
Citation: Różycki, S.; Michalski, M.;

Kobielec, A. Use of Geoinformatics for

the Digitization and Visualization of

Sensitive Space in the Urban

Landscape: A Case Study of the

Gross-Rosen Sub-Camps Systems.

Remote Sens. 2024, 16, 783. https://

doi.org/10.3390/rs16050783

Academic Editor: Yuji Murayama

Received: 24 January 2024

Revised: 15 February 2024

Accepted: 21 February 2024

Published: 24 February 2024

Correction Statement: This article

has been republished with a minor

change. The change does not affect

the scientific content of the article and

further details are available within the

backmatter of the website version of

this article.

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

remote sensing  

Article

Use of Geoinformatics for the Digitization and Visualization of
Sensitive Space in the Urban Landscape: A Case Study of the
Gross-Rosen Sub-Camps Systems
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Abstract: Geospatial technologies enable accurate and detailed documentation of cultural heritage
sites. They allow for the creation of digital representations of these sites that can be shared with
interested audiences. Given the above, this paper presents the possibility of using archival data to
reconstruct the topography of two German labor camps, Dyhernfurth I and II, which operated during
World War II. To perform this task, multi-source archival data was obtained and interpreted. These
data came from various sources: archives, historical institutes, and museums. The results of the study
were presented to the staff of the Gross-Rosen Museum, who anticipated the possibility of using
the proposed tools in the management of other labor camps. The proposed methodology can be
replicated at other locations and easily implemented by other martyrdom museums involved in the
preservation of cultural heritage.

Keywords: digitalization; geographic information system; memorial site; archival aerial photography;
preservation; cultural heritage; conflict landscapes

1. Introduction

GIS systems are useful tools for supporting the digitalization process. Geospatial data
assist the care of memorial sites that are the material evidence of crucial events in history.
These activities are also aimed at disseminating knowledge about objects and facts related
to places bearing the traces of mass crimes committed by totalitarian regimes [1–5]. The
digital age has revolutionized the methods that allow us to restore, preserve, and protect
our cultural heritage [6,7]. Thanks to advances in technology, we have access to tools such
as geospatial data that will enable us to create new documentation to preserve historic
sites. Furthermore, historical perspectives are essential for making well-informed choices
regarding environmental challenges, such as spatial planning, sustainable development,
or climate adaptation [8]. This paper focused on finding a location and reconstructing the
topography of Dyhernfurth labor camps operating at the Sarin and Tabun war gas factories
during World War II. These camps were part of the sub-camps working within the Gross-
Rosen concentration camp. The research undertaken was intended to support and describe
the processes of interpretation of archival materials, field research, and for the protection of
historical cultural heritage. Institutions and authorities responsible for the preservation
of heritage sites must have not only historical documents (e.g., witness accounts), but
also cartographic documents (e.g., plans), which are essential materials for making well-
informed and lawful decisions related to heritage, thus helping to preserve heritage sites for
future generations and improving management and promotion of tourism [9,10]. In the case
of the two camps studied and the other sub-camps included in the Gross-Rosen camp, their
exact location and current state of preservation still need to be discovered. The tragic history
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of the site contrasts with the operating chemical plant. The fenced-off area of the factory,
where the camp was probably located, and the lack of formal and material monuments
make the site stand out from similar sites associated with martyrdom history in Poland [11].
The lack of traces of the camp’s boundary in the current fabric of the city causes problems
for clearly identifying its extent. The presented research was divided into three phases: the
first, at the desk, included reconstructing the camp’s topography based on archival data. A
plan and archival aerial photographs from the Second World War were used at this stage.
The second phase, in the field, was related to the on-site inventory of camp remains. The
third and final phase, on the desk, was the development of a geoportal providing access
to data from the first and second research phases. Spatial data prepared and provided in
this way encourages citizens to learn new facts, add further information, and share their
historical and sensitive knowledge, which is a public contribution to heritage development.

