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ABSTRACT 

 

We used two historical maps that cover vast areas of central and eastern Europe at rather large scales dating to 

1784 (First Military Survey of the Habsburg Empire; total extent 640,000 km²; scale 1: 28,800) and 1824 (cadastral 

land register of Francis I; 670,000 km²; 1: 2,880) to extract individual buildings located at several alluvial fans in one 

valley in Austria (Admont Valley). Historic buildings were mapped and compared with present building (airborne–

laserscanning based: 2008–2017), geomorphic (landform distribution), geomorphodynamic (documented damag-

ing events at torrents), and spatial planning (hazard zonation maps) data. Results show that 69.2% of all present 

buildings are located at only 7% of the study area. Whereas the 1784–data are too inaccurate and unprecise for 

detailed spatial analyses, the 1824–data are very accurate and precise allowing spatial and socio–economic insight 

into the population and building evolution over a 190–year period. Results show for instance that despite a tre-

mendous increase in buildings (911 in 1824; 3,554 in 2008–2017), the proportion of buildings exposed to torrents–

related natural hazards significantly decreased by 10.4% for yellow (moderate–risk) and by 13.7% for red (high–

risk) zones. Similar historio–geomorphological studies as presented here might be accomplished in other countries 

in central and eastern Europe covered by the indicated historical map products. 
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1. Introduction 

The initial establishment and evolution of settle-

ments is very often determined by geomorphologi-

cal conditions and constraints in a given area. Dur- 

ing periods of settlement foundation, people com-

monly try to find locations which suit their diversi-

fied needs at best. Such needs might be related for 

instance to agricultural activities (e.g. gentle slopes 
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morphologically suitable for agriculture and with 

sufficient water and nutrient supply, but also with 

plant–growing favouring local topo–climatic condi-

tions), to strategic considerations (e.g. mountain 

plateau or summit location for defence reasons and 

formation of hill–top settlements), to transport in-

frastructure (e.g. junction of trading routes or the in-

tersection of a trading route with a river crossing in 

form of a bridge or ford) or to natural–hazard 

avoidance (e.g. avoiding flood–prone alluvial plains). 

Particularly in alpine valleys, the issue of natural–

hazard avoidance is a very important one. But areas 

without the risk of being exposed to natural hazards 

are rare. 

Areas prone to landslides, floods, debris floods, 

debris flows, or snow avalanches reduce the possi-

ble settlement area of alpine regions. Thus, people 

settling in such regions had to decide the lesser of 

two (or even more) evils such as annual floods at 

alluvial plains versus occasional debris flows or 

floods from torrents at alluvial fans. Alluvial plains of 

large, meandering rivers in alpine valleys of Austria, 

for instance, were mainly avoided, because of more-

or-less regular spring floods during the snow–melt 

period inundating the plains. Thus, people settled 

and reclaimed land more commonly at alluvial fans 

adjacent to the alluvial plains which were formed by 

tributary creeks. Damaging events such as debris 

flows or floods also occurred on fans, but not on an 

annual basis. People were surely aware of the threat 

of potential natural hazard events at alluvial fans. 

Patzelt (1987) for instance studied the evolution of 

alluvial fans in western Austria at a Holocene–time 

scale, revealing that sediment accumulation prevails 

in a sequence of sediment accumulation, erosion 

and stagnation. According to Patzelt, periods of ac-

cumulation correlate with periods of climatic de-

terioration (e.g. the Little Ice Age) inferred from the 

development of vegetation and glaciers. Based 

mainly on archaeological excavations, Zanesco et al. 

(2008) report from massive sedimentation at the 

alluvial fan of Hall in Tyrol (Fig. 2) where more than 

two meters of sediments were deposited during one 

single flooding event in the year 1275 AD. This sug-

gests the importance of high–magnitude but low–

frequency events for geomorphic changes at (set-

tled) alluvial fans. 

Archaeological research at alluvial fans also 

helps to understand the long–term relationship be-

tween settlement and fan evolution. Excavations at 

the ancient town of Aguntum (Figs. 1, 3), the only 

antique city in the Austrian province of Tyrol, re-

vealed a substantial surface elevation increase dur-

ing the c. 500 years of building activities. Aguntum 

was founded at the alluvial fan of an alpine torrent 

named Debant Creek. Figure 1 illustrates parts of 

the city with the eastern city wall as well as surface 

elevation change markers during the settlement 

period (1st to 6th century AD) as it is presented to 

modern visitors of this roman settlement site. The 

depicted stepwise rise of the surface over time must 

be seen in a schematic way. The reason for the rais-

ing of the terrain between c.100 and 400 AD was – 

according to archaeologists – mainly artificial filling 

by the Romans and only to a minor extent by natu-

ral sources such as debris–charged floods. Unter-

weger (2018) suggests that the inhabitants of Agun-

tum protected their settlement by water protection 

constructions diverting the water course of the 

Debant Creek to the west and thus letting it pass 

the city of Aguntum at its western periphery. After 

the city was abandoned, the creek reclaimed its al-

luvial fan and moved towards the central part of 

Aguntum. This partly covered the ancient surface 

with a complex debris layer resulting from repeated 

flooding events and with a thickness of up to three 

meters (Auer, 2013; Unterweger, 2018). 

