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1 ( mi n Pt s = 1), t r e ati n g e a c h p oi nt a s a c o r e p oi nt. A s a r e s ult, n o b o r d e r p oi nt s w e r e i d e nti ffi e d, a n d e v e r y p oi nt t h at 1 4 3 

w o ul d h a v e b e e n cl a s si fi e d a s n oi s e if mi n Pt s > 1 f u n cti o n e d a s " d e - f a ct o c o r e p oi nt s" o r " p s e u d o- n oi s e," a s t h e s e p oi nt s 1 4 4 

w e r e al w a y s st a n d - al o n e c o r e p oi nt s l o c at e d o ut si d e l a r g e r cl u st e r s. C o r e p oi nt s i n cl u st e r s w e r e al w a y s di r e ctl y 1 4 5 

d e n sit y - r e a c h a bl e a n d s y m m et ri c al, wit h t h e s m all e st cl u st e r s c o n si sti n g of p ai r s of c o r e p oi nt s. H o w e v e r, D B S C A N 1 46 

e fi e cti v el y g r o u p e d sit e s wit hi n s p e ci fi e d di st a n c e s w hil e al s o i n c o r p o r ati n g i s ol at e d sit e s i nt o t h e a n al y si s  ( Cl a r k & 1 47 

E v a n s, 1 9 5 4; D u c k e, 2 01 5; E st e r et al., 1 9 9 6; O rt o n, 2 0 0 4; S c h u b e rt et al., 2 01 7; H a g m a n n, i n p r e s s/ 2 0 2 4) . (Fi g u r e 1) 1 4 8 

Di fi e r e nt di st a n c e v al u e s w e r e t e st e d t o d et e r mi n e t h e m o st s uit a bl e m a xi m u m di st a n c e ( ε) f o r cl u st e ri n g, wit h a 1 49 

s o ci al - a r c h a e ol o gi c al i nt e r p r et ati o n g ui di n g t h e s el e cti o n. I n t h e A OI, e a c h ε v al u e i n m et e r s c o r r e s p o n d s t o a ci r c ul a r 1 5 0 

a r e a, c al c ul at e d u si n g  F o r m ul a 2 . T hi s ci r c ul a r a r e a r e p r e s e nt s t h e e fi e cti v e c at c h m e nt f o r t h e D B S C A N al g o rit h m. 1 51 

T h e c h oi c e of ε d e p e n d s o n t h e r e s e a r c h q u e sti o n a n d t h e a r c h a e ol o gi c al si g ni fi c a n c e of t h e sit e cl u st e r s. T h e 1 5 2 

a s s u m pti o n i s t h at e a c h cl u st e r of fi n d s a n d f e at u r e s r e p r e s e nt s a milit a r y, ci vili a n, o r u r b a n s ettl e m e nt, s p ati all y 1 5 3 

di sti n ct f r o m ot h e r s. T h e di st a n c e ε s h o ul d b e l a r g e e n o u g h t o p r e v e nt e x c e s si v e cl u st e r f o r m ati o n, b ut n ot s o s m all 1 5 4 

t h at it di vi d e s sit e s t h at w e r e hi st o ri c all y c o n n e ct e d.  1 5 5 

A k e y li mit ati o n of D B S C A N i s t h e n e e d t o d e ci d e i n a d v a n c e t h e m o st a p p r o p ri at e ε, w hi c h m a y n ot a p pl y u nif o r ml y 1 56 

a c r o s s all sit e s. Si n c e m o st sit e s l a c k d et ail e d i nf o r m ati o n o n t h ei r e x a ct n at u r e, l o c ati o n, o r c o n n e cti o n t o ot h e r sit e s, 1 57 

g e n e r ali z e d p a r a m et e r s a r e u s e d. E v e n wit h di fi e r e nt ε v al u e s f o r e a c h sit e, it r e m ai n s di ff c ult t o d et e r mi n e w hi c h 1 5 8 

p a r a m et e r s b e st r e fi e ct hi st o ri c al r e alit y. I n r a r e c a s e s, c o m pl et e d at a ( e. g., f r o m g e o p h y si c al s u r v e y s) i s a v ail a bl e, b ut 1 59 

t hi s i s u n c o m m o n, a n d e v e n t h e n, sit e d e ff niti o n q u e sti o n s m a y b e c o m e m o ot, m a ki n g cl u st e ri n g u n n e c e s s a r y. 16 0 

