der Triangulierungen®™ and to "Positions Rechnungen"
(File No, 661.1184, Anlage 2 and 3) would confirm the same
interior twist of the St. Anna System in the regions of
Galicia and Upper Hungary.

The Areas of Adjustment between the
systems of Vienna University and Arad, St. Anna S.B.P.

The most inaccurately positioned maps from the viewpoint of
geographic position are the sheets of the III topographical
survey at 1:25,000 and 1:75,000 scale covering the areas of
adjustment. In those regions where the sheets are based on
original geographic positions, referring either to Vienna
University datum or to Arad, St. Anna datum, the positions
of sheets within the region are determined by one of the
two systems with an accuracy discussed in the previous two
paragraphs, Meanwhile, in order to match the sheet lines
of the two systems within the areas of adjustment, the
geographic positions obtained corrections of unknown numerical
value; thus the sheet-corner values must be considered as
mathematically unknown.

In the regions of the two systems, where the maps are based

on unchanged geographic positions, the numerical values of
geographic positions can be compared with the geographic
coordinates of the adjusted and oriented uniform first order
net, By use of the disparities obtained from these comparisons

17
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in the Helmert's conformal transformation the transformation
elements can be determined and the corrections to the sheet-
corners computed. Thus the sheets of each system can be
recasted and regrided by means of exact mathematical oper-
ation, It is impossible by using such mathematical procedure
to reconcile the sheets within the "adjustment areas™ with
the uniform first order net because there exist no numerical
values for the positions which were the basis for con-
struction of the sheets., In these areas the extent of
displacement of the sheets can be determined within proper
limits of graphical accuracy only by comparison of scaled
positions with the coordinates of the uniform first order
net., Hence by elimination of displacement at identical
stations the sheets, or parts of the sheets, can be restored
only cartographically to proper position,

The chains of the Vienna and St. Anna Systems were joined
in the northern part of the Monarchy (Silesia and Moravia)
and in southern part (Banat). (See Inclosure 5)., Thus
northern and southern area of adjustment.

(a) The Northern Area of Adjustment: In the Provinces
Moravia and Silesia a comparison of the geographic

positions of Vienna University System and St. Anna
System give the following disparities: (St. Anna -

Vienna)
No. Prot.No, Station name dab dN dA dE
1 sh/299 Horny les + 1958 + 48.80m + 7927 + 14S.84 m
2 37/298 Leskona + 1,70 + 52,50 + 7.6k + 155.16
3 53/301 Sekorce + 1,56 + 48,18  + 7.37 + 148.33
L 64/293 Maidenberg + 1,71 + 52,72 + 7.64 + 155,55
S 67/284 Buchberg +1.68 + 51.89 +6.98 +138.71
6 63/296 Nadanov + 1,73 + 53.L43 + 7.59 + 154.18
7 69/283 Schneeberg + 1,70 + 52,51 + 6,85 + 135,55
8 66/285 Bradstein + 1,77 + Sh.67 + 7.07 + 1L1.05
9 75/288  Kosirc +1.78 + 5498  + 7.28 + 146,08
18
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No. Prot.No. Station name a0 dN dA dE

+

1281 + 55.91 + 6.9L4 + 137.77
11 74/282 Bischofskuppe +1.86 + 57.46 + 6.82 + 134.81

10 69/281 Hohe Haide

12 85/272 Javornik Kelsky +1.94 + 59,92 + 7,35 + 148.02
1.97 + 60.84 + 7.58 + 153.L43
1) 110/280 Lopenik + 1,94 +59.91 + 7,67 + 156,01

13 84/273 Kominek

+

+

15 90/269 Javornik 2.05 + 63.32 + 70311 + lh?.hZ
dN dN
&= —L;,—L-»f 55013 m

dEav = _.[d;El = . lkéoSS n

n

. 146.53m A

Vienna

KL N

According to the preface of "Positions Rechnungen® (Protocol
290 A) the plotted positions in this area were adjusted along
with the conversion of geographic positions into rectangular
coordinates. In order to avoid the creation of the overlapping
strips along the junction of the sheets of the two systems,

the empirically adjusted positions were plotted on plane table
sections and the sheets of both systems were matched by a
gradual shift of the sheet lines,

(b) The Southern Area of Adjustment; Tne region of Central and
South Hungary was topographically surveyed in 1881 - 188k,

This, the last part of the III topographical survey, is con-
fined as follows:

19
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- from the East by the topographical survey of Transylavania
executed in 1869 - 187L, on the base of very sparse triangu=-
lation and without use of any cadastral records; scale
1:28,800.

- from the North by the topographical survey of Northern
Hungary and Moravia carried out in 1875 - 1878, by use of
cadastral planimetry.

- from the West by the topographical survey of Lower Austria
and West Hungary executed in 1878 = 1880, by use of cadastral
planimetry. (See Inclosure 6)

The cadastral survey tc be utilized in the topographical
survey was completed only in tne districts Zemplen, Bereg,
Ugosca and Marmaros at the northwestern edge of the region
and in the districts Hajdu, Jasz-Nagy-Kun-Szolnok and
Csongrad of the central part of the region. The largest
part was surveyed without any cadastral planimetry.

In the region covered by the 1881 - 1884 topographical
survey the geographic positions were derived either from
Vienna, University or from Arad, St. Anna S,R8.P. In order
to match the sheet lines of the two systems in the southern
area (Banat) an adjustment was made similar to that in
Moravia and Silesia, Because the cadastral survey was
completed only in the northwestern corner of the area of
adjustment (See Inclosure 5) the plane table sheets with
cadastral grid (1 mile) constructed on the basis of em-
pirically adjusted geographic positions were used only in
the northwestern corner. By reason of the lack of the
cadastral planimetry and in order to maintain the progress
in the survey it was decided to use as a base the recasted
and enlarged sheets of the Second topographical survey; for
this reason the results of the adjustment were ignored and
the Third topographical survey in this area was degraded
to an instrumental field revision of the old mape.

For this purpose on the old rectangular sections at 1:28,800
scale the sheet-corners of the polyhedric sheets were plouted
and the sheet-lines drawn. The sections were photographically
enlarged to 1:25,000 scale and recasted into the "uniform
graticule system".

The recasting and composing was done on the litographic

stones, where the sheet-lines were constructed and the
fragments of blue-lines of the old sections matched together
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and fitted into sheet-lines, In order to obtain the proper
size the fragments had to be wet or dryed. From the blue-
greased negatives composed by the described method the blue-
lines were printed, On the blue lines the trig points were
plotted and the blue lines were revised in the field.

(On the photostated plane table sections at 1:25,000 scale
the primary position of the planimetry can still be traced).

In the recasting and composition of polyhedric sheets with
consequent numerous distortions, the adjustment computations
mentioned in the preface of "Positions Rechnungen™ were not
considered. By the recasting procedure, in order to match
the sheets of Vienna and St. Anna systems cartographically,
the sheet corner values were corrected and the sheet lines
shifted. The corrections were applied erratically from sheet
to sheet and thus no satisfactory connection between the two
systems was reached.