The growth of settlements in higher–elevated 

zones of alpine areas – as the European Alps – was 

slow in historical times as pointed out by Slaymaker 

and Embleton–Hamann (2009). This contrasts with 

the bottoms of the main valleys with their large al-

luvial fans. At the valley bottoms and particularly at 

alluvial fans, a strong population growth occurred 

with a continuous trend over the past 150 years 

(Slaymaker and Embleton–Hamann, 2009). Such an 

increase in population and thus housing develop-

ment over time is not always straightforward to 

bring into a temporal–spatial dimension due to lack-

ing or only poor–quality maps. 

The increased availability of historic maps with a 

reasonable scale and accuracy in digital formats, 

allows to perform long–term (in our case >200 

years) studies related to settlement evolution. In the 
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present study we aimed to quantify and illustrate 

the settlement evolution of a historically important 

valley in alpine Austria, focussing on one landform 

type, namely alluvial fan. More specifically, the aims 

of this paper are to (a) compare the spatial pattern 

and distribution of buildings and settlements at 

eight alluvial fans in the Admont Valley (cf. Fig. 1) 

between the early period of official land mapping at 

rather large scale in 1784 (1:28,800), in 1824 

(1:2,880) and today (1:500), and to combine this in-

formation with (b) present–day hazard–zone plans 

as well as with (c) documented damaging natural 

hazard events, and finally (d) to discuss these rela-

tionships in a broader historio–geomorphological 

context. 

 

2. Study area 

The study area named Admont Valley is a ca. 20 km 

long valley segment of the Enns valley, and its sur-

rounding mountains in central Austria (Fig. 2). The 

Admont Valley was first mentioned in written 

sources in 859 AD as Adamundi valle (List, 1974). 

One interpretation of this name is that it originally 

comes from the Latin word ad monte meaning near 

the mountains. In 1074 AD, a Benedictine abbey was 

founded in this valley (Wichner, 1880). As passed on 

by a legend, the originally selected location of the 

abbey north of the Enns River near its riverbank was 

prone to floods and snow avalanches (Krause, 1966). 

Thus, the archbishop of Salzburg decided to estab-

lish the abbey at the lower part of an alluvial fan 

formed by the Lichtmessbach torrent, south of the 

Enns River (Fig. 3a). The torrent originates from fur-

ther to the south (named Kaiseraubach there) and 

flows through easily erodible phyllitic rocks. The 

torrent repeatedly harmed the settlement of Ad-

mont, which eventually led to the construction of a 

large retention dam in 2013–2015 in the upper sec-

tion named Kaiserau (Fig. 3a). 

The Enns valley at Admont is morphologically 

dominated by a broad alluvial plain with distinct 

meander loops partly filled by oxbow lakes. As de-

picted by the historical maps listed further below 

and recent airborne laser scanning (ALS) data, the 

meandering Enns River in the Admont Valley 

changed the course substantially over time – at least 

until the mid–19th century. In the 19th century, water 

regulation measures modified the channel course 

and lowered the water level of the Enns River by 

several meters (Reismann et al., 2015). 

 

Figure 1 Ruins of the former roman settlement of Aguntum in western Austria built on the alluvial fan of the Debant 

Creek. (a) Overview map of the archaeological site with the city gate and city wall to the left; (b) schematic chronological 

evolution of the increase of surface elevation over time between ca. 100 and 400 AD. Source of photos: authors. 

For location, see Fig. 2 
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Figure 2 Location of the study area Admont Valley in Austria and its spatial relationships to the (a) First Military Survey of 

the Habsburg Empire (1764–1787) – excluding present–day Belgium – as well as the (b) cadastral land register of Francis I 

(1810s–1870s). Two settlements located on alluvial fans mentioned in the text are indicated. Data base for (a) is  

Hofstätter (1989) and mapire (https://mapire.eu/en); data base for (b) is Fuhrmann (2007) 

 

Figure 3 Study area Admont Valley: (a) overview map with the location and extent of the eight studied alluvial fans (AF1–

8), relevant fluvial landforms as well as the spatial extent of yellow (moderate–risk) and red (high risk) hazard zones along 

torrents (mostly with protection constructions) as defined by the hazard–zone maps of the Austrian Federal Service for 

Torrent and Avalanche Control (zonation based on Federal Ministry for Sustainability and Tourism 2017). (b) Building 

density in the Admont Valley in relation to the eight studied alluvial fans (building data taken from Land Steiermark
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Topographically connected and sedimentologi-

cally interlocked with the alluvial plain are the nu-

merous alluvial fans on both valley sides. Two large 

fans (AF5, AF6 in Fig. 3a) are at the southern side 

and further three large ones are on the northern 

side (AF2, AF7, AF8). The reason for the existence of 

the alluvial plain is that the valley east of alluvial fan 

AF6 is narrowing. There, the Enns River enters a 

gorge named Gesäuse attributed to the noise–

making cataracts of the Enns River. Repeated mass–

movement events during the Lateglacial and Holo-

cene period at the western end of this narrowing 

called Haindlmauer (Büchner, 1974) caused backwa-

ters of the Enns River leading to the formation of 

temporal lakes with related sedimentation (alternat-

ing strata of pebbles, sand, silt and peat) as indicat-

ed by drillings (cf. Fig. 4). 