2. Study Area: Historical Setting

Germans began constructing large factories in Germany (Falkenhagen) and later in
Dyhernfurth, Poland (part of Germany at the time) for the massive production of tabun,
sarin, cyanogen chloride, and hydrocyanic acid [12]. The decision to construct a facility
in Dyhrnfurth was taken as early as December 1939. The operating company of the
state-owned plant was Anorgana GmbH, a subsidiary of I.G. Farbenindustrie AG [13].
Dyhernfurth started operating in 1942 and tabun was first produced in May 1943. Sarin
followed in June 1944 [14]. In 1943, I.G. Farbenindustrie formed an agreement with the KL
Gross-Rosen camp administration, as a result of which two sub-camps, Dyhernfurth I and
II, were set up in the vicinity of the Anorgana production plant. Currently, Brzeg Dolny
(Figure 1) is a town in Poland in the Lower Silesian Voivodeship. The town is situated on
the right bank of the Oder river, 31 km north-west of Wrocław, thus forming an extension
of the urban-industrial Wrocław agglomeration.

Remote Sens. 2024, 16, x FOR PEER REVIEW 2 of 18 
 

 

tion of tourism [9,10]. In the case of the two camps studied and the other sub-camps in-

cluded in the Gross-Rosen camp, their exact location and current state of preservation still 

need to be discovered. The tragic history of the site contrasts with the operating chemical 

plant. The fenced-off area of the factory, where the camp was probably located, and the 

lack of formal and material monuments make the site stand out from similar sites associ-

ated with martyrdom history in Poland [11]. The lack of traces of the camp’s boundary in 

the current fabric of the city causes problems for clearly identifying its extent. The pre-

sented research was divided into three phases: the first, at the desk, included reconstruct-

ing the camp’s topography based on archival data. A plan and archival aerial photographs 

from the Second World War were used at this stage. The second phase, in the field, was 

related to the on-site inventory of camp remains. The third and final phase, on the desk, 

was the development of a geoportal providing access to data from the first and second 

research phases. Spatial data prepared and provided in this way encourages citizens to 

learn new facts, add further information, and share their historical and sensitive 

knowledge, which is a public contribution to heritage development. 

2. Study Area: Historical Setting 

Germans began constructing large factories in Germany (Falkenhagen) and later in 

Dyhernfurth, Poland (part of Germany at the time) for the massive production of tabun, 

sarin, cyanogen chloride, and hydrocyanic acid [12]. The decision to construct a facility in 

Dyhrnfurth was taken as early as December 1939. The operating company of the state-

owned plant was Anorgana GmbH, a subsidiary of I.G. Farbenindustrie AG [13]. Dyhern-

furth started operating in 1942 and tabun was first produced in May 1943. Sarin followed 

in June 1944 [14]. In 1943, I.G. Farbenindustrie formed an agreement with the KL Gross-

Rosen camp administration, as a result of which two sub-camps, Dyhernfurth I and II, 

were set up in the vicinity of the Anorgana production plant. Currently, Brzeg Dolny (Fig-

ure 1) is a town in Poland in the Lower Silesian Voivodeship. The town is situated on the 

right bank of the Oder river, 31 km north-west of Wrocław, thus forming an extension of 

the urban-industrial Wrocław agglomeration. 

 

Figure 1. The location of the labor camps Dyhernfurth I and II selected for detailed analysis [© ESRI 

basemaps, OpenStreetMap—Open Database License]. 

At the end of World War II, Soviet troops captured the Dyhernfurth facility, disman-

tled it, and moved it, along with the key personnel, to the former Soviet Union, where 

Figure 1. The location of the labor camps Dyhernfurth I and II selected for detailed analysis [© ESRI
basemaps, OpenStreetMap—Open Database License].

At the end of World War II, Soviet troops captured the Dyhernfurth facility, disman-
tled it, and moved it, along with the key personnel, to the former Soviet Union, where
production of the agents commenced in 1946 [15]. The facility premises were contami-
nated, which made it difficult to secure and then reconstruct the production plant. Despite
problems, production of sodium hypochlorite commenced as early as 1946, with the use
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of raw materials left by the Germans. In 1947 the facility produced sodium hypochlorite
and sulphur chloride. In the 1950s and 1960s, the plants expanded to the point where,
to attract workers, they took over some of the functions of the poor local administration,
and undertook and financed numerous investments to enrich the city’s infrastructure. The
camp buildings became part of the factory. After the end of the war, the area was fenced
off, and access was only possible after obtaining a pass. Consequently, the camp buildings
became an inaccessible part. The lack of access probably caused problems in undertaking
activities related to commemorating the remains of the camp.

