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Abstract: This work concerns the assessment of the cartometricity of the 19th century
plan of the village of Lobzow near Krakow in Poland, known as “Mapa Lob-
zowa z przyleglosciami”. The plan has not been researched in this respect so
far. The aim of this study was to establish its scale and orientation in relation
to directions of the world. A high resolution raster of the plan provided by the
Historical Museum of the City of Krakow was used for the study. At first, an
attempt was made to clarify the date of the plan’s origin. An analysis of infor-
mation contained in archival documents shows that the plan of Lobzow was
most probably created between 1824 and 1852, which corresponds with the
period when the large-scale cadastral map was developed in Galicia. Therefore,
selected sections of this map, from the area covered by the plan, were used for
research. The scale value of the Lobzow plan was calculated using the lengths
of sections between selected points on the plan and map. The calculated plan
scale is close to the scale of the detailed map section detailed sheet of the ca-
dastral map. It was established that the plan of Lobzow has the orientation
relative to magnetic north as was common in the first half of the 19th century.
The mutual dependencies between the orientation of the plan and the cadastral
map in relation to the direction of true geographical north were illustrated. The
final result of the work was to show the changes in the topography of Lobzow
that have taken place over nearly 200 years.
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1. Introduction

“Mapa Lobzowa z przylegtosciami” (“Map of Lobzow with Its Environs”) is the
name of a 19th-century plan that presents the topography and land development
part of the village of Lobzow (Lobzow) near Krakow (currently in the 5th district
of Krakow-Krowodrza, in Poland). This plan was found in the 1980s in the collec-
tions of the Historical Museum of the City of Krakow [1], and made available in
a digital form [2]°. The exact date of its creation is unknown. The name of its au-
thor has also not been determined. So far, this little-known plan of Lobzow has not
been researched in terms of its cartographic properties. Research on such archival
documents is the basis for further research in the field of identification and geo-
graphical location of objects, spatial arrangement of phenomena, determining their
ranges and courses, e.g. examining borders, communication routes, changes in set-
tlement, etc. [3]. Establishing the accuracy of an old map or plan is of paramount im-
portance in studying the above-mentioned phenomena quantitatively. Therefore, in
the first place, attempts are made to determine the georeference of such maps, or at
least their scale and orientation. Research in this area has been frequently undertak-
en, both in terms of methodology and practice. Examples include the works [4-13].
They attest to the great and unflagging interest in archival cartographic documents.

Due to the probable period of the creation of the plan of Lobzow (mid-19th cen-
tury), it should be compared with two other cartographic documents: the Kottataj's
Plan from 1785 or the cadastral map from the mid-19th century. The above-men-
tioned cartographic documents have already been adequately researched [6, 14, 15].
They are the only large-scale documents from this period that contain the topog-
raphy of the vicinity of Krakow, including Lobzow. The visual assessment of the
topography presented on the plan of Lobzow resembles more the state of land de-
velopment shown on the cadastral map. Moreover, the cadastral map, unlike the
KoHtataj’s Plan, should be considered an accurate and more reliable cartographic
document. In connection with the above, it was decided that the study of the scale
and orientation of the Lobzow plan would be carried out in relation to the cadastral
map. The current topography of Lobzow, significantly changed compared to the one
from 200 years ago, makes it impossible to conduct direct research, i.e. with refer-
ence to the current topography of this area.

2. Description of the Plan of Lobzow

The “Map of Lobzow with Its Environs” is also known as “K. Gotuchowski’s
Plan”. This name comes from the added initials of the name and surname under the
lower frame of the plan (Fig. 1). The plan of Lobzow was drawn in ink on paper sized

* In the catalog, the map was called “Plan czesci Lobzowa z patacem i ogrodem”.
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452 cm x 55.8 cm [2]. Lobzow shown on the plan occupies an area of over 1 km?.
What stands out in the plan is the centrally located garden area at the Lobzow Palace
and the Mlynéwka Krélewska River, encircling it from the south and east (Fig. 1).