In order to establish the actual situation regarding the
positions of 1:25,000 and 1:75,000 maps, a careful analysis
of the sheets which cover the area of adjustment was made,
(See Inclosures 7 and 8),

From the analysis these conclusion could be drawn:

- The differences between the geographic positions of uwwo
systems at identical stations are:

No. Prot. No., Station name dé dN dA dE
1 220/2 Elek + 3902 + 93,23 m + 3996 + 8L.38 m
2  225/L Segenthau + 0,09 + 2,78 + 5,65 + 121,36
3 2221 Kurtics + 2,91 + 89,83 + L.09 + 87.h6
L 2271 St.Anna S.B,P. + 2,92 + 90,1 + 4.25 + 90,91
s 231/4 Dimpu Weszestyl + 2,82 + 87.05 + L.73 + 101.72
6 224/3 Hegyes + 2,92 + 90,14 + L.68 + 100,30
T 223/3 Mokra + 3,04 + 93,85 + L.66 + 99.55
8  232/7 Mogura + 2,73 + 84,27 4 5.12 + 110.64
9  310/6 Pless + 3,16 + 97.55 + L4.90 + 104.39
21

Google



10
11
12
13
1
15
16
17
18
19
20

21

230/6 Drocsa

311/8 Mogura Korbest

233/7 Dimpu Cornulur

235/8 Ruszka
309/11 Maguraja
265/9 Bihar

266/9 Vladeasca

239/1) Vurvu Caratului

246/12 Vulkan
2L,3/1L Hajto
268/30 Ejszakhegy

2L48/10 Muntile Mare

+

+

+

+

2998 +
3.37 +
2.85
2.72

+

+

+

3.02
3.15
3.36
2,72

+

+

+

3.05 +
2.94 +
2.91 +
3.26 +

These differences, except that of
such a degree systematical that a gradual shift of the sheet-
lines would satisfy the connection of the two systems with
Regarding the method of con-
struction of the plane table sections, previously explained,
this accuracy would be satisfactory.

an accuracy of * 10 meters,

91,99 + 5708
104.04 + L.87
87.97 + 5.32
83.96 + 5.L6
93.22 + 5.87
97.24 + 5.L8
103.73 + 5.57
83.96 + 5.84
94,15 + 5,82
90,75 + 6.03
89.85 + 6.95
100.6l + 6,08

+

+

109.07 m
103.02
11L.L6
118.16
125.97
117.13
118,17
126,47
12L.6L
129,77
139.L8
129.63

station Segenthau, are in

The sheets positioned on the two different systems create
If the sheets of two systems have

an overlapping area.
to be matched along the meridian LO® 30' the average
disparity derived from the differences of stations:

Vladeasca
Vurvu Caratului

Vulkan

Hajto

Ejszakhegy

Muntile Mare

would be:

Google
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dNgy _ [gN]

= 93,85 + 10 meters

dEav _ [dE) _ 128.03 + 10 meters

Vienna

ﬂ I 93.85m

e ==St. Anna

By a shift of the sheet-lines of the Vienna system toward
the South and West increasing the N and E of trig stations
located in the column 5169 = 6169 (See Inclosure 7) for

the average dN and dE the sheet~lines would match with an
accuracy of + 10 meters., If the positions of the sheets
located west of the 38° meridian and of the sheets situated
east of LO® 30' meridian are held fixed and if the coordi-
nates of Vienna system at the stations in the area of
adjustment would be gradually increased in each zone and
column of 15' for

dN = 8.5 meters
dE = 12,8 meters

the connection would be achieved with an accuracy that in
no case would be lower than the accuracy by which the sheets
in the transition area were composed and recasted. Any
adjustment of greater accuracy would be useless, It could
be supposed that a similar gradual shift was made by the
empirical adjustment applied after the conversion of
geographic positions into rectangular coordinates in order
to plot the cadastral planimetry in sympathy with the
"uniform graticule system"; but the comparisons of the
geographic positions with the positions scaled from
1:25,000 and 1:75,000 maps show that such a gradual shift
was not used in actual mapping.
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The geographic positions of the Vienna system for the
6L stations available in the area of adjustment were compared
to the scaled positions of the 1:25,000 and 1:75,000 maps.

The comparisons show:

- The area of adjustment is not confined (as it is contended
in the introduction of the "Positions Rechnungen") to
the area between the meridians of 38° and LO° 30' and
L47° 15' parallels., It extends west to the Danube River
and covers exactly the area in which the recasted old
maps were used in the Third topographical survey. (See
Inclosures 5 and 6).

- The positions of 1:25,000 sheets are not completely
identical with the positions of 1:75,000 sheets, as they
should be because each sheet of 1:75,000 scale is composed
of four plane table sections at 1:25,000 scale.

- The displacement of 1:75,000 sheets resulted from:
the poor construction wherever the reduced 1:25,000 sheets
without exact size were forced to match the 1:75.000 sheet-
lines. (This is a general deficiency of 1:75,000 maps
traced over all territory of the Monarchy and will be
discussed in a special paragraph);

and because the 1:75,000 sheets in the column west of
LO® 30' meridian obtained positions close to that of

the Vienna system, contrary to the positions of 1:25,000
scale sheets, reambulated in 1888 - 1895, which along
the provincial boundary of Transylvania were based on
the positions of St. Anna system with an average shift
of the sheet-lines toward the north of approximately
1750, (Stations were plotted with a d§ = - 1150).

- The erratic application of the corrections made the
positions of sheets in the western part of the transition
area closer to the St. Anna system than the sheets of the
central and eastern area which are positioned close to
the Vienna system and the sheets of the southern area
which were shifted in a direction opposite to the direction
of adjustment.

* The positions used in the comparison were scaled from the
sheets reambulated in 1888-1895, at scale 1:25,000 which were
composed of recasted and enlarged 1:28,800 sheets surveyed in
1872-1824. The original 1:28,800 sheets were rectangulars of
9600 x 6400 Klafters (18,206.2 x 12,137.5 meters) with the sheet
lines parallel to prime vertical and meridian of Sibiu (Herman-
nstadt) Observatory.
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The inconsistent cartographic shifts of the sheets in the
transition area made it impossible to apply any mathematical
operation to remedy the positions of sheets, The coordinates
of plotted positions are unknown and can be ascertained only
by scaling; the scaled positions on the same sheet many times
have conflicting corrections and thus the sheet-corner values
are unknown,

It should be mentioned that in the study "The relationship between
the German Army Grid (D.H.G.) and Yugoslav and Hungarian maps"

by Dr. Ledersteger (File No. 658.039L4) all formulae are based
solely on the disparities between the geographic coordinates of
the "Ergebnisse der Triangulierungen™ and the geographic positions
of the "Positions Rechnungen"l°)Thus in the recasting and re-
griding of the sheets covering the transition areathese formulae
have no application, The sheets of the transition area can be
only cartographically placed in proper position by the shifts
which would within the limits of graphical accuracy eliminate the
differences between the coordinates of adjusted triangulation

and scaled positions,

(c)The Area of Central Hungary:(See Inclosures 5),
This area which lies between the northern and southern adjustment
areas is covered by the sheets of the 1881-188L survey based on
the geographic positions either of Vienna or St. Anna system.

There is no indication in available literature as to how the
sheet-lines of the two systems were matched with the old revised
8heets which had already been shifted erratically. One can
assume that the sheets with inconsistent positions were not
Btgply'fudged cartographically, but were subject to compromising
8hifts,

By the comparison of available coordinates and scaled positions,
it can be determined which of the sheets belong to the Vienna
System and which belong to the St. Anna System, and which ones
Were subjected to displacement. Such an investigation would
require considerable cartometric work, and was omitted in this
study because the larger portion of the area concerned is already
covered by the new topographical survey at 1:25,000 (Hungary) and
1:20,000 scale (Czechoslovakia), as well as by the Hungarian
Stereographic 1:25,000 revised sheets. In the compilation of

any large scale map in the future these new maps should be
utilized. The old 1:25,000 sheets of the Third topographical
survey will be used only in the areas not covered by the new
survey; therefore these old sheets need to be carefully investi-
gated prior to their utilization in the compilation of a new map.