2.1. Labour Camp Dyhernfurth I

Labour camp Dyhernfurth I was set up in the late spring or early summer of 1943
and was located directly on the factory premises, near to the workshop in which the
prisoners were put to work [16–21]. It was a small sub-camp, as at its peak activity, it held
300 prisoners. These were mainly Poles, but Russians, Czechs, Germans, and Roma were
also among the inmates. Files of the majority of the interned bore an “R.U” note (Germ.
Rückkehr unerwünscht—return undesirable) [22]. The Anorgana factory produced mainly
the tabun chemical warfare agent (T38), which is an extremely toxic liquid. Since filling
bombs with the gas and checking their tightness, as well as cleaning the underground gas
tanks and checking the installations in the tanks were the prisoners’ jobs, overexposure
was a frequent occurrence, despite protective clothing [23,24].

2.2. Labour Camp Dyhernfurth II

The date of the establishment of Dyhernfurth II camp can be only approximated to
the summer or autumn of 1943 [17–20]. Located about 1 km away from Anorgana, in
a small thicket, the camp consisted of barracks, a few of which were one-storey, brick
buildings while the majority were built of wood. Two of the barracks were intended as a
camp hospital (Germ. Revier). In the first months of the camp’s existence, namely in 1943,
the number of inmates did not exceed 450 people [21]. However, in January 1944, a vast
influx of prisoners was observed. The highest known number of inmates was recorded on
27 October 1944 and amounted to 3037 prisoners, which equalled merely one third of the
number originally intended (9700) [22]. The inmates were employed in the construction of
extensions of the Anorgana facility, mainly doing heavy earthwork or construction work,
transporting cement and gravel or unloading railway shipments; some others worked as
locksmiths, administrators, painters or draftsmen.

3. Materials and Methods

The archive materials described in this section in the form of aerial photographs allows
for the interpretation and analysis of the camps area. As part of the study performed, a
current spatial data set, available for the surveyed area, was also acquired and described.
This material helps to relate the results of analyses and interpretations of archival materials
to the current terrain situation. This is of great importance for planning field studies, both
noninvasive and invasive, as well as for future memorializing.

3.1. Aerial Photographs from the United States National Archives and Record
Administration (NARA)

An aerial photo at a scale of 1:9800, taken on 13 September 1944 by the 106 Squadron
RAF (No. 106 Squadron RAF of Royal Air Force), was used for photo interpretation in
the study area. A series (Sortie: 106G/2850) of photographs were taken with a 914 mm
lens mounted on Fairchild F.52 camera body [25,26]. An identical series is also available in
the National Collection of Aerial Photography in Scotland (NCAP). The cost of acquiring
scans of the images and the license based on the public domain favors the NARA archive.
The obtained images are of very good quality. The aerial photographs were obtained and
scanned with the EPSON Expression 12000 XL scanner (Epson, Shinjuku, Tokyo, Japan)
at 1200 DPI. The original films available in the NARA archive were scanned. In order to
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perform a proper integration of spatial data with actual data, it was also necessary to per-
form an orthorectification of aerial photograph [27]. The orthorectification of the 1944 aerial
photo was performed using the PCI Geomatica software (PCI Geomatica OrthoEngine,
Quebec, QC, Canada) [28].

3.2. Aerial Photographs, Orthophotomaps, Laser Scanning Data, and Spatial Databases from the
Head Office of Geodesy and Cartography in Poland

An orthophotograph is a product obtained via geometric processing of an aerial
photograph. In Poland, orthophotomaps collected in the central geodetic and cartographic
resource are made available by the head office of Geodesy and Cartography [29,30]. As
part of the performed task, aerial photographs and orthophotomaps of a camps taken in
1974, 2004, 2009, and 2021 were collected. The selection of photographs was preceded
by an analysis of the possible use of available photogrammetrical materials in selected
Polish archives. The parameters of these photogrammetrical materials are presented in
Table 1. The workflow with digital aerial mapping cameras changes compared to the
traditional way with film-based analogue cameras. Photo scale is replaced by ground
sample distance (GSD) [31,32]. The GSD is the distance in meters between two adjacent
pixel centers measured on the ground. It depends on the sensor aperture and the flight
altitude [33]. In the case of acquiring a scan of an aerial photograph, we have provided a
scale, and for digital orthophotomaps, a GSD. The 1974 photograph was orthorectified in
an identical way to the 1944 Allied aerial photograph.

Table 1. Obtained aerial photographs and orthophotomaps from the head office of Geodesy and
Cartography.