_ Esterkamound -+

Fig. 1. The plan of Lobzow with topographic objects
and the approximate course of the present streets

Source: own elaboration based on [2]

Three main roads are also visible. The western road can be identified as a frag-
ment of the present Bronowicka Street (Figs. 1, 5 — Chap. 6, p. 47). Its extension
roughly to the east coincides with a fragment of the present Kazimierza Wielkiego
Street. The longest road running on the east-west axis is on the southern edge of the
plan. It should be identified as the current Juliusza Lea Street. The only road running
longitudinally is the present Warmijska Street (Figs. 1, 5).

On the southern edge of this road, a small mound with a cross was marked us-
ing hachure marks. This mound has been preserved to this day, at the intersection
of Warmijska and Lea streets. Along the roads on the plan, the locations of the few
buildings and bodies of water (ponds) were marked. Apart from the topographic
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content, the borders of arable land were marked on the plan of Lobzow, but with-
out detailed borders between individual land parcels. The type of arable land is
explained in the legend to the left of the plan. In the legend, you can also find the
symbols of buildings divided into permanent and non-permanent, symbols of fenc-
es and even wells. The wooded areas were marked on the plan using the sign meth-
od. In the part of the plan that shows the palace garden, alleys and flowerbeds were
marked, with the centrally located Esterka’s mound (Fig. 1). The mound has not
survived to this day, but its location has been recreated using old maps of the vicin-
ity of Krakow [16].

Few elements of Lobzow’s topography shown on the map have been preserved
to the present day. To this day, the above-mentioned lines of roads (fragments of
the present streets), as well as the mound with a cross at the end of Warmijska
Street (Fig. 1) have survived. It is highly probable that the western fence of the gar-
den (along the present Glowackiego Street) can be included among the preserved el-
ements of the topography. In terms of the surviving buildings from that period, only
the southern wing of the palace (expanded in the 19th century) can be mentioned.
This shape of the palace and the condition of the garden make it possible to estimate
the date when the plan of Lobzow was drawn up. At the end of the 17th century, the
Lobzow Palace was a building closed around an internal courtyard. It obtained such
a closed form in the second half of the 16th century [17]. War damage from the be-
ginning of the 18th century and the lack of renovations meant that at the beginning
of the 19th century, only the remains of the southern wing were left of the palace.
The open form of the palace can be seen on KoHataj’'s Plan from 1795 [6]. In 1824, the
southern wing of the palace was renovated, and the ruins of the remaining wings
were removed [18]. The alleys of the palace garden were also put in order and re-
constructed. Comparing the condition of the garden from KoHtataj’s Plan with its
condition on the plan of Lobzow, the latter shows more details of the composition of
the garden (alleys, flowerbeds, ponds, etc.). It is also known that this area of Lobzow
was purchased in 1852 by the Austrian authorities to organise a military school [18].
The palace was then extended to its present form (the western part of the palace was
enlarged). This old and new form of the building can be seen on the cadastral map
from 1848 (Fig. 3a — Chap. 5, p. 43). The outline of the new building is marked there
in red against the background of its original shape (black) (Fig. 3a). The course of
events described above shows that the condition of the palace and garden presented
on the plan of Lobzow dates back to the period between 1824 and 1852.

The purpose of the plan of Lobzow has not yet been established. Perhaps it was
an inventory of the state of the palace and garden after the modernisation works and
the state of land development in the immediate vicinity. Thus, it could be a support-
ing document, e.g. in a planned sale or lease transaction of this area.

Important information that indicates the cartometric properties of a map or plan
is the information concerning the manner in which they were prepared. However,
no such information was provided on the plan of Lobzow. It lacks a frame that is
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typical for a map, as well as markings of the cartographic control network. The value
of the plan scale was also not provided. The plan does not show geodetic control
points or directions to landmarks, which was typical for the method of map prepa-
ration employed at that time — plane tabling. The only information that determines
the orientation of the plan is the north arrow (Fig. 1). It is complemented by a line
of an additional direction without a description, with perpendicular directions. This
additional line deviates to the east of the marked north direction by nearly 25°. This
line is almost perpendicular to the main and longest road on the southern edge of
the plan (the deviation from the right angle is only 47").