It should be mentioned that a letter from the Army Survey Office
of Vienna (Heeresvermessungsstelle Wien) of April 22, 1940, to
the National Survey Office (Reichsamt flir Landesaufnahme) describes
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(L)

the regriding of Austro-Hungarian maps at 1:25,000 and 1:75,000

scale and concludes that the positions of sheet-cornmers in this

area by reason of empirical adjustment are so inaccurate as to i
disagree as much as 70 meters. (File No. 661,089L).

Bosnia and Herzegovina:

In 1878 the Austro-Hungarian Army occupied Bosnia and Herzegovina
which prior to that time had been provinces of the Turkish Empire.
The Military Geographic Institute started the survey of the occupied
territory in 1879. Because there are some deviation from the ,
standard survey practice established in the rest of the Monarchy,
a brief explanation of the survey in Bosnia and Herzegovina will
be given in this paragraph,

——

—

The triangulation started in 1879 with a first order chain which
extends between the 35° and 36° meridian through the central
part of the province and includes the base line at Sarajevo l
measured in 1882, In the North the first order chain was attached

to these stations of the first order net in Slavonia: .

356 Kuéerina (of Dubica base extention net)

360 Maksimov Hrast .
362 Kasonja 2
363 Lipovica,

and in the South to the following stations of the Dalmatian first I
order chain:

341 Tmor i
343 Rogo |
345 Ostra Glavica

348 SnijeZnica

350 Orjen,

For all these stations the geographic positions referring to the
Vienna University can be found in part II of "Positions Rechnungen"
(Protocol 290 B). In 1883 - 1885, the first order net was extended
from Sarajevo east and southeast to the Serbian and Montenegro
boundary,

Bosnia and Herzegovina prior to that time had no survey and no
reliable maps; therefore it was planned to start with the cadastral
survey as early as 1880, The occupied province still was in a
stage of resistance and since survey parties needed the protection
of small combat units the K.u.k, Military Geographic Institute

was charged with the execution of the cadastral survey; conse=
quently the cadastral survey was planned and executed in such a
manner that its complet utilization in the topographical survey

was assured in advance,

In order to provide the cadastral and topographical
survey with a sufficient density of trig points (1 trig
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point on each 25 square kilometers) the 2nd, 3rd and

Lhth order triangulation started in 1879, i.e. before

the completion of the first order net., This triangulation,
usually covering a region which during the next year

has to be surveyed by the cadastral survey, started
individually from the first order stations belonging

to the already mentioned first order chains which surround
Bosnia and Herzegovina from the North, West and South,

In each region the triangulation was adjusted prelimi-
narily and immediately used in the detail survey,

For the first and second order stations, which formed the
so called "main net", the geographic positions of the
Vienna system were computed from different starting points
in different regions. These geographic positions are

the basis for the "uniform graticule system" in Bosnia
and Herzegovina, (The geographic positions of Bosnia

and Herzegovina are not listed in "Positions Rechnungen",
Protocol 290 B compiled in 1889, File No. 661,0895,)

Triangulation of Bosnia and Herzegovina comprise:
Base line Dubica
Base line Sarajevo

First order stations 30
Second order stations 136
Third and fourth order trig points 2094
Total 2260 trig points,

of them 5.4 churches, mosques and monuments.

The cadastral survey of Bosnia and Herzegovina is unique
for the entire Monarchy, since it is in position completely
identical with the topographical survey. The cadastral
sections are cut in the "uniform graticule system", The
polyhedric sheet of 15'y x 30Y at 1:75,000 scale is
divided into 16 cadast sections at 1:12,500 scale,

6l cadastral sections at 1:6,250 scale and 256 sections
at 3,125 scale which were used only in the survey of
closed settlements, In order to meet the cadastral
requirement the spheroidal Soldner coordinates with the
origin at center of each 1:75,000 sheet for all lower
order stations of Military triangulation were computed.
The cadastral survey was completed in 1885, Reduced by
pantograph to 1:25,000 scale it served as base for the
topographical survey.

In 19L), the Germans transformed the Soldner coordinates,
with the origin at the center of each 1:75,000 sheet,

into Yugo Red. Gauss-Krueger coordinates (File No.
658.039L )% Tt should be remembered that the sheets were
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positioned on geographic positions of Vienna University
system computed from preliminary adjusted regional nets
with different starting points used in computation
meanwhile the Yugoslav triangulation represents a
homogeneous, final adjusted net oriented on Hermannskogel
datum. The linear conformal transformation was made by
the sheets where, because of lack of a sufficient number
of identical trig points, the transformation elements
were derived from the differences between the Soldner

and Yugo Red, Gauss-Krueger coordinates of 2 sheet corners
and the central point of each sheet, In order to furnish
the Yugo Red. G.K. coordinates needed in the comparison
the geographic positions of sheet corners and centers in
Vienna University system were transferred into the system
of the Yugoslav triangulation by the application of cor=
rections derived by Dr. Ledersteger for the purpose of

the recasting of sheets, These corrected geographic
coordinates were than converted into reduced Gauss-Krueger
coordinates.

The comparisons of the reduced Gauss-Krueger coordinates
of the Military triangulation of Bosnia and Herzegovina,
obtained from this transformation, with the Yugo Red.
Gauss-Krueger coordinates show at identical stations dis-
parities up to 18 meters. The average values of disparities
on each sheet were taken as blanket corrections which
have to be applied to the transformed coordinates of
stations belonging to the corresponding sheet. By
application of these corrections the transformed coordi-
nates should be in sympathy with Yugoslav triangulation
in limit of + 5 meters and would meet only artillery and
cartographic requirements,

The corrections run as follows:
dN from + 7.00m to = 6.51'm
dE from + 9,95 m to =13.70 m,

Since the plane table sections are positioned upon
geographic positions of the Vienna University system
computed from preliminary adjusted regional nets the
sheet corners are not in sympathy with the adjusted
K, und k. M.T, first order net but have displacements
within limits of the above mentioned corrections,

Elevations: The Military Geographic Institute of the
Kustro-Hungarian Empire started precise leveling in
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(1)

(2)

1873, A leveling datum at Molo Sartorio in the Harbour of

este was established in 1875. The elevation of the starting
benchmark at the Custom Guardhouse, (where the tidal gauge con-
structed in 1869 is located) was defined from the observations
of the tidal gauge within the period of one year (1875) to be:

+ 3,3520 meters

above the mean sea level of the Adriatic Sea (0.3780 below N.N.).
The observations covering a period of 8 years (1875, 1876, 1879,
1901, 1902, 1903, 1904) show that the elevation of starting bench
mark is:

3.2621 m £ 0.0099 m

above the mean sea level, consequently the mean sea level determined
in 1875,is too low by 0.0899 meters.

The precise leveling of the Austro-Hungarian Empire is based upon
the value of sea level determined in 1875, which according to the

new determination is 8,99 cm below the correct value of mean sea

level of the Adriatic Sea, therefore elevations are for approx.

9 cm too high,[r¢?]

The third topographical survey started 6 years prior to the establish-
ment of the Trieste vertical datum. Consequently the elevations
used in the third topographical survey are not uniform.