The main landforms of interest with their set-

tlement evolutions are eight alluvial fans covering a 

total area of 16.6 km², which is 7% of the entire Ad-

mont Valley (236.1 km²). Table 1 lists names, codes 

used in this study and areal extent of the eight fans. 

As indicated by the building–density map in Figure 

3b, by far most of the present buildings in the Ad-

mont Valley (n=5135; see further below for data 

source) are located at the eight alluvial fans 

(n=3554; i.e. 69.2%) highlighting the importance of 

alluvial fans for settlement evolution. 

 

Figure 4 Geological cross profile through the Admont Valley from north to south crossing the two large alluvial fans at 

Admont (AF5) and Hall (AF8). Note the interlocked sedimentary structure in the valley bottom related to the repeated 

damming of the Admont Valley by mass movements further east (data source: Kellerer–Pirklbauer et al., 2004, modified) 

Table 1 The eight studied alluvial fans (AF) in the Admont Valley listing codes, total area of the alluvial fans as well as 

their shares (km²) and percentages, respectively, considered by yellow (moderate–risk) and red (high–risk) hazard zones 

(cf. Fig. 3) 

Code Name Area (km²) Area (%) 

total hazard zone hazard zone 

yellow red both outside yellow red both outside 

AF1 Pürgschachen 0.37 0.00 0.00 0.00 0.37 0.0 0.0 0.0 100.0 

AF2 Ardning 2.36 1.25 0.11 1.36 1.01 52.7 4.7 57.4 42.6 

AF3 Dörfler Siedlung 0.43 0.14 0.14 0.28 0.15 33.2 33.0 66.2 33.8 

AF4 Treffner 0.57 0.15 0.17 0.32 0.25 26.7 29.7 56.4 43.6 

AF5 Admont 3.41 0.43 0.31 0.74 2.68 12.5 9.1 21.6 78.4 

AF6 Krumau 2.15 0.19 0.12 0.31 1.85 8.9 5.4 14.3 85.7 

AF7 Weng 1.41 0.19 0.11 0.30 1.11 13.3 7.8 21.1 78.9 

AF8 Hall 5.94 0.33 0.72 1.05 4.88 5.6 12.2 17.8 82.2 

All  16.64 2.68 1.68 4.36 12.28 16.1 10.1 26.2 73.8 
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3. Material and Methods 

3.1 Historical maps: 1784 and 1824 

A substantial improvement of the quality of maps of 

Central Europe was the First Military Survey of the 

Habsburg Empire carried out between 1764 and 

1787 (Hofstätter, 1989). The First Military Survey of 

the Habsburg Empire (or Josephinische Landesauf-

nahme) was initiated by the order of Empress Maria 

Theresia in the 1760s and finalised more than two 

decades later during the reign of Emperor Josef II. 

Decisive for this survey were military interests re-

lated to the disadvantages of the Austrian army dur-

ing the Seven Years’ War in 1756–1763. The scale of 

the survey sheets (about 4,000) was 1:28,800. The 

survey had neither a triangulation basis, nor clearly 

defined projection (Hofstätter, 1989) impacting se-

verely georeferencing procedures (Mólnar et al., 

2014). Figure 2a depicts the spatial extent of the 

First Military Survey of the Habsburg Empire – ex-

cluding present–day Belgium – covering about 

640,000 km². 

During the First Military Survey of the Habsburg 

Empire in the period 1764–1787, the Admont Valley 

belonged to the administration unit Innerösterreich 

(Hofstätter, 1989). This part of the former Habsburg 

Empire was surveyed in 1784–1785 (for simplicity 

hereafter considered as 1784). The sheets from this 

survey are nowadays available online (digital access 

https://mapire.eu/en) even as georeferenced prod-

ucts with a rather good geometric accuracy (Mólnar 

et al. 2014). For the present study we had access to 

a georeferenced map of the First Military Survey 

computed by the Federal Government of Styria. Fur-

thermore, we also used the relevant maps from Ma-

pire for accuracy–assessment reasons. At Mapire, we 

exported the relevant map sections from their web-

site and georeferenced them in ArcGIS 10.5. Suita-

ble objects for georeferencing were churches 

(Weng, Ardning, and Hall), historical buildings (Ad-

mont Abbey) and bridges which still exist today and 

where the building geometry in the historical map 

seemed comparable to the one of today. The 

georeferencing procedure was enabled by using 

high resolution terrain data (1 m digital elevation 

model based on air–borne laserscanning data) pro-

vided by the Federal Government of Styria, freely 

available optical remote sensing data (ArcGIS base 

data) and the open street map. 

The First Military Survey was followed by the 

substantially improved Second Military Survey of 

the Habsburg Empire (or Franziszeische Landesauf-

nahme) in 1808–1869 and the Third Military Survey 

of the Habsburg (or Franzisco–Josephinische–

Landesaufnahme) in 1869–1887 (Hofstätter, 1989). 