No. The Date the Photograph
Was Taken Picture/Ortho Type Technical Specifications

1 1 November 2021 RGB, CIR Format: GeoTIFF
GSD: 25 cm

2 2009 RGB Format: GeoTIFF
GSD: 50 cm

3 2004 Panchromatic Format: GeoTIFF
GSD: 50 cm

4 16 September 1974 Panchromatic Scale 1:25,000

The laser scanning product is a collection of points in a spatial coordinate system
(X, Y, Z), the so-called point cloud [34,35]. These are the points of reflection from the
surface of the land and objects “protruding” above that surface, such as buildings, trees,
or power line cables. The most common use of laser scanning is construction of a terrain
model (digital terrain model (DTM), or digital elevation model (DEM)), which represent
the physical surface of the terrain with its morphological forms. In this case, the points
resulting from the reflection from objects “protruding” above the surface of the terrain must
be removed. The point cloud used came from the ISOK project (Information System for
National Coverage against Extraordinary Hazards). It is publicly available in two density
standards: (1) 12 and (2) 4 points per m2. The vertical accuracy of the point cloud for
standard 1 was ≤0.15 and ≤0.10 m for standard 2, respectively [36,37]. The point cloud
was measured using airborne laser scanning technology. The survey used a point cloud
with a density of 4 points per square meter, acquired in November 2011. The point cloud
allowed for the generation of a DTM with a 0.5 m raster [38,39]. It was processed in the
Relief Visualization Toolbox (RVT v. 2.2.1, Research Centre of the Slovenian Academy
of Sciences and Arts, Ljubljana, Slovenia) software [40], which resulted in the following
products covering the areas of research:

• shaded relief maps;
• visualizations based on principle component analysis (PCA);
• sky view factor;
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• topographical openness;
• local dominance [41,42].

The above products, resulting from the processing of the digital elevation model,
contain valuable information about the analyzed area. Historical or archaeological research
was most frequently in the form of shaded relief maps, slope maps, aspect maps, and
visibility maps [43–47]. Appropriate parameters for such processing, selected according
to the characteristics of the surface, highlight the characteristics of the terrain which are
particularly useful for analyzing the activities carried out in the area under consideration.
Processing of DTM was treated as supporting material in this paper.

The BDOT10k spatial database was used to present the actual land topography data.
The Database of Topographic Objects (BDOT10k) is a vector (object-oriented) database
containing the spatial location of topographic objects along with their characteristics. The
content and detail of the BDOT10k database corresponds to a topographic map at a scale of
1:10,000, where the thematic scope includes, among others, information on: water network,
communication network, utility network, land cover, buildings, structures and facilities,
land use complexes, protected areas, and territorial subdivisions. The database covers the
entire area of Poland and is successively updated [48].

3.3. Data Interpretation Process and Visualisations

To define the boundaries of the camps and for the sake of interpretation, archival and
current data relating to the surrounding area were used. Archival data in the form of aerial
photographs taken during the Second World War were the main material for recreating the
boundaries of the camp and for analyzing the historical coverage of the area. In some cases,
laser scanning data showing the terrain is a very useful source of information. Current data
in the form of aerial photographs was used to georeference the archival data and allowed
for the visualization of the selected archival objects on the current background. QGIS v.
3.18.3 software and ArcGIS Pro v. 3.0 (ESRI, Inc., Redlands, CA, USA) was used for practical
interpretation and analysis of the terrain. In the first stage, vector layers were acquired,
showing the camp border and the terrain objects seen in the 1944 photograph: internal
and external fencing, buildings, assembly area, and air gaps. All the data obtained from
the interpretation was added to the National Spatial Reference System: system 1992. This
helped generate geodetic coordinates of the selected objects. In the final stage, data were
made available in the form of a geoportal. The ArcGIS On-line cloud software (ESRI, Inc.,
Redlands, CA, USA) was used to make the data available [49,50]. ArcGIS Online systems
can run on handheld computing devices such as tablets and smartphones [51,52], so in
fieldwork they are is simple to use as they have built-in GPS receivers for localization. This
helped researchers locate the remains of the camp in the field during the site visit as well as
the Museum staff in the future camp inventory work. Based on the integration of spatial
data, the applied methodology is often used in Europe in the context of projects concerning
the material remains of camps [53,54] or sites related to the armed conflict [55,56] during
the Second World War. The case study of Dyhernfurth camps was similar to other sites
investigated by researchers in the European area.