In the larger area of the Monarchy (with the cadastral survey
already completed and utilized in the topographical survey) the
elevations shown on the 1:25,000 and 1:75,000 maps are based on

the elevations of cadastral trig points. These elevations were
determined by means of trigonometric leveling and refer to Adriatic
Sea level, The starting value, in respect to the mean sea level
determined in 1875, is unknown. The disparities fluctuate according
to the regions of survey as for instance:

in the Environs of Vienna by - 2 meters
in Czechoslovakia by + 1 to - 7 meters
in Carpatho-Ukraine by =10 meters
in Tyrol and Carinthia by -1 to - 5 meters
in Bosnia and Dalmatia by + 3 to - 3 meters.

In the areas where precise leveling had been completed at the time
of topographical survey the trigonometric elevations of the Third
toposurvey were tied to the precise leveling (Croatia and Slavonia,
Southwest and Central Hungary). The elevations used in the III
topographical survey of Bohemia, Silesia, Moravia and Western
Slovakia were determined by means of trigonometrical leveling in
1875-1879., The cadastral trig station Kozihon near Mikulovo in
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(3)

2.

Moravia (sheet LLS57) with elevation determined by precise

leveling served as starting elevation. Due to the vertical traverses
extending far away from the starting point Kozihon the elevations
determined in trigonometrical leveling differ from the elevations

of precise leveling determined later by + 1 m to = 7 m. In the

same region primary cadastral elevations determined by trigono-
metrical leveling would differ from the elevations of precise
leveling by + L.9 m to = 8.2 m,!!4

The reambulated (field revised) sheets of the Third topographical
survey have elevations in sympathy with the precise leveling,
because in the areas which had to be revised the precise leveling
was completed prior to the reambulation,

This would explain the differences in the elevations which appear
from the comparison of the map of III topo-survey with the map of

IV topo-survey or with the maps of the new surveys made by successor
states, as well as by the elevations of the triangulation records

of the III Military triangulation and triangulations of successor
states.

Topographical Survey:

a. Construction of plane table sheets: The topographical survey
was executed at scale 1:25,000 by plane table method. For this
purpose the large "graticule sheet" of 15'¢ x 30',was divided
into 16 plane table sheets to be used in the field survey.

The division was made in such manner that the plane table sheets
remain parts of the common projecting plane,

The basic graticule sheet of 15'¢ x 30% was computed by formulae:

a _ AA" ?os do
b _ a A" c;s 43
e

where (1] = log 1
M sin 1" taken for (o + ¢;
2
(2) = log 1
N.sin 1"
30
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It was then divided into L "plane table sections" by halfing
each linear value of meridians (h) and parallels (a,b) at the
scale 1:25,000.

34°30'
] b+ 148.5/0 em \
¢1 = # T T 48°15'
RN ! PRl ]
. : L | 1
S O 5 T
......... o NGRS PPN B
E-%L 4= 1481472 : HS
! | I i
——-——S-:N————— - -
1 | |
' i !
é | 45°0'
% &= /49.238 ¢cm ‘
40 Scale 1:25,000 34°30

For the construction of recatangular trapezoidal plane table
sections the elements:

sides a ,a;, h; (a3 a+b)
ot el -

longer diagonal d_v%)z +(_121_)2
shorter diagonal d =Y(E. b ) + ( _2)2
2 2 2

are given in the tables on page 377 - 380 of the Instruction
for Military topographical survey (File No., B=661,2001 - IIa)!*®
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b.

The plane table section is then divided into L plane table
sheets by halving a and h and by constructing a perpendi=-
2 2

cular at center of base a . By such division a graticule

sheet of 15'; x 30&_ is divided into 8 rectangulars and 8
trapezoids.

Incorporation of the cadastral planimetry into the uniform
graticule system: The Cadastral triangulation of the Austro-
Hungarian Empire with its 10 different systems was computed in
the Cassini projection. (See paragraph II/1 of this study.)
The coordinate axes are formed by the intersection of the
meridian plane and prime vertical plane with the tangent plane
at the point of origin of each system., The southern direction
of the meridian projection represents the positive direction
of the abscissa and the western direction of the prime vertical

projection represents the positive direction of the ordinate axis.

The Austrian mile grid based on the coordinate axes divides
each system into square miles, Austrian mile = LOOO Klafters

= 7585,94 meters, Each square mile represents one triangulation
sheet and is subdivided into 20 cadastral sections at 1:2880 scale.

4000Kl. = 7585.94 meters
1000KI.

800KI.

All cadastral sections of 1000 x 800 Klafters are positioned
within the square mile grid; consequently the problem of in-
corporating the cadastral planimetry into the uniform graticule
system would be solved if the cadastral square mile grid is
constructed on graticule sheets of the topographical survey in
sympathy with the geographic positions. For this purpose the
geographic positions of such cadastral grid intersections
(corners of cadastral sections) which are close to graticule
sheet-corners were computed., This was achieved by using trig
stations which are identical to both the military and the
cadastral triangulations and for which geographic positions
and cadastral rectangular coordinates have been computed, i.e.
from two such trig points and the nearest grid intersection a
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a triangle was formed and the geographic position of intersection
computede The computed geographic positions of the grid intersections
made it possible to fit the square mile grid into the uniform graticule
system, i.e. to plot the sheet-corners of the cadastral sections on
topographical plane table sections., By means of these plotted sheet-
corners of cadastral sections the cadastral planimetry was panto-
graphically reduced into plane table sections. Therefore it would be
correct to state that the Austro-Hungarian maps at 1:25,000 and
1:75,000 scale framed into the theoretically projected uniform graticule
system are in fact based on the geographic positions of the sheet-
corners of the cadastral sections. (See Inclosure 9).

It is eagy to comprehend in theory the incorporation of cadastral
planimetry into the uniform graticule system, but the execution of

this work involved many problems, It is well to remember the following
facts (some of them already discussed):

(1) The geographic positions on which the uniform graticule system
is based have interior tensions which vary as follows:

(a) In the Vienna University system up to 30 meters,
(b) In St. Anna system up to LO meters,
(c) In the areas of empirical adjustment up to 170 meters.

(2) Therefore, if the mean values are taken, the maximal extent of the
displacement of the sheet-corners could be expected to be:

(a) In the Vienna University system 15 meters = 0.6 mm at 1:25,000 scale
(b) In St. Anna system 20 meters = 0.8 mm at 1:25,000 scale
(¢) In areas of adjustment 85 meters = 3,4 mm at 1:25,000 scale,

(3) The cadastral plane rectangular coordinates were computed from
unadjusted or empirically adjusted triangulation,

(L) The assumed exact identity of MT stations with the cadastral
stations used in the cadastral mapping is often questionable
since the cadastral stations were provided with permanent markers
30-50 years after their establishment.

(5) The lack of a sufficiant number of the identical stations on
some sheets necessitated a graphical transportation of the mile
grid from the adjacent sheets.

(6) The disagreement along the junction lines where the cadastral

planimetry from the maps belonging to different cadastral systems
was pantographed on the same plane table section,.

33

Google



All these irregularities resulted in a great deviation of the

Third topographical survey from the standards of a normal survey.

The differences which arose under the described circumstances can

be reduced but cannot be eliminated except by a completely new

survey. In the majority of cases they were reduced graphically

along with the construction of the cadastral mile grid and the
reduction of planimetry on the plane table sheets, Hence the interior
inconsistency of Austro-Hungarian maps at 1:25,000 and 1:75,000 scale.