An important further development during the 

Habsburg Empire was the detailed mapping and 

development of the cadastral land register of Fran-

cis I (Franziszeischer Kataster or Stabiler Kataster) 

accomplished between 1817 and 1861 (Fuhrmann, 

2007). The scale of the cadastral land register was 

(apart from alpine and urban areas) 1:2,880 consist-

ing of more than 53,200 sheets covering a total area 

of about 670,000 km² (Fig. 2b). 

The survey for the cadastral land register of 

Francis I in the Admont Valley was performed in 

1824. The data from this survey were also taken 

from Mapire (digital access https://mapire.eu/en) 

where we exported the relevant sections from the 

website and georeferenced them in ArcGIS 10.5 us-

ing the same remote sensing data as indicated 

above. Suitable objects for georeferencing were 

again churches, historical buildings, and bridges.  

After georeferencing both historical maps (1784 

and 1824), we digitised the spatial geometry of 

buildings that were located during those times at 

one of the eight alluvial fans. The accuracy of the 

georeferencing procedure for the cadastral land 

register of Francis I (scale 1:2,880) was high with 

about 10 m as judged form georeferencing quality 

control checks. The accuracy of the georeferenced 

maps of the First Military Survey of the Habsburg 

Empire is, however, much poorer due to the distor-

tion of the map related to triangulation and projec-

tion problems (Mólnar et al., 2014) but also due to 

the substantially smaller scale (1:28,800). 

 

3.2 Further data sources and data analyses 

A high–resolution terrain model with a 1 m resolu-

tion (provided by the Federal Government of Styria) 

derived from ALS–data and freely available optical 

remote sensing data were used to map the different 

landforms in the Admont Valley focusing particu-

larly on alluvial fans. Based on ALS data primarily 
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dating to 2008–2012 and occasionally to 2017 (for 

simplicity hereafter considered as 2008–2017), the 

Federal Government of Styria extracted the geome-

try of all buildings in the federal province of Styria 

mapped at scale 1:500. This dataset comprises 5135 

buildings for the Admont Valley, 69.2% of them 

(n=3554) are located on one of the eight studied 

alluvial fans (Land Steiermark, 2019). The building 

density for the Admont Valley (Fig. 3b) was calcu-

lated using these data and the point density func-

tion (with 10m grid size, 500m radius) in ArcGIS. 

Table 2 Documented damaging events at the eight studied alluvial fans (AF) in the Admont Valley in 1851–2017 distin-

guished between floods (flood), fluvial sediment transport events (notable but <20% volumetric debris content; flu–se), 

debris floods (20–<40% debris content; de–flood), debris flows (>40% debris content; de–flow), landslides (landsl) and 

snow avalanches (avala). Data taken form WLK 2019 

Code flood flu–se de–flood de–flow landsl avala sum 

AF1 0 0 0 0 0 0 0 

AF2 7 7 1 2 0 2 19 

AF3 0 0 0 1 0 0 1 

AF4 0 0 0 0 0 0 0 

AF5 3 0 0 4 1 0 8 

AF6 0 10 0 0 0 1 11 

AF7 3 5 2 0 0 0 10 

AF8 6 4 0 0 0 0 10 

all 19 26 3 7 1 3 59 

Data about the population evolution between 1869 

and 2018 in the study area were taken from Statistik 

Austria (2019). The Austrian Federal Service for Tor-

rent and Avalanche Control (WLV) provided digital 

hazard zonation maps that define yellow and red 

hazard zones for torrents and avalanche areas (Fed-

eral Ministry for Sustainability and Tourism, 2017). 

The delineation of these hazard zones in the Ad-

mont Valley was accomplished in the period 1981–

2015. Red hazard zones indicate areas where con-

struction of new houses is prohibited (high–risk 

zones). Yellow hazard zones define areas where sig-

nificant damage to properties or infrastructure must 

be expected and therefore construction is restricted 

(moderate–risk zones). 

The WLV also provided data regarding flood 

and debris–flow protection structures (pers. comm. 

Markus Mayerl) for this study. Finally, damaging 

events related to snow and water processes in the 

Admont Valley were also kindly provided by the 

WLV containing the period 1851–2017 (WLK, 2019). 

Spatial analyses were accomplished in ArcGIS. Sta-

tistical analyses were performed in Excel and SPSS. 

4. Results 

4.1 Alluvial fans and natural hazards related to 

torrents 

The eight studied alluvial fans in the Admont Valley 

vary in size from 0.37 to 5.94 km² summing up to 

16.64 km² (Table 1). About 26% of this area is con-

sidered in modern hazard zonation plans; 16% of it 

is in yellow hazard zones and 10% in red hazard 

zones. As depicted in Figure 3 and summarized in 

Table 1, the relative proportions of the two hazard 

zone types at the eight different alluvial fans vary 

substantially. No hazard zones are designated at 

AF1 related to a (building–sheltering) road con-

struction (highway A9/E57) at the upper part of the 

fan. About 57% of AF2 are either classified as yellow 

(52.7%) or red hazard zone (4.7%) even though wa-

ter protection structures were built at three torrents 

flowing onto the fan. AF3 and AF4 are of similar size 

and similarily considered by hazard zones. The rela-

tive shares of red and yellow zones at the two fans 

AF5 and AF7 is similar with 21% in both cases. At 

AF6 hazard zones are by one third less important re-

garding relative proportion. Finally, at the very lar-
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ge alluvial fan AF8 (36% of the entire study area) red 

zones are extended along the Schwarzenbach and 

Esslingbach torrents. However, the total relative 

share regarding hazard zones at this fan is moder-

ate with 18%. 