3. Description of the Cadastral Map

Cadastral maps for the area of Western Galicia were created at the end of the
first half of the 19th century, i.e. at the time when the plan of Lobzow was most
likely drawn. Their mathematical basis was the rectangular coordinate system X, Y,
known as the Lviv cadastral system. The name “Lviv” refers to the starting point of
the system (X =0, Y =0), located on the Castle Hill in Lviv. The cadastral systems
in Austria were developed as a result of triangulation measurements carried out
in the years 1817-1830 and 1841-1851 [14]. The adopted X and Y axes of the Lviv
system had a south-west orientation. The X axis of the system divided the area of
Galicia into two zones: the western (marked WC) and the eastern (marked OC). The
cadastral map sheets in this system were created with grid reference. The area of
a given zone was first divided into large triangulation sheets, and then into smaller,
so-called detailed map sections at a scale of 1:2880. Topographic content and bound-
aries of properties are only found in detailed map sections. These map sections are
also referred to as the “cadastral map in the Austrian partition”. The above-men-
tioned scale of the map resulted from the established size of map sections, their
adopted division and the unit of length (Viennese inch and fathom), used in Aus-
tria until 1876. The cadastral map sheets have a cartographic control network in the
form of a rectangular frame with lines marked 1 inch apart (Fig. 2 — Chap. 4, p. 42).
Neither the corners of the frame nor inch marks were described with coordinates.
Due to the division of the cadastral communes, a given precinct with a specific name
usually consisted of several fragments of map sections. A complete frame was not
placed on such fragments of map sections. This is the case of the “Lobzow” precinct,
which is covered by four detailed map sections (Fig. 2). On each of them, there is
only one part of the frame along the X axis, common to all map sections.

The cadastral coordinates of any point on a cadastral map can only be deter-
mined in relation to the coordinates of the corners of the given map section or the
coordinates of the inch marks of the frame. For a given map section, these values
should be calculated using its identification number, appropriate dependencies re-
lated to the size of the map section and the conversion of fathoms to meters. Using
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the dependencies given in [15], the coordinates of the lower left section of the map
with the identification number “WC XXXIX 12dg” were calculated in the cadastral
system: X =-33 378,11 m and Y =295 851,50 m (Fig. 2).

4. Comparison of the Plan of Lobzow and the Cadastral Map

Figure 2 shows the sections of the cadastral map for the Lobzow precinct. This
precinct is included on the fragments of 4 detailed map sections (map section frames
are marked in red). Paper copies of the map for this precinct are included on two
sheets (the edges of the sheets are marked in green). They are now made available
in such form [19]. In accordance with the adopted rule of division into precincts, the
map of a given precinct was created on a fragment of a detailed map section. Often
the adjacent detailed map sections on one triangulation sheet were combined into
one sheet. The map section fragments on the sheet were numbered with Roman
numerals. The frame that was often left on the map was the one closest to the area
presented on the map. In the case of the map of the Lobzow precinct, a fragment of
the map section “WC XL 12ag” was combined with a fragment of the map section
“WC XL 12ah” and constitutes one, western sheet (with the markings I at the top
and III at the bottom) (Fig. 2). Both above-mentioned map sections are located on the
“WC XL” triangulation sheet. Similarly, one sheet (marked II and IV) is a combina-
tion of fragments of map sections “WC XXXIX 12dg” and “WC XXXIX 12dh”.
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Fig. 2. Fragments of sheets of the cadastral map for the Lobzow precinct in Krakow

Source: own elaboration based on [19]
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The scans of both sheets of the cadastral map shown in Figure 2 were made reada-
ble. They were supplemented with the missing numbers of the detailed map sections.
The existing frames and inch marks were accentuated, as well as the border of the
Lobzow precinct; the names of the neighbouring precincts were enlarged. The plan
was also supplemented with the directions of the X and Y axes of the cadastral system.
The area covered by the plan of Lobzow is marked with a dashed line (purple). Thanks
to this, it can be seen that the plan showed the most developed part of Lobzow. In
addition to a part of the Lobzow precinct, the plan of Lobzow also includes the west-
ern part of the Nowa Wies precinct, and on the western side — also a small part of the
Bronowice Mate precinct (Fig. 2). It is in this part of the plan that its border coincides
with the border between Lobzow and Bronowice Mate precincts on the longest section.