Available literature contains no chapters discussing the Austro-
Hungarian mapping that would explain the difficulties which occurred
in the positioning of the cadastral grid and in the pantographical
reduction of cadastral planimetry in the plane table sections. These
remain the secrets of the Computing Bureau and of the Map Construction
Branch at M.G.I. In addition to a map analysis showing the defects
of individual sheets and of the map as a whole, the Instructions for
military topographical survey contain some explanations which signifi-
cantly question the accuracy of Austro-Hungarian Maps; for instance:

(1) If the distances from the mile grid line given by Cadaster for
the trig points already plotted by geographical positions are
drawn perpendicularly to the direction of the mile line and if
their ends do not plot in a straight line then the mile line
should be drawn in a "mean position®™ in order to "satisfy" all
requirements, (Pg 25, Part II of the Instructions for Military
topographical survey.)

(2) In spite of all the care taken, in the compilation of the plane
table sectionssome parts especially those without trig points,
are shifted in position., Such parts should be in blue lines
(at map revision) corrected to the true position only if the
extent of displacement is larger than 3 mm. (Pg. 359, Part II
of the Instructions for M.T.S.).

(3) The position of cultural features should be checked from all
trig stations and other accurately determined stations., On the
plane table sections with cadastral planimetry the displacement
should not exceed 1 mm. Of course, the parts "surveyed at home",
the inaccurately surveyed parts, and the parts which had changed
in the course of time could not be considered accurate within
the limits of 1 mme (Pg. 345, Part II of the Instructions for
M.T.S.)s [99]

(4) Because in many cases such differences along the boundaries of
communities were revealed by the pantographical reduction of
the cadastral planimetry it was impossible to place the communities
geometrically in such position that the boundaries would match,
(Pg. 77, Mittheilungen des K. u. ko M.G.I., Vol, I, File No,
B-661.2000/1.)
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Inclosure 9

CONSTRUCTION OF CADASTRAL SQUARE MILE GRID ON GRATICULE SHEET
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The detail survey: The execution of the Third topographical
survey in respect to the survey of detail also was not uniform
over all the Monarchy, The standard procedure of the topo-
graphical survey was only partially applied in those regions,
where cadastral planimetry, old 1:28,800 maps, plans of private
property survey or forest maps were utilized. Hence in general
there are three types of survey:

- Topo-survey based on cadastral planimetry,
- Topo-survey by utilization of old 1:28,800 maps,
- Topo=-survey based on sparse triangulation,

There are some variances also within each of these types,
especially within the second, Although the larger portion of
the Monarchy is covered by detail survey based on cadastral
planimetry, a brief review of the execution of the third or
normal type of detail survey, based solely on sparse triangu-
lation would be needed in order to evaluate the methods applied,
and the completeness and accuracy of the map.

Topographical survey based on sparse triangulation started
with the development of graphical triangulation; the purpose

was to provide within each plane table section a sufficient
mmber of stations and fixed points needed in the detail survey.

(a) Graphical triangulation: To develop the graphical triangu-
lation within a plane table section (approx. 280 km2) at
least three trig stations were given., Starting from these
by the method of intersection a net of graphical triangu-
lation was developed, including 60 = 100 graphical stations
as well as prominent points such as belfries, chapels,
smokestacks, field crosses etc. Graphical triangulation
was executed either on the large plane table at 1:25,000
scale or on the detail plane table at 1:50,000 scale. In
the latter case it was later reconstructed on the plane
table sheet at 1:25,000 scale and of course, the graphical
error was doubled,

(b) Trigonometric leveling: Along with the horizontal determi-
nation of graphical points, vertical angles were measured
and by means of trigonometrical leveling the elevations of
points were detemined. The elevation of each graphical

- point was determined either within a vertical traverse which
was included and adjusted between two trig stations or as
an average value of three forward observations from three
stations with previously established elevations.

(c¢) Survey of detail: In the Third topographical survey
measurement of distances by stadia (tachymetry) was not
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yet in use. Therefore in open areas the detail points were
determined mostly by intersections from graphical stations,
Additional points needed in the drawing of planimetry were
determined by the polar method where the distances were either
measured by pacing or estimated up to 300 paces. The ends of
long straight lines, such as highways, railroads, canals were
determmined by intersection and these straight lines were then
utilized in determination of detail points either by alignement
or by the orthogonal method where the ordinates were paced or
estimated.

In the towns and in compact villages the prominent objects, such
as churches, towers, smokestackes were determined by intersection;
the periphery, the outskirts and main streets were surveyed, the
interior, particulary the side streets, were sketched holding

the plane table on the hand.

Smaller forests were encircled by the survey, the entrances and
exists of roads determined and then the interior was sketched
on the hand,

Large forest regions were also encircled by the survey with the
entrances and exists of the roads, rivers, streams, fire lines
precisely determined. In the interior a sufficient number of
tree-signals, especially on the summits of the main ridges, near
the crossroads, confluences and clearings was determined in
graphical triangulation, other summits, knolls and prominent rocks
were intersected in the detail survey of the surrounding area.
Along the main roads, main ridges and streams compass traverses
tied to the tree-signals were made where the distances were
measured by pacing. The areas confined by the survey of periphery
and by traverse lines, within which were certain intersected
points (summits, knolls, rocks) were then sketched on the hand,

Along with the survey of planimetry (cultural and drainage features
and vegetation outlines) the elevations of the detail pointg
important for the correct expression of the shape of relief’were
measured. The elevations of the intersected points and of the
detail points in the open areas were determined by trigonometric
leveling; meanwhile in the forests the elevations of the traverse
stations and of detail points were determined by barometric
leveling. On the basis of these elevations the relief was expressed
by slope-lines, form lines and hachuring. In this manner only
measured parts were drawn as well as the strips along the ridges,
streams, roads where the compass traverses were measured. By a
careful study of the relief by the observation from the opposite
side (slope, ridge) the drainage lines, slope-lines and form

lines were corrected and then the characteristic of an entire part
was represented by hachuring.
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On the large plateaus covered by woods, where a side study was
impossible, the areas confined by surveyed strips were filled
by the sketching on the hand,

In the large regions of karst the prominent ridges and elevations
important for the orientation and larger depressions were

surveyed, as well as the strips along the roads; other areas

were sketched in such a manner that the general characteristic was
expressed and the orientation made possible.

In order to increase the production the topographers were
encouraged to construct the planimetry and to express the relief
on base of a minimal number of the measured points, as well as
for a large application of sketching on the hand. (Sketching
with the plane table in the hand, oriented by compass, and by
use of pacing and estimation of distances.)

This would be completely understandable if in the Third topo-
graphical survey of the areas surveyed without use of cadastral
planimetry for the plane table sheet of 68 km? (average surface)
the following norms were achieved:

1 Topographer in summer period of 6 months.

ﬂ 2
Type of terrain(TP g§§§2§ gﬁ;ﬁt: Elevations Days]gmmoi:hs :%;e::b
Plain 3 15 | LSO 50 - 150 35 | 350 5.1
Hills 3 25 | 700 [300 - LOO L9 | 250 3.7
 Mountains 3 20 600 |200 - 300 72 [170 2.5

The contour lines with the interval of 20 meters index contours

of 100 meters, auxiliary contours of 10 and 5 meters) were con-
structed during the winter period in the office; they were not
drawn in the field. The drawing of contour lines based upon the
sparse number of elevations and on the drainage lines, slope lines,
form lines and hachures made in the field. The elevations of
points were determined with the following accuracy:

graphical points t 1 meter
detail points + 3 meters
barometric points +10 meters

In the new survey based solely on the sparse triangulation the
topographers were advised to use the plans of private property
survey and the forest maps. At that time such plans and maps
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were made for the large property holdings of the nobility and
are to be found in the offices of estate and forest administra-
tion, The plans or maps at larger scale were condensed and
incorporated in the plane table sheet, For this purpose a
certain number of points shown on the plan or forest map was
graphicaly intersected on the plane table sheet, A parallelo=-
gram grid which facilitated the reduction was constructed upon
these identical points on the plane table sheet and on plan

or map, These private surveys were made in various scales and
with varying accuracy. Forest maps of the klafter gystem
usually were compiled at the scale 1:5760 or 1:11,520 meanwhile
the metric system was also used in survey of the forest maps

at 1:5000 or 1:10,000 scale, Forest maps are based on compass-
traverses tied to the cadastral triangulation or to locally
determined trig points, Usually forest maps show property
boundaries, roads and trails, permanent objects, wood lines

and clearings as well as the forest subdivision delimited by
fire lines or roads and trails, There were no uniform standards
for the execution of private property surveys; consequently
also the accuracy varies. In general the cadastral standards
were used for the plans, but the forest maps were surveyed with
lower accuracy. With very few exceptions the relief was not
represented on the private plans and forest maps.