F u rt h e r m o r e, w hil e it w o ul d b e i nt e r e sti n g t o cl u st e r sit e s b a s e d o n c h r o n ol o gi c al p a r a m et e r s, li k el y s hi ffi n g t h e m 161 

a c r o s s p e ri o d s, t hi s f all s o ut si d e t h e s c o p e of t h e c u r r e nt st u d y. H e r e, t h e f o c u s i s o n a b a si c cl u st e ri n g att e m pt f o r all 16 2 

A OI sit e s u si n g t h e D B S C A N al g o rit h m. D e s pit e t h e s e li mit ati o n s, D B S C A N o fi e r s a m et h o d t o d e s c ri b e t h e a n ci e nt 16 3 

s ettl e m e nt p att e r n b y i d e ntif yi n g cl u st e r s i n t h e d at a, e v e n if t h e r e s ult s a r e a n a p p r o xi m ati o n. T hi s a n al y si s all o w s 16 4 

f o r a s p ati al i nt e r p r et ati o n of t h e R o m a n s ettl e m e nt l a n d s c a p e u n d e r c o nt r oll e d, r e p e at a bl e c o n diti o n s, p r o vi di n g a 16 5 

b a si s f o r f u rt h e r e x pl o r ati o n.  166 

C o m p a r ati v e a r c h a e ol o gi c al e x a m pl e s f r o m cl a s si c al a nti q uit y, s u c h a s t h o s e f r o m s u r v e y lit e r at u r e ( cf., e. g., Bi ntli fi, 167 

2 01 2; Wil ki n s o n, 1 9 8 9) , p r o vi d e a d diti o n al c o nt e xt. Alt h o u g h s u rf a c e fi n d p att e r n s i n 𝐸 u e n c e d b y p r a cti c e s li k e 16 8 

f e rtili z ati o n a r e m o r e c o m m o n i n t h e M e dit e r r a n e a n a n d m a y n ot di r e ctl y a p pl y t o t h e A OI, t hi s d at a still o 𝑀 e r s u s ef ul 169 

r ef e r e n c e s f o r e sti m ati n g s ettl e m e nt a cti vit y z o n e s r el e v a nt t o t h e a r e a ( T a bl e 2 ). T h e p oi nt c o o r di n at e s of t h e cl u st e r s 17 0 

w e r e vi s u ali z e d i n Q GI S b y c al c ul ati n g t h e c e nt e r of m a s s f o r e a c h cl u st e r. T h e s e c e nt e r s of m a s s s e r v e p u r el y f o r 171 

vi s u ali z ati o n, r e p r e s e nti n g t h e a p p r o xi m at e c e nt r al p oi nt of e a c h " sit e." Gi v e n t h e n at u r e of t h e d at a a n d t h e 17 2 

u n d e r st a n di n g of a sit e a s a n a c c u m ul ati o n of a r c h a e ol o gi c al o bj e ct s r e 𝐷 e cti n g r el at e d h u m a n a cti viti e s o v e r a s p e ci fi c 17 3 

ti m e s p a n, t h e c al c ul at e d c e nt e r m a y n ot c o r r e s p o n d t o t h e a ct u al s o ci al f o c al p oi nt o r a n y si g ni fi c a nt a cti vit y a r e a 17 4 

wit hi n t h e g r o u p of sit e s. N o n et h el e s s, t hi s m et h o d o fi e r s a c o n si st e nt a n d t r a n s p a r e nt a p p r o a c h t o d e fi ni n g sit e s  17 5 