5. Determining the Scale of the Plan of Lobzow

To determine the scale of the plan, its 600 dpi raster scan was used, made avail-
able to the author by the Historical Museum of the City of Krakow. Due to the lack
of information concerning the details of drawing the plan, such as reference area,
map projection, etc., the only way to determine the scale of the plan is to compare
the corresponding lengths on the plan with true lengths. This method was used in
the examination of the KoHataj’s Plan [6]. However, due to the relatively poor and
significantly changed topography of Lobzow, it was decided that the plan’s scale
would be determined with the use of a cadastral map. The topography presented
on the plan corresponds to that shown on the cadastral map, which makes it easier
to find corresponding reference points on the plan and on the map. To identify such
points, a fragment of the cadastral map was used (part of the combined map sections
WC XXXIX dg and dh) that covers the area surrounding the Lobzow garden (Fig. 3a).

-

Fig. 3. Area of the palace and garden in Lobzow: a) fragments of the eastern sheet
of the cadastral map of the Lobzow precinct; b) a fragment of the plan of Lobzow

Source: own elaboration based on [2, 19]
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First, the scale of the raster of the map was calculated. For this purpose, 10 inch
marks on the western, meridional frame of the sheet were used. Nine lengths between
successive marks from K6 to K03 on the raster of the map were compared (Fig. 3a)
with the nominal, field value of this distance (1):

L _zm]__ 1[m]
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where:
m,,, — scale of the raster of the cadastral map,
D,,,— an average distance between inch marks in the units of the map raster.

The slight inaccuracy of the scale calculated in this way (standard deviation +2)
results from inaccuracies in the drawing of the sheet, deformation of the paper it is
drawn on, scanning inaccuracy and inaccuracy in the identification of the inch mark
on the raster. The calculated scale characterises only the meridional direction, as there
is no latitudinal frame on the sheet. It is worth noting, however, that this fragment of
the plan of Lobzow is located close to the meridional frame of the map (Fig. 3a), but
also close to the latitudinal frame (Fig. 2). Thus, it can be assumed that the value of
the scale in both the latitudinal and the meridian direction may be similar.

Subsequently, the m,, scale was used to calculate the terrain coordinates of
nineteen selected points on the map (X, Y),,, with the formula (2), based on their
raster coordinates (X, Y), .:

(X/ Y)MT =Myr '(X/Y)MR (2)

The points were the corners of buildings or fences, river bends or other charac-
teristic landmarks (Fig. 3a). In this way, the location of the points in a certain local
terrain system was obtained. These points were clearly identified also on the plan
of Lobzow (Fig. 3b). The terrain coordinates of the points on the map (X, Y),,, were
used to calculate the length of sections between the points (d,,,).

The next step was to calculate the scale of the raster of the plan of Lobzow. It was
necessary because the plan of Lobzow was made available only in the form of a ras-
ter. The value of the raster scale was obtained by comparing the length and width of
the plan in raster units and nominal units of the paper sheet [2]. The average scale of
the plan raster was m, ,, =1 m/0.93587282 +0.009. The value of this scale is definitely
less accurate. This is mainly due to uneven, damaged corners of the plan.

The measured distances between the points on the plan raster were then re-scaled
according to the m,, . value. In this way, the distances between points on the plan (d,)
were obtained. Finally, the m, plan scale was calculated using the formula (3):

4, [m]
" m] ®




An Attempt to Establish the Scale and Orientation of... 45

The 42 longest sections between the selected points (2/3 of all sections between
the identified reference points) were chosen for calculations with the formula (3).
These sections were between 286 m and 472 m long and had varying azimuths. The
average value of the plan scale calculated using the formula (3) for the above-men-
tioned segments was 1:2900, with the standard deviation of the scale denominator
amounting to +88. The calculated value of the plan scale roughly corresponds to the
scale of the cadastral map (1:2880). The high value of the standard deviation results
mainly from the inaccuracy of the raster scale (m, ,,) and the identification of points
on the map raster and plan raster. It should be assumed that making the original
plan of Lobzow available for research could contribute to determining a more pre-
cise value of the scale of this document.