Altogether, 95 damaging events related to snow 

and water were inventoried by the Austrian Federal 

Service for Torrent and Avalanche Control (WLK, 

2019) for the period 1851–2017 in the Admont Vall-

ey. Most of the 95 events occurred along creeks and 

torrents all over the Admont Valley. 59 out of these 

95 events (62%) occurred on the eight alluvial fans, 

by far most of them at AF2 (19) followed by AF6–8 

(10–11 events). The Lichtmessbach for instance 

caused damaging floods (1897, 1951) and debris 

flows (1851, 1885, 1949) at the AF5. Regarding pro-

cess types, most importantly are fluvial sediment 

transport events (26) and floods (19) followed by 

debris flows (7). These results imply that the largest 

and most–populated alluvial fans are also the ones 

which experienced most damaging events in the 

past. It is the question if this result reveals the nat-

ural circumstances or if it originates in the fact that 

only the incidences that caused damage to human 

infrastructure were noted. Without further field 

analysis this question cannot be answered. 

 

4.2 Building structure in 1784 

199 buildings were mapped at the eight studied 

alluvial fans for 1784. By far most of the buildings 

were delineated at AF8 (81) followed by AF5 (38) 

and AF2 (30). Table 3a lists the number of houses at 

the eight alluvial fans and their spatial relationship 

to yellow and red hazard zones. The table contains 

furthermore the spatial extent and some spatial sta-

tistics for all mapped buildings for 1784. The aver-

age size of all mapped 199 building is 1074 m². The 

buildings ranged from 271 to 15,953 m² in size. Fig-

ures 5a and 6a show exemplarily the mapping re-

sults of sub-areas AF5 and AF8. As depicted, the 

buildings look generalized attributed mainly to the 

original map scale of 1:28,800. The four largest 

buildings in 1784 are all at AF5 also shown in Figure 

5a. The third–largest building is the Benedictine Ab-

bey of Admont, presented as a U–shaped polygon; 

the other three are elongated blocks. Figure 7a dis-

tinguishes graphically the number of buildings per 

alluvial fan located within or outside hazard zones. 

29% of the buildings were partly or entirely in a pre-

sent–day red zone area whereas 41% would have 

been within a yellow–zone area. Figure 8 presents 

the relative shares of the studied alluvial fans cov-

ered by buildings during the three different stages. 

Results show that the relative shares of the alluvial 

fans covered by buildings varied in 1784 between 

0.5 (AF4) and 2.3% (AF5) averaging to 1.3% of the 

total area. In absolute numbers, this is 0.21 km² of 

the 16.61 km² large study area. 

 

4.3. Building structure in 1824 

For the year 1824 altogether 911 buildings were 

mapped at the eight alluvial fans. At this stage – 

different to 1784 – most of the buildings were de-

lineated at AF5 (303) followed by AF8 (282) slightly 

behind (Table 3b). Table 3b contains the spatial ex-

tent and spatial statistics for all mapped buildings 

from this year. The average size of all 911 buildings 

is 164 m² and hence only about 15% of the mean 

building size mapped in 1784. The buildings in 1824 

ranged from only 6 (much smaller than in 1784) to 

14,977 m² (like 1784) in size. The smallest buildings 

were often barns distributed over the agricultural 

land. Figures 5b and 6b show selected mapping re-

sults for parts of AF5 and AF6. As depicted, the 

building structure is substantially different and 

much more detailed compared to the previous 

stage 1784 attributed also to the 10–times larger 

scale of the original maps. The by far largest build-

ing in the entire study area was at that time the 

building–complex of the abbey in Admont (14,977 

m²). The second–largest building (also at AF5) only 

covered 3625 m². Figure 7b distinguishes graph-

ically the number of buildings per alluvial fan lo-

cated within or outside different hazard zones. 233 

(26%) of the altogether 911 buildings were partly or 

entirely in a present–day red zone area whereas 335 

of the buildings (37%) would have been within a 

modern–day yellow–zone area. At an alluvial fan–

scale, these figures are even more dramatic for AF3 

and AF5 (Table 3b). Figure 8 shows that the relative 

shares of the studied alluvial fans covered by build-

ings in 1824 where on average 31% less compared 

to 1784. 
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For 1824, results show that the relative shares of the 

alluvial fans covered by buildings varied between 

only 0.3 (AF6) and 2.0% (AF5) averaging to 0.9% of 

the total area, which is 0.15 km². 
 