4. Results

Based on the aerial photos taken by the Allied forces over Dyhernfurth (Brzeg Dolny),
an interpretation of the buildings and infrastructure of the two Nazi German sub-camps
AL (Germ. ArbeitsLager) Dyhernfurth I and Dyhernfurth II (Figure 2) was completed.
Historical documents such as factory plans and testimonies of witnesses who testified
after the war were also used. A significant difference between the two lies in the fact that
Dyhernfurth I, as opposed to Dyhernfurth II, was a camp located on the premises of the
Anorgana G.m.b.H. company, producing and enhancing the chemical warfare agents sarin
and tabun.
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4.1. Sub-Camp Dyhernfurth 1 (AL Dyhernfurth I)

The camp was located directly on the premises of the Anorgana G.m.b.H. production
facility. The area of the sub-camp, calculated with use of the outline of its external fence,
is around 7000 m2. It was surrounded by a double fence, the outer fence being a wooden
board fence whose purpose was to prevent observation of the activities inside the camp. It
is possible that the uniform shadow on the ground seen in the aerial photo hints at such
a kind of fence. The main inner fence, running parallel to the outer one, was made of
wire. Lamps directed at the camp area were fixed to the poles of this fence. According to
eyewitnesses, it was also an electric fence (Figure 3).

An extra fence ran across the sub-camp area, dividing it into two parts. Guard towers
were placed along the fence. When the photo was taken, namely in September 1944, the
sub-camp comprised two wooden barracks and one brick barracks. The size of the wooden
barracks was 25 m by 8 m. The brick barracks was situated north of the wooden ones and
its size was 32 m by 10 m (Figure 4).

One building was referred to by eyewitnesses as the one where the sub-camp’s staff,
meaning SS officers, were and was near to the outer fence, outside the sub-camp area,
towards the south. Its dimensions were 16 m by 4 m. The aerial photograph taken in
September 1944 provided a basis for juxtaposing the vector layers showing the outlines
of the buildings in existence in 1944 with the vector layer showing the present buildings.
Superimposition of the two layers allowed for the observation that one of the buildings,
namely the brick building situated in the northern part of the former AL Dyhernfurth I sub-
camp, has survived till the present day. It is difficult to determine what has been changed in
its structure over the years, yet, its outline as well as the location of the chimneys visible both
in the photograph from 1944 and the one form 2022 have not changed (Figures 5 and 6).
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4.2. Sub-Camp Dyhernfurth 2 (AL Dyhernfurth II)

The sub-camp Dyhernfurth II was located north-east of the camp Dyhernfurth I, about
1000 m in a straight line away from it. It was situated outside the town of Dyhernfurth, on
the edge of the thicket, sheltering it from the road running north. The area of the whole
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camp amounted to 42,000 m2, measured within the outline of the external fence. The
sub-camp comprised more than 20 buildings of varied structure and size as well as in the
materials used to construct them. Some of the buildings were situated in the area adjacent
to the sub-camp itself. The sub-camp was surrounded with a double fence. The outer fence
was a full panel fence, whose shadow can be seen along the northern and southern edge of
the sub-camp. Data on the material used to construct the fence is lacking. The inner fence
consisted of concrete poles between which a metal wire was stretched. Within the fence
were 9 to 11 guard towers, whose shape is clearly visible and can be identified (Figure 7).
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The camp could be entered through two gates. The first one was located at the end of
the camp road while the second one was a double internal gate, being the entrance to the
sub-camp itself. These gates were identified in the aerial photograph due to the shadow cast
by the poles to which the gates were fixed. A roll call square of 73 m by 36 m in size was an
integral part of the sub-camp. It was situated on a small rise that seemed elevated above the
level of the camp road. At the time when the photograph was taken in September of 1944,
at the edges of the roll call square certain structures can be seen whose shadow implies that
these could be football goals. In the area of the sub-camp, six structures (Figure 8, no. 1)
of around 34 m by 10 m in size can be distinguished. According to the accounts of former
prisoners, these were two-storey, brick buildings. In the western area of the sub-camp,
two structures of 33 m by 8 m (Figure 8, no. 2) in size can be distinguished. According
to the accounts provide after the war, these one-storey buildings were made of wood or
similar materials.
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Figure 8. Marked camp buildings located in the western part of the Dyhernfurth II sub-camp along
with their dimensions. The 1944 aerial photograph was used as a base layer [© NARA]. Coordinate
grid: PL–1992 (EPSG: 2180).