( V e r h a g e n et al., 2 01 6, p p. 31 0 – 311) . 17 6 
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Fi g u r e  1: Ill u st r ati o n of t h e D B S C A N al g o rit h m wit h mi n Pt s = 1 a n d m a xi m u m di st a n c e ε  –  Bl u e p oi nt s ( e. g., P 0 a n d P1) wit h y ell o w 17 8 
c at c h m e nt a r e a s r e p r e s e nt c o r e p oi nt s. All bl u e p oi nt s a r e s y m m et ri c al a n d di r e ctl y d e n sit y - r e a c h a bl e, a s t h e y a r e wit hi n t h e 17 9 
m a xi m u m di st a n c e ε of e a c h ot h e r, f o r mi n g cl u st e r s. T hi s al s o a p pli e s t o p ai r s of c o r e p oi nt s f o r mi n g t w o - p oi nt cl u st e r s. Si n c e 1 8 0 
mi n Pt s = 1, all p oi nt s a r e t r e at e d a s c o r e p oi nt s, m e a ni n g t h e r e a r e n o b o r d e r p oi nt s o r t r a diti o n al n oi s e p oi nt s. H o w e v e r, g r a y 1 81 
p oi nt s b e h a v e si mil a rl y t o n oi s e (" p s e u d o - n oi s e") a s t h e y a r e i s ol at e d f r o m l a r g e r cl u st e r s. O r a n g e di a m o n d s i n di c at e t h e c e nt e r 1 8 2 
of m a s s of t h e cl u st e r s.  1 8 3 

 1 8 4 

ffi = fi × fi 2  F o r m ul a 2  

A = a r e a , r = ε . 1 8 5 

 1 8 6 

T a bl e 2 : E xt e nt of s u rf a c e fi n d s c att e r i n r el ati o n t o c o r r e s p o n di n g s ettl e m e nt t y p e s , a c c o r di n g t o Bi ntliff ( 2 01 2, 11 3. 11 4 Fi g. 4 A); 1 87 
Wil ki n s o n (1 9 8 9, 4 4 T a b. 1)  1 8 8 

S ettl e m e nt t y p e  S ettl e m e nt si z e  R a di u s of t h e s u rf a c e f in d di st ri b uti o n  (ε ) A r e a ( m²)  

H a ml et s a n d f a r m st e a d s < 1. 5 h a  2 0 0 -  4 0 0 m  1 3 -  5 0 h a  
Vill a g e s  2 -  9 h a  6 0 0 -  1 0 0 0 m 11 3 -  31 4 h a  
S m all t o w n s  1 0 -  2 9 h a  1 3 0 0 m 5 31 h a  
L a r g e citi e s  > 4 0 h a  2 2 0 0 -  6 0 0 0 m  1 5 k m² -  11 3 k m² 

 1 8 9 

A v al u e of 3 5 5 m f o r ε, d e ri v e d f r o m t h e N N A' s O M D a n d c o m p a r a bl e t o t h e fi n d - di s p e r s al c o n si d e r ati o n s f o r h a ml et s 19 0 

a n d f a r m st e a d s ( T a bl e 2 ), c o r r e s p o n d s t o a n a r e a of a p p r o xi m at el y 4 0 h a a n d yi el d e d 1 9 0 cl u st e r s. H o w e v e r, s e v e r al 191 

fi n d s p ot s a p p e a r e d i n l o c ati o n s w h e r e a si n gl e l a r g e r fi n d s p ot s e e m e d m o r e a p p r o p ri at e b a s e d o n sit e d e fi niti o n 19 2 

c rit e ri a.  I n c r e a si n g ε t o 4 5 0 m, c o r r e s p o n di n g t o a c at c h m e nt a r e a of a p p r o xi m at el y 6 4 h a ( p o siti o n e d b et w e e n l a r g e r 19 3 

f a r m st e a d s a n d s m all e r vill a g e s), r e s ult e d i n 1 6 9 cl u st e r s. T hi s v al u e w a s c h o s e n t o t e st t h e e fi e ct of l a r g e r t h r e s h ol d s, 19 4 