 

Figure 5 Spatial building distribution at the central part of alluvial fan AF5 (Admont) in 1784 (a), in 1824 (b) and in the 

time period 2008–2017 (c) in relation to the present hazard zonation (for location see Fig. 3a) 

 

Figure 6 Spatial building distribution at the central part of alluvial fan AF8 (Hall) in 1784 (a), in 1824 (b) and in the time 

period 2008–2017 (c) in relation to the present hazard zonation (for location see Fig. 3a)



KELLERER–PIRKLBAUER and EULENSTEIN / Revista de Geomorfologie 21 (2019) 

38 

Table 3 Number of buildings and related spatial statistical parameters at the eight studied alluvial fans in the Admont 

Valley in 1784 based on historical maps (a), 1824 based on historical cadastral data (b), and today based on 

ALS–Data (c) 

Code Buildings Percentage of 

alluvial fan cov-

ered by buildings 

(%) 

number 

(n) 

entirely or partly in 

hazard zone: 

area (m²) 

 red yellow sum min. max. mean total 

(a) 1784 

AF1 8 0 0 8229 809 1496 1029 2.3 

AF2 30 17 21 26212 398 2750 874 1.1 

AF3 5 2 4 6522 1066 1756 1304 1.5 

AF4 5 0 1 3058 461 926 612 0.5 

AF5 38 14 19 78457 435 15953 2065 2.3 

AF6 15 0 3 11908 447 1476 794 0.6 

AF7 17 8 13 24212 317 3387 1424 1.7 

AF8 81 16 20 55138 271 1291 681 0.9 

all 199 57 81 213736 271 15953 1074 1.3 

(b) 1824 

AF1 30 0 0 2818 23 197 94 0.8 

AF2 93 13 58 16187 19 686 174 0.7 

AF3 32 21 18 3095 21 277 97 0.7 

AF4 31 8 12 4707 21 1019 152 0.8 

AF5 303 108 130 67903 6 14977 224 2.0 

AF6 52 0 10 6794 7 566 128 0.3 

AF7 88 24 47 15222 15 1260 173 1.1 

AF8 282 59 60 32336 10 861 115 0.5 

all 911 233 335 149062 6 14977 164 0.9 

(c) 2008–2017 

AF1 104 0 0 13827 6 769 133 3.8 

AF2 502 79 364 84086 6 3083 168 3.6 

AF3 77 23 54 6786 7 529 88 1.6 

AF4 24 5 7 2937 8 683 122 0.5 

AF5 1126 147 243 256047 6 31137 227 7.5 

AF6 93 3 15 11136 7 700 120 0.5 

AF7 235 41 119 55512 6 5374 236 3.9 

AF8 1393 125 137 207279 4 1841 149 3.5 

all 3554 423 939 637610 4 31137 179 3.8 

 

4.4 Building structure in 2008–2017 

For the most recent of the three analysed stages, a 

total number of 3,554 buildings were counted at the 

eight alluvial fans (Table 3c). This value is about 4 

times higher than 190 years earlier. 71% of all build-

ings are located at the two alluvial fans AF5 (Ad-

mont) and AF8 (Hall). This massive increase in build-

ings since 1824 is also well illustrated in Figures 5c 

(for AF5) and 6c (for AF8). Most buildings were 

counted for the last stage at the alluvial fan in Hall 

(AF8; 1393 buildings) followed by the one in Ad-

mont (AF5; 1126). The third most important alluvial 

fan for settlement in the Admont Valley is – alt-

hough far behind the other two – the one in 

Ardning (AF2; 502). Table 3c lists the number of 

houses at the eight alluvial fans, their spatial rela-

tionships to yellow and red hazard zones and areal 

information about building–extend conditions. The 

average size of all 3,554 buildings is 179 m² which is 

only 9% larger than 190 years earlier. The buildings 

range from 4 to 31,137m² in size. 
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Figure 7 Number of buildings at the eight studied alluvial fans in 1784 (a), in 1824 (b) and in the time period 2008–2017 

(c) and their relationship to the present hazard zonation plans (cf. Fig. 3). Considered buildings in the hazard zones are 

either entirely or partly in the indicated hazard zones. Note the different scale in the axis of ordinates 

However, a high number of small but also one very 

large building (for wood industry; 31,137 m²) were 

added. The main building of the Admont Abbey co-

vers 13,105 m² (=second largest building) which is 

12% less compared to 1824. Figure 7c distinguishes 

graphically the number of buildings per alluvial fan 

located within or outside hazard zones. Only 12% of 

the buildings are partly or entirely in present–day 

red zones whereas 26% are partly or entirely in a 

yellow–zone area. 

Figure 8 shows that the relative shares of the al-

luvial fans covered by buildings vary at present be-

tween 0.5 (AF4 and AF6) and 7.5% (AF5) averaging 

to 3.8% of the total area which is 4.2 times (or 0.49 

km²) more compared to 1824. In absolute numbers, 

some 0.64 km² of the study area is covered by 

buildings. 

 

Figure 8 Relative shares of areas covered by buildings 

distinguished for each of the eight studied alluvial fans 

and the mean for the three periods for 1784, 1824 and 

2008–2017. 
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4.5 Demographic development 1784–2019 

Figure 9 depicts the population changes in the Ad-

mont Valley area since 1869 considering also the 

two communities Ardning (in the west) and Admont 

separately. For Admont, the c.150 inhabitants of the 

outside the study area located cadastral commune 

Johnsbach are included. In 1869 some 4,500 people 

lived in the Admont Valley and in Johnsbach. The 

number of people linearly increased until 1934 with 

a peak in 1939 (possibly related to WW2). After-

wards and until 2001 the number of inhabitants was 

only slightly increasing. Between 2011 and 2019 the 

population was rather stable with about 6,200 in-

habitants. No accurate data regarding number of 

inhabitants in the study area were available from 

earlier times. However, if we extrapolate the popu-

lation evolution linearly further back in time, we 

could assume c. 3,500 people in 1824 and c. 2,800 in 

1784. 