Both the shadows cast on the ground in the aerial photograph and the photographs
taken in the 1970s indicate the varied heights of these buildings. Between two rows of these
buildings, to the west, a stretch of air raid shelters was located. The biggest structure in
the sub-camp was the building in its central part, 67 m by 12 m in size (Figure 8, no. 3).
According to the accounts of former prisoners, between this building and the assembly
ground, there were toilets, which can be seen in the early stages of their construction in the
photograph from September 1944. The remaining structures in the area of the sub-camp
itself, within the double fence, were three or four buildings located in the south-east corner
of the camp. Furthermore, in this case, the creation of vector layers and the superimposition
of these layers on the present-day materials (building layer) from the BDOT 10k allows for
the identification of one of the buildings (Figure 9) as having a historical continuation up
until today. However, it is difficult to determine how radical the changes may have been or
whether the present-day building was erected in place of a demolished camp building.
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the buildings in use today. Presented in vector form, the contemporary building outlines are from
the Building and Land Registry and BDOT 10k. The 2021 orthophotomap was used as a base layer
[© Head Office of Geodesy and Cartography].

4.3. Implementing the Geoportal and Walk around the Surveyed Area of of the Camp Remains

Vector layers after creation were sent to the ArcGIS Online cloud (Figure 10). The
proposed geoportal provides a simple user interface that enables the display of web maps
with various configurable options: prints, length and area measurement capability, and
layer visibility support (including transparency options). Such options available to non-
specialist GIS users allow them to work productively with spatial data. After configuring
the web application and adjusting the symbology of displayed layers, a site visit to make
an inventory of the camp remains became possible (in July 2023).

The application was displayed on a mobile phone which enabled location in the
field thanks to the embedded GPS receiver. A link to the designed geoportal in Polish
and English language versions is available in the Supplementary Materials Section. The
portal is under constant development. A walk around the surveyed area took place in the
Dyhernfurth II camp, whose north-west part was not taken over by the Rokita S.A. factory
after the war. Parts of the northern fence have survived in the form of remains of the poles
and foundations (Figure 11A). The place where the buildings stood (two northern buildings
marked with number 1 in Figure 8) is full of rubble of the shape roughly equivalent to the
outlines drawn with use of the aerial photographs from 1944. It is safe to assume that these
are the remains of the two barracks that were destroyed and whose remains collapsed.
Remains of the foundations, brick walls, chimneys, and sewage pipes can be found on the
ground (Figure 11B).
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Figure 11. Former AL Dyhernfurth II camp. On the left (A): the remains of a fence post; right
(B): remains of the barracks. Photos: S. Różycki.

4.4. Laser Scanning Data and Products Analysis

Only for a small area of the AL Dyhernfurth II camp was it possible to analyze the
suitability of the visualizations generated from the laser scanning data. SVF visualization
(and others) were not successful in identifying the remains of buildings (Figure 12A). A
similar image structure is only visible for the two buildings. However, the lack of terrain
knowledge reduced the ability to precisely interpret these structures without a field visit.
The profiles created (one is presented in Figure 12B) based on the laser scanning data also
do not show clear structures close to the barracks footprint. They represent the debris of
the barrack’s remains found in the field. Trees and vegetation make it difficult to interpret
these structures on the actual orthophotos. In the example given, the use of multi-source
data does not allow a correct description of the field remains without a field visit.
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Figure 12. Former AL Dyhernfurth II camp. (A) SVF image (radius 5 m), and camp buildings (red
outlines from a 1944 aerial photo) located in the western part of the Dyhernfurth II sub-camp. The
remains of building marked with the number 1. are presented on Figure 8. (B) Visualization of the
profile cut (the profile vector A–B shown on Figure 12A as yellow line) made through a structure that
is a trace of the two barracks [© Head Office of Geodesy and Cartography].

5. Discussion

The reconstruction of the topography of the Dyhernfurth I, and II camps makes it
possible to start discussing how to develop strategies to ensure a balance between the
operation and development of the industrial zone and the preservation of material cultural
heritage. It should be remembered that the camps are located in a closed area, belonging to
a factory associated with the chemical industry.