(2) Topographical survey based on the cadastral planimetry: In the
regions where the topographical survey was based upon the reduced
cadastral planimetry the graphical (plane table) triangulation
was either omitted or only partially developed. Usually the
positions of a smaller number of stations were determined
graphically, the vertical angles were measured, and the elevations
were computed, From these stations the position of cadastral
planimetry was checked and the elevations of intersected and
detail points were determined,

The reduced cadastral planimetry often was plotted in erroneous
position and the extents of displacement varied. In addition

to irregularities discussed in paragraph 2/b on page 33 the
extent of displacement was influenced by the reduction, plotting,
duplication and distortion of paper due to changes of atmospheric
condition,

In such cases the cadastral planimetry should be shifted into
agreement with the intersected positions of cultural features,
Such shifts would be only locally possible and in many cases,
particularily in the areas of adjustment, were subjected to
compromises,

In the areas belonging to large property holdings, especially
in the large forests, the trails, paths, small streams, springs,
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ravines and clearings (unless such features represent the
property lines) were omitted or merely sketched in the cadastral
survey; therefore these features must be included in new
topographical survey. Also the areas with vast changes of
cultural features, river-channels and woodland must be surveyed
anew because cadastral maps had became obsolete, Large forest
regions, because of very sparse cultural features shown on the
cadastral maps, ordinarily would require the development of

plane table triangulation and a complete detail survey. Normally
the reduced cadastral planimetry was revised only in the field
and brought up to date with new cultural features., While
revising and completing the planimetry, the topographers observed
the vertical angles and computed such elevations as were needed
in the topographic expression of the relief. The accuracy as
well as the number of determined elevations were the same as

in the new survey based solely on sparse triangulation. The
drawing of contour lines was accomplished in the office during
the winter time,

The topographical survey of Bosnia and Herzegovina (1880-1887)

is completely identical in position with the cadastral survey.
(See paragraph (L4) on page 26-28)., The cadastral sections are

cut within the uniform graticule system based on the military
triangulation common to both, cadastral and topographical survey.
Therefore the reduction and plotting of the cadastral planimetry
on topographical plane table sheets was accomplished without
difficulty. The topo survey of Bosnia and Herzegovina should be
considered as the best within the Third topographical survey of
Austro-Hungarian Empire, with the exception of a few northwestern
sections surveyed in 1880 without cadastral planimetry (See
Enclosure 6) and those large forest regions into which the
topographers dared not penetrate because of the danger of meeting
guerilla units,

The average norms of production achieved by 1 topographer in the
summer period of 6 months are as follows:

Days used for 1 |[Plane table she-|Kkm® surveyed

Type of terrain [;)ane table sheet|ets surveyed. in 6 months

Plain 20 9.0 612

Hills 28 6.4 L35
ountains covered

woods 38 Le7 320
Karst and high

ountains L9 3.7 252
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(3) Topographical survey by utilization of the old 1:28,800 map:

In Central and Southern Hungary the enlarged and recasted
1:28,800 sheets of the Second topographical survey were
utilized in order to maintain the progress in the survey
since no complete cadastral survey was available, The
utilization had certain variances:

(a)

(b)

In the area surveyed in 1881 and 1882, the recasted
prints in faint blue colour were composed (as already
discussed in paragraph (3a) and then revised in the
field. The blue colour when exposed to atmospheric
conditions either dissolved or turned green. This
green colour would reappear in the photography and
needed to be erased from the manuscripts. Due to the
extensive displacement of the planimetry as shown on
the recasted blue lines in relation to the positions
of plotted trig points the manuscripts were often
subjected to excessive erasures; therefore in the surveys
of following years the blue lines were no longer used,

In the area surveyed in 1883 and 166l, the useful
planimetry and form lines of the old 1:28,000 sheets

were pantographically enlarged into 1:25,000 plane table
sections and then revised in the field. In some sections
graphical triangulation was developed as for a completely
new survey. On the base of interesected points the
enlargements of the old survey on transparent paper

were then copied in the new survey. The parts of the
old map which did not agree with the features on terrain
were covered by a new detail survey. In certain areas
records of private cadaster were used as discussed on

pages 37-38.,

The average norms of production achieved by 1 topographer
in the summer period of 6 months are follows:

; — .
“ Type of terrain ays used of 1 | plane table Kmisurveyed in

a_- Survey 1881 and 1882

Plain 26 6.9 L69
Hills with many
details 32 5.6 383

b - Survey 1883 and 1884

Plain with woods
and swamps 28.5 6.3 428

details

Hills with many

33.5 S.ls 367

Middle Mountains 30.5 5.9 Lol
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The time periods according to provinces surveyed in the Third
topographical survey of the Austro-Hungarian Empire ar< as follows:

Transylvania 1853 (1863) - 1873
Tyrol and Vorarlberg 1869 - 1872
Salzburg 1871 - 1872
Carinthia 1871 - 1877
Styria 1872 - 1878
Lower Austria 1872 - 1878
Bucovina 1873

Upper Austria 1874
Galicia 1874 - 1876
Hungary 1875 - 1884
Silesia 1876
Moravia 1876 - 1877
Littoral 1877 - 1878
Carniola 1877 - 1878
Bohemia 1877 - 1879
Croatia and Slavonia 1878 - 1881
Dalmatia 1880 - 1884
Bosnia and Herzegovina 1880 - 1887,

3. Reambulation (instrumental field revision) of
1:25,000 manuscripts.

The previous discussion about the geodetic foundation and the
execution of the Third topographical survey demonstrated the
variances of the control used, of the survey material utilized,
of the methods applied and of the accuracy achieved in various
epochs and in different regions covered by this survey. This
discussion convincingly showed a complete lack of uniformity.
It is selfevident that the plane table sheets with the reduced
cadastral planimetry represent a topographical survey of much
higher precision than those sheets with sparse plane table
triangulation and cultural features sketched on the base of
pacing and distance-estimations., Furthermore, the survey of
the early years accomplished by inexperienced topographers
using primitive instruments was obviously less accurate than
the survey of the last epoch made by experienced topographers
with improved instruments., Consequently there would be various
degrees of the field revision between the inclusion of supple-
mentary cultural features and a resurvey.

a. The primary goal of the field revision initiated in 1885
was to bring up to date the 1:25,000 map of the Third
topographical survey by supplementing the cultural features.
The secondary goal was to estahlish the uniform standard
for accuracy and completeness of the map in the various
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regions and for the different epochs, Moreover there
existed at that time a demand expressed by certain civilian
authorities for a 1:25,000 map which would satisfy not only
military requirements but also the need for provisional
study of road, railroad and canal constructions.