a s m ulti pl e cl u st e r s w e r e still d et e ct e d i n a r e a s w h e r e o nl y o n e w a s e x p e ct e d.  A r a di u s  ε = 1 0 0 0 m, c o r r e s p o n di n g t o 19 5 

t h e c at c h m e nt of l a r g e r vill a g e s ( a p p r o x. 31 4 h a), r e s ult e d i n 1 0 3 cl u st e r s. H o w e v e r, t hi s v al u e s e e m e d  t o o hi g h, a s it 196 

g r o u p e d sit e s a c r o s s cl e a r t o p o g r a p hi c al b a r ri e r s li k e v all e y s a n d m o u nt ai n sl o p e s, c r e ati n g o v e rl y l a r g e, s p ati all y 197 

u n cl e a r cl u st e r s.  A n a n al y si s wit h ε = 1 4 8 0 m, r e p r e s e nti n g t h e R o m a n m e a s u r e of 1 M P ( mill e p a s s u s; S c h ul z ki, 19 8 

2 0 0 6 b ) a n d a c at c h m e nt of a b o ut 6 8 8 h a, f u rt h e r e x p a n d e d t h e cl u st e ri n g. B a s e d o n t h e v al u e s  i n T a bl e 2 , a v al u e of 199 
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7 4 0 m ( 0. 5 M P), r e p r e s e nti n g a c at c h m e nt a r e a of 1 7 2 h a, p r o v e d t o b e t h e m o st e ffi e cti v e i n t h e GI S - b a s e d c o m p a ri s o n. 2 0 0  

T h e r ef o r e u si n g ε = 7 4 0 m a n d mi n Pt s = 1 i n D B S C A N r e s ult e d i n a w ell - di st ri b ut e d a r r a n g e m e nt of 1 2 9 cl u st e r s, 2 01  

ali g ni n g wit h t h e t o p o g r a p h y a n d p r o vi di n g a l o gi c al s u m m a r y of t h e sit e s.  (T a bl e 3 ; Fi g u r e 2 ) 2 0 2  

E v e nt u all y , 1 2 9 m a s s f o c al p oi nt s w e r e d et e r mi n e d a n d vi s u ali z e d, m a r ki n g t h ei r a b st r a ct l o c ati o n s f o r di st ri b uti o n 2 0 3  

a n d o v e r vi e w m a p s. T h e r e s ult s b a s e d o n t h e 7 4 0 m m a xi m u m di st a n c e a r e w ell ill u st r at e d b y t h e sit e s i n t h e T r ai s e n 2 0 4  

v all e y a r e a, w h e r e cl u st e r s w e r e f o r m e d t h at r e s p e ct t o p o g r a p hi c al f e at u r e s li k e hill s a n d w at e r w a y s. ( Fi g u r e 3 ) T hi s 2 0 5  

i n di c at e s t h at r u r al sit e cl u st e r s ali g n wit h n at u r al b a r ri e r s, w hil e m o r e c o m pl e x sit e s, s u c h a s t h e A u xili a r y F o rt of 2 06  

A u g u sti a ni s/ T r ai s m a u e r o n t h e ri g ht b a n k of t h e T r ai s e n, a r e e fi e cti v el y g r o u p e d i nt o cl e a rl y d e fi n e d cl u st e r s. 2 07  

S c att e r e d r u r al sit e s b e y o n d t h e ri v e r a r e al s o s e n si bl y cl u st e r e d.  2 0 8  

T h e c h o s e n di st a n c e of 0. 5 M P ( 7 4 0 m) a c c o m m o d at e s all e x p e ct e d c at e g o ri e s of r u r al s ettl e m e nt s — h a ml et s, 2 09  

f a r m st e a d s, a n d s m all e r vill a g e s— a s o utli n e d i n T a bl e 2 . T h e sit e cl u st e r s o fi e n di s pl a y i r r e g ul a r s h a p e s, wit h a h al o-21 0  

li k e t hi n ni n g of fi n d s f r o m t h e c e nt r al o n- sit e a r e a t o t h e o fi - sit e p e ri p h e r y. T h e f a rt h e r a sit e i s f r o m t h e m a s s f o c u s 211  