6. Establishing the Orientation of the Plan of Lobzow

The nominal orientation of the plan of Lobzow is determined by the direction
of the arrow described with the word “North” (Fig. 1). Its azimuth in the system of
the plan raster is 32.63°. Taking into account the probable time of the plan’s creation
and the lack of information about the use of cartographic projection, it should be
assumed that this is the direction of the magnetic north. It differs from true north by
the value of the time-varying magnetic declination. On the other hand, on the cadas-
tral map, after adopting (as a result of projection) the two-dimensional coordinate
system XY, the topographic north is determined. It differs from the true north by the
convergence angle of the meridians. It depends on the type and parameters of carto-
graphic projection. The azimuths of the sections between the points on the map were
used to analyse the north direction marked on the plan of Lobzow. The comparison
of the azimuths of the sections on the plan and on the map is aimed at assessing the
correct orientation of the plan.

At the first stage, the difference of the azimuths of the sections on the plan raster
and map raster was calculated. For this purpose, the above-mentioned 42 sections be-
tween selected and corresponding reference points on the map and plan were used.
For each such section, the azimuth was measured on the map raster (4,,) and the plan
raster (A,). The mean difference of these azimuths was: AA, ,=A, —A,=23.08°+2°.
Therefore, in order for the topographic content of the map to coincide with the rele-
vant topographic content of the map, the raster of the plan should be rotated by an
angle of —23.08°. After such a rotation, the azimuth of the north arrow on the plan
raster will have the value of 9.55°. As a result of this rotation, the plan will have the
orientation of a standard modern map, that is, an orientation in relation to the topo-
graphic north of the map.

At the second stage, it was necessary to take into account the convergence of
the meridians for the map in the Lobzow region. Due to the uncertain type of pro-
jection used to compile the cadastral map [20], the value of this convergence was
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estimated in approximation. For this purpose, the only direction on the map that
seems to have been preserved was used, i.e. the direction marked by the western
fence of the Lobzow garden (marked with a green line in Figure 3a). This fence
has been preserved to this day and, like almost 200 years ago, it constitutes the ad-
ministrative border of Lobzow. The azimuth of this direction measured on the map
raster is 20.42°. In turn, the geographical azimuth of this direction calculated from
the ellipsoidal coordinates (GRSS80 ellipsoid, PL-ETRF89 reference system) is 16.95°.
Thus, the approximate convergence of the meridians for the cadastral map in this
area of Lobzow is y,, =-3.47°. This means that the map frame along the X axis of the
cadastral system deviates to the west by the above value. It is worth noting that this
value roughly corresponds to the meridian convergence calculated for the Soldner
projection of the Bohnenberger ellipsoid (a = 6 376 602 m, f = 1/324), used in the
mid-19th century in this part of Europe. The value of this meridian convergence at
the point in the Lobzow area (¢ = 50.08°, A =19.91°) in relation to the starting point
of the cadastral system — Lviv, the Castle Hill (¢ =49.85°, A =24.04°) —is —3.40°. This
confirms the relationship between the projection of the cadastral map and the Sold-
ner projection [20].

After taking into account the convergence of the meridians for the plan of Lob-
zow, both the cadastral map and the plan of Lobzow would be oriented to true
north. The azimuth of the north arrow from the plan of Lobzow, measured after
such an operation, has the value —13.02°. Such a value, amounting to a dozen or so
degrees of deviation to the west, corresponds to the magnetic declination present in
the Krakow region in the mid-19th century [21]*. The convergence of these values
proves that the orientation of the plan of Lobzow, defined by the north arrow, indi-
cates the direction of the magnetic north, probably established by the author of the
plan with a compass.

Figure 4 shows the orientation of the cadastral map (blue) and the plan of Lob-
zow (sepia) with respect to the true north. The orientation of an additional arrow on
the plan of Lobzow (purple) is also shown. Its direction deviates to the east of the
true north by 11.86°.

The last stage of research on the plan of Lobzow was to place its topographic
content against the background of the contemporary topography of this area (Fig. 5).
The aim of this was to highlight the changes in land use that have occurred over the
200 years since the plan was created. Figure 5 shows generalised areas of diverse
agricultural use, which dominated in the Lobzow area at that time.

The only area that has retained its former function is a small, north-eastern
area of the palace garden, which now houses the gardening company “Ogrod
Lobzow”.