The realization of these goals was thwarted by the too
rapid tempo of field revision dicated by the military

necessities., In order to complete the reambulation in
the shortest possible time the territory in the order

of its importance from the military point of view was

divided into these three categories:

(1) The regions along the international boundaries (pre-
sumptive battlefields) and important operational
routes, where all details should be revised,

(2) The regions suitable for military operations (possible
battlefields), rolling areas, hilly land, valleys and
settled areas, where only the details of military
importance should be revised and supplemented.

(3) Mountains and extensive forest regions; in general
the areas without settlements and seldom frequented,
where only such inaccuracies should be corrected as
would be perceptible in the 1:75,000 map.

be. Considering the geodetic control and other basic data used
in the original topographical survey the following improve-
ments of the 1:25,000 map were accomplished by field revision
(reambulation):

(1) The triangulation was resurveyed and densified by additional
trig points:

1885 = 1890 in Transylvania,

1887 in Istra,

1891 - 1894 in Northwest Hungary (Slovakia),
1893 in Moravia,

1894 in Southeast Hungary (Vojvodina).

The blue and brown lines provided by the plotted trig
points were then used in the field revision,

(2) The triangulation, particularly the cadastral triangulation,
was attached to the precise leveling:

1885 in Tyrol and Vorarlberg,
1885 « 1890 in Transylvania,
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1887 - 1890 in Bucovina,

1888 - 1892 in Galicia,

1892 - 1893 in Bohemia, Moravia, Silesia, Lower Austria and
Hungary (Slovakia).

Starting from the stations with the elevations determined

by precise leveling, the elevations of a certain number

of trig stations were determined by trigonometrical

leveling and then the elevations of all other trig points
recomputed by use of the old observations. For the

field revision the topographers were provided with the
elevations of trig points in sympathy with precise leveling.
(Precise leveling at that time was not yet finally adjusted.)

(3) In the Third topographical survey of Tyrol and Transylvania
(as already mentioned on pages 6-7) old rectangular sheets
of Cassini projection were used., These rectangular sheets
were recasted into uniform graticule sheets; consequently
in the field revision the blue lines of the polyhedric
graticule sheets were used.

(4) The cadastral planimetry pantographically reduced on
transparent paper was given to topographers to be fitted
on the blue lines of the sheets originally surveyed without
cadastral records. The planimetry was plotted in the field
along with the checking of cultural features, The addi=-
tional planimetry of the revised cadaster on the blue lines
of the sheets surveyed by use of cadastral records was
likewise plotted in the field.

ce The field work started with the reconnaissance of the area, In
case of sparse triangulation during the reconnaissance 5-8 signals
in the area of one plane table sheet were erected and determined
in position by graphical intersection. From the trig stations
and intersected points the positions of cultural and relief features
were then checked by sights and by measurement of vertical angles
and in cases of disagreement were properly corrected, In the
corrections of the position of cultural features it was a general
rule that the completeness and the local agreement (the relative
position) are more important than the correct position; therefore
in the case of a systematical displacement (shift) of the cultural
features within 3 mm the correction was not applied. A new and
better topographical expression of the relief was in general not
the concern of the field revision, Some local corrections were
made in cases of falsely expressed parts of the relief or where
the relief had to be brought into agreement with the newly=-
surveyed railroads, roads and other points of military importance.
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The elevations of the 1869 - 1872 topographical survey were
resurveyed and corrected if they differ:

in the rolling areas 2 and more meters,
in the mountains 5 and more meters.

The sheets of this survey were also supplemented by newly-determined
spot elevations. All measurements of elevations started from
points with elevations based on the precise leveling. The

manuals of vertical angles of intersected points and spot eleva-
tions of the survey of 1873 and of later surveys were still
available; therefore only the starting points of the vertical
traverses were reobserved from the stations with the elevations

in sympathy with the precise leveling., The elevations of other
points were corrected by the differences obtained on starting

pOints .

The hypsometry was reconstructed and new contours drawn only

in the cases where complete vertical control of the original

plane table sheet was in error. Partial corrections were made

in such cases where in certain parts of the plane table sheet

the differences between the newly determined and the old elevations
were so large as to require a considerable shift of the contours,
The reconstruction of hypsometry and drawing of contour lines

was again not accomplished in the field, but in the office.

The revised blue lines of such plane table sheets where many
corrections were made were inked in the office during the winter
season, In these manuscripts only such parts of the relief

were hachured where the correct expression of the relief would
require the hachuring; other parts of the relief were expressed
only by contours. The steep and uniform slopes were represented
only by 100 m contour lines, The blue lines of such plane

table sheets, where only a small number of corrections occured,
were not inked but the corrections and supplemental features
were copied in the old manuscripts.

It was planned in advance that the norms of production in the
field revison would be at least doubled in respect to the original
survey. This norm was scarsely reached in the plains and high
mountains, Meanwhile the field revision in the rolling areas

and hills, with many details, required approximately the same
number of days as the previous new survey., This tends to show
that the 1:25,000 sheets in such areas were supplemented with
many details and also that the expression of planimetry and

relief was improved,

The average norms of production achieved by 1 topographer in
the 6 months summer-period are as follows:
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Days used for 1 | Plane table Kmé surveyed in
Type of terrain plane table sheet| sheets surveyed|6 months
Plain 17.6 10,2 694
Hills
with many details| h2.,1 Le3 292
MiddIe mountains 3h.h 5.2 354
covered by woods
Mountains Lo.o L.S 306
High mountains 29.9 6.0 Lo8

Of 2780 plane table sections comprising the 1:25,000 map of
Austro-Hungarian Empire only 860 (36.1 % of surface of the entire
Monarchy) plane table sections were reambulated, The reambula-
tion covered the following provinces:

Tyrol and Vorarlberg 1885 - 1889
Transylvania 18688 - 1894
Galicia 1892 - 1896
Bucovina 1894 - 1895
Istria and Croatian Coastland 1908

Bosnia and Hérzegovina 1907 - 1913
Bohemia (strip along German boundary) 1910 - 1913
Slavonia and South Hungary 1913

(See Inclosure 2),

d. The survey and reambulation in Transylvania:

At this point it is well to mention certain particularities of
the topographical survey and reambulation carried out in Trans-
ylvania, which was at that time an autonomous princedom of the
Monarchy. The topographical survey in order to cover the
territory of the princedom had already been initiated in 1853,
i.e, prior to the "provisional instructions" which in 1860
introduced the measurement of elevations of the detail points
and drawing of contours, Only a small portion of Transylvania
was surveyed by old standards without contour lines; the largest
part was surveyed in 1869 = 1873, by standards prescribed in

the "provisional instructions"., In order to preserve the
continuity of the survey there were retained:

the old 1:28,800 scale, and
the old sheet lines of Cassini projection;
rectangulars with dimensions:

2L x 16 Zolle = 9600 x 6LOO klafters
or

63,216 x 42,14l em = 18,206.2 x 12,137.5 meters,
and surface:

220,978 square kilometers.,

Ls

Google



The sheet lines were parallel to the coordinate axes (prime
vertical and meridian) of the origin Sibiu (Hermannstadt)
Observatory with:

= L5° 50' 28495
A= }1° 46 39,00
o= 3590 16 33.78 to Presbe,[!