Only one building survives from the Dyhernfurth I camp, which today is used as
an office. Its close location to the factory installations excludes it from being open to the
public or any other commemoration. During the consultation (July 2023) with museum
staff, it was agreed that it would be worth attempting a site visit to ascertain the state of
preservation of the originality of the designated building. The present owners of the site
may have documentation relating to the extension of this building. This would make it
possible to reconstruct the camp building digitally. Attempts at commemoration must be
undertaken with great sensitivity and considering not only the need to preserve historical
memory but also the rights of the landowners. The actual development requirements of
the site must be addressed. In Poland [57], as in Europe [58–60], there are problems with
adequately commemorating the places associated with the period of tragedy related to the
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actions of the Second World War. For this reason, the research carried out makes sense and
should be continued.

Camp Dyhernfurth II already has more potential for discovering historical, and sensi-
tive values. The five barracks, which are located outside the factory site, have collapsed.
However, they represent a material trace of the functioning camp as well as the fate of the
prisoners working at the factory [61]. During the field inspection, it was observed that the
former site had surrendered to vegetation, but traces of a poorly trodden path were still
visible. It can be assumed that historians and searchers explored the area on their own.

The project aimed to complete an analysis of the former camps’ terrain during the so-
called desk phase. Like with other similar studies on the reconstruction of the topography of
camps operating during the Second World War [62–65], it was expected that the developed
visualizations produced based on DEM would be significantly supported. However, the
developed materials played a minor role at the desk research phase.

The physical remains of the Dyhernfurth II camp are not a tourist “attraction,” but
planning, for example, a path leading to the remains of the original fence could be the
first step in restoring a sense of physical cultural heritage for future visitors who want to
visit the site. A small parking lot and an information board may be built along the main
road. All proposals and ideas related to any new commemoration require consultation with
the Gross-Rosen Museum, the factory owners, as well as Brzeg Dolny city officials. The
designed application (Geoportal) was shared with the staff of the Museum Gross-Rosen. It
allows for the discussion of the historical potential of the site using archival georeferenced
spatial data and current land use.

6. Conclusions

The use of archival aerial and ground-level photos allowed for the reconstruction of
the topography of AL Dyhernfurth camps. The presented methods of data processing
showed the possibilities and limitations of the laser scanning visualization methods used
in the context of topography of former camps. Archival materials played an important
role in the reconstruction of facilities related to the World War II period [66–68]. Materials
in the form of plans as well as the Geoportal created enabled estimation and inventory
of the remains in the field. The materials and geoportal can also aid in restoring memory
of these places. Preparing the drafts and locating the remains of the camp in the field
contributed to a discussion on commemorating the prisoners and victims of the camps. A
memorial commemorating the victims of the Gross-Rosen sub-camps was erected as early
as 1949. It is located in front of the entrance to the factory, in Henryka Sienkiewicza Street,
around 1 km away from the actual location of the camp. The information of the preserved
parts of the fence and remains of the two barracks permit planning of the preservation
and commemoration process [69]. We propose to commence inventory of numerous sub-
camps (around 100) located in Dolny Śląsk, Sudety, and Ziemia Lubuska. Preliminary
archival queries have revealed that aerial photos and witness testimonies for sub-camps
operating within the Gross-Rosen concentration camp are available in American and Polish
archives. If the method proposed in this article is used, work on inventory of the other
sub-camps can be commenced in the near future, in cooperation between scientists and the
employees of the Museum. The availability and dissemination of historical information
about the location and history of the camps will significantly help preserve the heritage
and increase awareness of its value. It will also help future efforts to preserve the heritage
based on articles, online mapping services and applications for tourism. In the future,
the development with 3D modeling and augmented reality will help to more involve and
interest the local population and tourists. As spatial science develops, GIS in combination
with remote sensing and other technologies, could better support sustainable development,
taking into account the tragic events, the remains of many of which are located (but
forgotten) in urban areas.
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Supplementary Materials: The following supporting information are available at: https://cipw.
maps.arcgis.com/apps/View/index.html?appid=0206c9c19fd34ced8f225943335381fd (accessed on
20 February 2024), Geoportal—Plan obozu Dyhernfurth I i II in the Polish language version; https:
//cipw.maps.arcgis.com/apps/View/index.html?appid=fdc01ca1fd574596b9906f02f75d1c238c (ac-
cessed on 20 February 2024), Geoportal—Plan of Labour Camp Dyhernfurth I and II in the English
language version.
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2. Djurić, M.; Pavlović, T. Excavation of Mass Graves with Serbian Context: Complexity of the Political Milieu. Forensic Sci. Int.
2021, 319, 110657. [CrossRef]
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