 

Figure 9 Evolution of the population of the Admont Vall-

ey (including the cadastral commune Johnsbach with 

c.150 inhabitants in 2019) between 1869 and 2019. For 

data source see text. 

5. Discussion 

5.1 Building evolution since 1784 at the studied 

alluvial fans 

Our analyses regarding building evolution between 

1784 and present at eight different alluvial fans in 

the Admont valley revealed a substantial increase in 

the number of buildings and in the spatial extent of 

build–up land. However, two main problems oc-

curred in the mapping procedure of the 1784–da-

taset limiting the meaningfulness of the oldest da-

taset substantially. First, due to the general distor-

tion of the historic map it was not possible to su-

perimpose in a geometrically satisfying manner the 

historic map over the present–day data. Mólnar et 

al. (2014) concluded that georeferencing is well fea-

sible with a remaining error is in the order of 100–

200m. Furthermore, they point out that further re-

finement is possible using a rather dense ground 

control point network (GCP). However, in case of 

missing candidates for GCP on the original map, this 

is simply not possible. 

This uncertainty implies that buildings that were 

located at one of the alluvial fans were not ac-

counted for as such and vice–versa. In a geometric 

context this means inaccurate data. Second, due to 

the scale of 1:28,800 of the original maps, most of 

the houses and buildings were cartographically pre-

sented in a generalized manner such as depicted in 

Figure 5a for Admont (AF5) or 6a for Hall (AF8). This 

generalisation gets also evident when we look on 

the calculated area values for houses for 1784 (e.g., 

mean 1,074 m²) in relation to the two later stages 

(164 m² for 1824; 179 m² for 2008–2017). Thus, the 

cartographic representation of the conditions in 

1784 is not only inaccurate but also not precise. This 

implies that the 1784–cartographic representation is 

certainly of high value for describing general pat-

terns of buildings and in particular settlement distri-

butions, but it is not feasible at all to compare the 

areal data calculated for 1784 with those for 1824 or 

later. 

The cadastral land register of Francis I, dating to 

1824 in the Admont Valley, provides a substantially 

different picture. The cadastral land register is the 

result of detailed geodetic and cartographic work 

accomplished over a 44–year period and covering 

an area of 670,000 km² (Fuhrmann, 2007). The 1824 

data in the Admont Valley are accurate and precise 

in terms of geometry and localization, and surely 

comparable to the ALS–based building data of 

2008–2017. This is for instance illustrated in Figure 5 

where the geometry of the Admont Abbey is shown 

for 1824 (b) and 2008–2017 (c). The church and 
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most of the wings of the building complex have 

identical or only slightly different plan views in both 

periods. However, as visible in the central part of the 

abbey, several buildings are missing today. This loss 

in build–up area is attributed to a big fire in 1865 

destroying particularly the central wings of the 

building complex (List, 1984) reducing the size of 

the building complex from 14,977 m² in 1824 to 

13,105 m² today. 

The ALS–based building distribution mapped at 

a scale 1:500 (Land Steiermark 2019) is also re-

garded as accurate and precise data. The thus feasi-

ble comparison of the two latter data sets show a 

3.9–fold increase in the number of buildings from 

911 to 3554 in c.190 years. In the same time, the 

entire population in the Admont Valley increased 

from c. 3500 to c.6200, i.e. only 1.8 times. This dif-

ference in multiplications of buildings and popula-

tion between the two stages implies inhabitants per 

house also attributed to substantial socio–economic 

changes during the last 190 years. 

 

5.2 Relationship between hazard–zones, dam-

aging events and building evolution 

The comparison of official hazard–zone plans with 

our mapping results (1784 and 1824) and existing 

building distribution data (2008–2017) show that a 

significant amount of buildings are located partly or 

entirely in yellow (moderate–risk) and red (high–risk) 

hazard zones. Whereas the analysis results for the 

1784 data (Table 3a) are only of limited meaningful-

ness due to inaccurate and unprecise data, the re-

sults for the latter to stages (Table 3b, c) are of great 

significance. At present, 11.9% of all 3,554 buildings 

are partly or entirely in a red hazard zone. 26.4% are 

partly or entirely in a yellow hazard zone. Some 190 

years earlier (and with 911 buildings), these per-

centage values would have been even higher with 

25.6% for red and 36.8% for yellow hazard zones. 

These values clearly show that despite a tremendous 

increase in buildings at the eight alluvial fans (cf. Fig. 

5c, 6c), the proportion of buildings exposed to tor-

rents–related natural hazards significantly decreased 

by 10.4% for yellow and by 13.7% for red zone  

areas. 