The topographical survey was based solely on sparse triangulation
with an average density of 3 trig points to 221 square kilometers
(1 rectangular sheet)s The records of the cadastral survey were
not utilized. By plane table triangulation a net of about 50
graphical stations was developed and from graphical stations

about 1250 detail points were intersected. These 1300 determined
points (6 points to 1 km?), about 800 of them with elevations,
served as a skeleton of the planimetry and of the relief., The
average norm achieved by 1 topographer in 6 months was 228 km2

( 1 quadrangle + 7 km2), Because Transylvania is a mountainous
area covered by large forests and because cadastral records were
not utilized in the survey, the number of measured points as

well as the norm achieved are a sufficient proof that the 1:28,800
map of Transylvania represented the worst part of the Third
topographical survey. Therefore at the outset of the reambulation
of the sheets of the Third topographical survey it was decided

to incorporate the map of Transylvania into the uniform graticule
system and to improve it by reambulation,

The reambulation started in 1888 and was completed 1894, The
area of about 56,000 km? was covered by 208 plane table sections
(632 plane table sheets). The rectangular sheets of Cassini
projection were recasted in the uniform graticule sheets., The
procedure was the same as already discussed in the paragraph
(3,b) on page 20 with the exception that the composing of enlarged
fragments of 1:28,800 map occured on a glass plate. The
1:25,000 polyhedric plane table sections composed in this manner
were photographed and blue lines printed. Because the old
triangulation (about 750 trig points) was of inadequate density
and because a large number of markers had already disappeared,
the triangulation of Transylvania in 1885 = 1890 was resurveyed
and densified by the additional 1200 points, Along with this
work the elevations of trig points were brought into sympathy
with the precise leveling. The trig points (together about 1950)
were plotted on the blue lines which were then reambulated in
the field, Approximately 9 trig points were plotted on a plane
table section (1 trig point to 30 km@),

The cadastral planimetry was only partially utilized in the
reambulation, because the cadastral survey was not yet completed.

The entire planimetry of 200 cadastral communities and the
planimetry of the forest regions of 338 cadastral communities
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were pantographically reduced on plane table sections. In
addition to these records of official cadaster the records

of private cadaster were utilized., With the above-mentioned
exceptions the reambulation was carried out in the same manner
as in other provinces.

The connection of recasted and reambulated sheets of Transylvania
with the sheets in Hungary was not achieved satisfactorily,
as already pointed out in paragraph (3,b) on pages 23-2l.

The average norm achieved by 1 topographer in 6 months was:
1 plane table sheet reambulated in L1 days:
L.4 plane table sheets or 300 km¢ reambulated in 6 months.

Considering the inadequacy of the survey of the basic 1:28,800

map enlarged to 1:25,000 scale, the fact that cadastral material
was only partially used, and the large average norm achieved

in the reambulation, the reambulated sheets of Transylvania

would be less complete and accurate than those in other parts

of the Monarchy surveyed by the utilization of cadastral
planimetry. Scaled positions disagree up to 150 meters. The
detail compared with the new Hungarian 1:50,000 map show con-
siderable differences either in cultural features or in the relief.

Maybe some contribution for a better evaluation of the 1:25,000
manuscripts of the Third topographical survey will be made by the
'following statement:

Major-General Otto Frank, Commander of the Military Geographic
Institute in his article "Landesaufnahme und Kartographie®
(Topographical survey and Cartography), published in the
Mitteilungen des K.,u.k. M.G.I. Vol. 2L, page 66, made this
statement about the Austro-Hungarian 1:25,000 map surveyed in
1869 - 1886 and its field revision: "A rectification of the
1869 - 1886 topographical survey immediately after its completion
was planned and for the execution of the rectification a correct
rule was established: 'To provide the survey-material which
would satisfy only military requirements', A rectification of
the mentioned survey which will meet the technical requirements
would be inconceivable, Such a rectification would primarily
require new accurately surveyed vertical control, new drawing

of contours, thence a new topographical expression of the relief,
which would mean almost a new survey",[*4]

In the same article Gen., Frank proposed a new topographical
survey at 1:10,000 scale with 1 trig point and approximately

100 measured elevations to 1 square kilometer, and the topo-
graphical expression of the relief only by contours to be drawn
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along with the survey in the field. The article was published
in 1904, but from that time up to the present the requirements
in the military mapping have become much more rigorous,

The Fourth Topographical Survey 1896 - 191} (Prizisionsaufnahme).

The Austro-Hungarian Military authorities in 1885 concluded that
the 1:25,000 map of the Third topographical survey was inaccurate
to such a degree that it could not be sufficiently improved

by reambulation to meet the military requirements of that time,
Hence, the Military Geographic Institute in 1896 initiated a

new topographical survey of much higher precision. For the

first time in the history of Austro-Hungarian mapping quality
was given priority to quantity, and stereophotogrammetry in this
survey was extensivily applied, particularily in the high

regions of the Alps., World War I and the consequent dis-
integration of the Austro-Hungarian Empire prevented the completion
of the IV Topographical survey,

Altogether there were surveyed L80 plane table sheets comprising
only 5.0 % of the Empire territory, covering parts of the
provinces, Tyrol, Carinthia, Carniola and Littoral (See Inclosure
10).

l, Geodetic foundation:

a., The ellipsoid of Bessel was retained in the fourth
topographical survey,

b, The polyhedric projection was also retained. In the
survey of 1896 - 1902 the sheet bounded by meridians
and parallels of 15' in latitude and 30' in longitude
was still used as the projecting plane. After 1902,
in order to reduce the distortion, each plane table
sheet of 3'45" in latitude and 7'30" in longitude (1/16 part
of the graticule sheet 15'¢ x 30% ) was used as an
individual projecting plane,

c. Triangulation: Since a uniformly adjusted first order
net, oriented at Hermannskogel datum did not yet exist
at the outset of the Fourth topographical survey, the
topographical survey executed in the years 1896 till
1902, still was based on geographic positions of the
positions Rechnungen. (M.G.I. Protocol 290 A and B).

(1) The 1:25,000 plane table sheets covering the parts
of provinces Carinthia, Carniola and Littoral (east
of meridian 30° 30' east of Ferro) are based on
geographic position as of Vienna University system.
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An average difference of geographic positions of Vienna
University system from GPs of Hermannskogel datum in
this area would be:

ad = + 193
Al = - 503

The 3rd order triangulation executed for the purpose

of the IV Topo-survey, into which were included those
cadastral trig points for which markers were found,

was in 1900 - 190L, (after its utilization in topo-survey)
tied by means of a sparse 2nd order net to the uniformly
adjusted first order net oriented on Hermannskogel datum,
It was then adjusted and recomputed., Such inverse
development of triangulation in this area plus the fact
that some of the 3rd order points at the time of the
execution of the 2nd order triangulation had already
been lost, produced an irregularily developed net which
can not be considered satisfactory for all the area
surveyed, The part of this triangulation (1:200,000
sheets Trieste and Ljubljana) was published in 1906

in "Die Ergebnisse der Triangulierungen" Vol, L, File No.
B-661.3300/V.k.

(2) The plane table sheets in Tatra (former Hungary, now
Slovakia) and in Galicia are based on geographic positions
of St. Anna System,

(3) The plane table sheets in Tyrol are based on preliminary
adjusted III Military Triangulation oriented on Hermannskogel
datum with:

d,= LB° 16' 15129 + oroL
A= 330 57' 11,06 East of Ferro
Oh= 107° 31' 41,70 + O"18 to Hundsheimer Berg.

d, Elevations: The elevations determined by means of trigono-
metric leveling are based on the elevations of precise
leveling (1873-1898) with the vertical datum Molo Sartorio
in Harbour of Trieste. (See chapter III/1d on page 28-30),

The required accuracy of elevations of trig points was + 0.5 m.

2. Topographical Survey:
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