4 In 2020, the magnetic declination in the Krakow region is positive (deviation to the east) and amounts

to almost 6° [22].
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Fig. 4. Orientation of the plan of Lobzow and the cadastral map

L

yq._

Fig. 5. Changes in the topography of Lobzow over the last 200 years:
1 — folwark land, 2 — peasant land, 3 — palace garden, 4 — vegetable gardens, 5 — pasture,
6 — fish ponds, 7 — river, 8 — roads and squares, 9 — buildings

Source: own elaboration based on [23]
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7. Conclusions and Discussion

The “Map of Lobzow with Its Environs”, also known as “K. Gotuchowski’s
Plan”, is one of the few cartographic documents presenting the 19th-century topog-
raphy of the village of Lobzow near Krakow. This plan was most likely created in the
years 1824-1852. This is evidenced by information on the property of the palace and
the adjacent garden, as well as the condition of the topography of the area similar to
that presented in other cartographic documents from that period. The plan of Lob-
zow is an example of those local cartographic documents that have few cartometric
features. At the same time, it contains a lot of valuable information about the former
topography and use of this area, almost completely changed today. It also included
information on types of properties and elements of relief that are missing, for exam-
ple, on the cadastral map. Hence, documents such as the plan of Lobzow may still
be used, for example, in landscape change studies, provided that the basic features
of the cartographic document, such as the scale and orientation, are established. This
is all the more so because the plan of Lobzow has not been examined in this respect
so far. The scales of this type of old cartographic documents devoid of information
about the reference area and projection are most often determined in relation to the
topographic details that have been preserved to this day. This procedure was used,
for example, in examining of the scale of the 18th-century Kottataj Plan [6]. However,
in the case of the plan of Lobzow, this method is not possible because most of the
topography of this area has been changed. Therefore, it was decided to compare the
plan with the cadastral map on which the presented topography corresponds in part
to that from the plan of Lobzow. The average scale factor of 1:2900 determined as
a result of the calculations suggests that the plan of Lobzow could be a hand-drawn
copy of this map or be based on measurement sketches that were the basis for draw-
ing the map. The large standard deviation of the scale denominator (+88) indicates
heterogeneity of the scale in the central part of the plan. The edge fragments of the
plan can be characterised by even greater variability of the scale, as can be seen in the
example of the course of the Mlyndwka Krdlewska River (Fig. 5). The lack of other
references in the topography makes it impossible to assess the scale of the plan in
its edge parts.

The orientation of the plan marked with the north arrow refers to the mag-
netic north as it was in the mid-19th century in this region of Poland. It was es-
tablished based on one of the unchanged elements of the plan drawing that de-
fines direction, i.e. the western border of the Lobzow garden area (Figs. 1, 3a). The
correspondence of this direction with the true north indicated by the X axis of
the cadastral map system, after taking into account the meridian convergence, is
at the level of approximately 1°. For the plan of Lobzow to be oriented in relation
to the current direction of magnetic north, it would have to be rotated clockwise
by almost 19°.
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The meaning of the additional direction marked on the plan near the north ar-
row has not been established (Figs. 1, 4). It was noticed that this arrow was per-
pendiculars to the rectilinear direction of the road at the southern end of the plan
(today’s Juliusza Lea Street, Fig. 1). The direction of this road together with the per-
pendicular direction of the arrow could constitute a local rectangular coordinate
system for determining the location of objects on the plan.

The placement of the topography of the plan of Lobzow against the background
of the contemporary topography of this part of Krakow indicates that there are
some communication routes whose course has remained almost unchanged to this
day (Fig. 5). This applies to parts of the following streets: Bronowicka, Glowackiego,
Kazimierza Wielkiego, Warmijska and Lea. It is also worth noting that both wells
marked on the plan of Lobzow (Fig. 1) are located on the site of the currently func-
tioning artesian well (“Zdr6j Nadzieja”) at Podchorazych Street. The plan of Lob-
zow placed on the contemporary topographic map shows a definite change in the
state of land use in the area of Lobzow. Currently, almost the entire area covered
by the plan is an area of dense urban development, and the area of Lobzow lost the
status of a village near Krakow as early as in 1910, becoming a district of Krakow.
A relic of the state of land development of this area from the mid-19th century is
the course of some communication routes, the western fence of the palace garden
and the activity of the company “Ogrod Lobzow” established next to the palace
garden and referring to the almost 500-year-old gardening tradition of the village
of Lobzow.
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