The documented damaging events at the eight 

studied alluvial fans highlight the importance of 

floods (32.2% of all events) and fluvial sediment 

transport events with notable but <20% volumetric 

debris content (44.1%). Debris flows were only 

11.9% of all documented damaging events since 

1851. The alluvial fan AF2 was very much affected by 

damaging processes in the past which is also con-

sidered in the hazard zone plan (Fig. 3a). 57.4% of 

the entire alluvial fan is still in a high–risk (red) to 

moderate–risk (yellow) zone, despite the fact that 

protection constructions were installed in several of 

the torrents (Fig. 3a) that flow onto the large alluvial 

fan. This potential threat to floods and flood–related 

geomorphic processes at AF2 had only to a limited 

extent an impact on the building evolution at this 

fan. 72.5% of all buildings at AF2 are entirely or 

partly in the yellow zone. Comparable high values 

for yellow zones were revealed for AF3 and AF7. 

Regarding red zones, 15–30% of all buildings at AF2, 

AF7, AF4, and AF3 are partly or entirely in such 

high–risk zones. 

The fact that so many present buildings are in 

high– and moderate–risk areas is attributed to the 

age differences between the buildings and hazard 

zonation plans in the Admont Valley. A total of 102 

hazard zones were identified at the eight alluvial 

fans dating to different years: 42 dates to 1981, 33 

to 1998, 21 to 2014, and 6 to 2015 (Federal Ministry 

for Sustainability and Tourism, 2017). These age 

dates illustrate that it is quite normal – in the Ad-

mont Valley but also all–over alpine Austria – that 

many hazard zonation plans are younger (e.g. cen-

tral part of Admont; Fig. 5) compared to the build-

ings within them. New buildings at yellow zone ar-

eas are possible, but restricted and with building 

obligations (e.g. at AF2). 

 

5.3 The wider significance of the present study 

What is now a wider significance of such a study in 

more regional to national context? As stated in the 

material and methods section the existence and the 

increasing availably of historic maps allow longer–

term studies on settlement and building evolution 

even at a landform–scale. The spatial extent of the 

First Military Survey of the Habsburg Empire ex-

cluding present–day Belgium covers some 640,000 
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km². This is obviously a huge part of central and 

Eastern Europe (Fig. 2a). The spatial extent of the 

cadastral land register of Francis I is similar with 

670,000 km² (Fig. 2b; Fuhrmann, 2007). The consid-

ered areas in both map products are not the same. 

However, for many areas in present–day Czech Re-

public, Slovakia, Hungary, Ukraine, Romania, Poland, 

Serbia, Croatia, Slovenia and Italy digital historic 

maps are available for similar studies. 

Regarding landform–relevance, particularly in 

alpine areas alluvial fans played a major role for set-

tlement and housing establishment in the past and 

even today. As we showed with the example Ad-

mont Valley (236.1 km²), by far most present–day 

buildings (69.2%) are located at only eight alluvial 

fans (total area 16.6 km²). Topographically compara-

ble conditions in other areas of the former Habs-

burg Empire (e.g. Carpathians, Dinaric Alps) might 

allow alluvial fan–settlement evolution studies using 

the Habsburg–data. Furthermore, such data might 

contribute to understand long–term man–landscape 

interactions at landform scale (Zygmunt, 2009). Fur-

thermore, also other specific landforms could be 

assessed using historical data regarding their set-

tlement evolution significance as for instance shown 

for a depression basin in eastern Romania (Chirilă–

Acatrinei, 2015) or the urban development in Sibiu, 

Central Romania (Costea, 2016). Thus, analysing his-

torical maps that are relatively accurate and precise 

have a high potential in historio–geomorphological 

research. 

 

6. Conclusions 

From this study, the following main conclusions can 

be drawn: 

• Historical maps at large scale and as georef-

erenced products are increasingly available for geo-

graphical and historical research question. In this 

study we used (and partly re-georeferenced) histori-

cal maps from 1784 (at scale 1:28,800) and 1824 

(1:2,880) from an alpine valley (Admont Valley) and 

combined this information with geomorphic (land-

form distribution), geomorphodynamic (docu-

mented damaging events at torrents) and spatial 

planning (hazard zonation maps) data. 

• We showed that the used map product 

from the 18th century is useful for general settle-

ment evolution assessments. However, a detailed 

spatial analysis and a comparison with present–day 

data (in terms of buildings but also hazard zonation 

plans) at a building–scale is not feasible, due to the 

distortion of the map related to triangulation and 

projection problems and the generalisation of ob-

jects. This implies geometrically inaccurate and un-

precise data. 

• The analysis and comparison of the large 

scale, accurate and also precise (horizontal accuracy 

in the order of 10 m) building data from the year 

1824 with present–day data (2008–2017) revealed 

spatial and socio–economic insight into the popula-

tion and building evolution over a 190–year period 

at eight alluvial fans. Whereas the number of build-

ings increased 3.9 times, the population only grew 

1.8 times. Despite a tremendous increase in build-

ings (911 in 1824; 3,554 in 2008–2017), the propor-

tion of buildings exposed to torrents–related natural 

hazards significantly decreased by 10.4% for yellow 

(moderate–risk) and by 13.7% for red (high–risk) 

zones. 

• The large spatial extent of the used histori-

cal data with 640,000 km² (excluding present–day 

Belgium) for the First Military Survey of the Habs-

burg Empire dating to 1764–1787 and 670,000 km² 

for the cadastral land register of Francis I dating to 

1817–1861 implies that similar historio–

geomorphological studies as presented here might 

be accomplished in other countries in central and 

eastern Europe. 
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