(t h e a b st r a ct c e nt e r), t h e f e w e r fi n d s p ot s o c c u r. T hi s p att e r n i s al s o vi s u ali z e d wit h V o r o n oi di a g r a m s: s m all e r 21 2  

p ol y g o n s f o r m i n c e nt r al a r e a s of c o m pl e x sit e s, w hil e l a r g e r p ol y g o n s r e fi e ct m o r e di s p e r s e d p e ri p h e r al sit e s. 21 3  

C o m bi ni n g V o r o n oi di a g r a m s wit h sit e c e nt e r s p r o d u c e s i r r e g ul a r s h a p e s — r o u n d, a r c h e d, el o n g at e d, o r p ol y g o n al —21 4  

li k el y r e p r e s e nti n g t h e o n-  a n d o fi - sit e a r e a s a n d t h ei r s u r r o u n di n g h al o s.  21 5  

T h e D B S C A N - b a s e d a p p r o a c h u s e d h e r e p r o vi d e s a n a p p r o xi m ati o n of t h e s ettl e m e nt’ s s p ati al di st ri b uti o n. 216  

H o w e v e r, t h e cl u st e ri n g al s o hi g hli g ht s li mit ati o n s, a s s o m e sit e s a r e a d d e d t o cl u st e r s b a s e d o n t h ei r p r o c e s si n g 217  

s e q u e n c e, d e s pit e b ei n g s p ati all y cl o s e r t o ot h e r cl u st e r s. I nt e r e sti n gl y, t h e m o st p r o mi si n g cl u st e ri n g r e s ult s ali g n s 21 8  

wit h t h e R o m a n m e a s u r e of 0. 5 M P ( 7 4 0 m), s u g g e sti n g t h e i n ff u e n c e of R o m a n u nit s of m e a s u r e m e nt, p a rti c ul a rl y 219  

t h e R o m a n mil e, r at h e r t h a n ot h e r s y st e m s s u c h a s l e u g a e ( S c h ul z ki, 2 0 0 6 a). 2 2 0  

 2 21  

T a bl e 3 : D B A S C A N - b a s e d cl u st e ri n g of t h e R o m a n sit e s i n t h e A OI: p a r a m et e r s u s e d  2 2 2  

ε  S u rf a c e a r e a  C at c h m e nt  N u m b e r of cl u st e r s ( mi n Pt s = 1)  

3 5 5 m  3 9 5 91 9 m 2  4 0 h a  1 9 0 
4 5 0 m  6 3 61 7 2 m 2  6 4 h a  1 6 9 
7 4 0 m  1 7 2 0 3 3 6 m 2 1 7 2 h a 1 2 9 
1 0 0 0 m 31 41 5 9 2 m²  31 4 h a  1 0 3 
1 4 8 0 m 6 8 81 3 4 4 m 2  6 8 8 h a  6 4  

 2 2 3  
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224 

Figure 2: Visualization of the mass centroids of different DBSCAN clusters (clockwise, starting at the bottom left): Each panel 225 

represents a different maximum distance ε (450 m, 740 m, 1000 m, 1480 m) used for clustering, with minPts set to 1 in all cases. 226 

Compare Table 3 for the corresponding number of site clusters (data: Hagmann, 2024; Province of Lower Austria; basemap.at).227 
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228 

Figure 3 Illustration of the results of site clustering using DBSCAN (ε = 740 m; minPts = 1; top right and bottom right) compared 229 

to the data basis consisting of 1184 archaeological features (top left and bottom left). The data basis shows a dispersed landscape 230 

of isolated findspots, such as those around the location of the castellum Arelape/Pöchlarn and its hinterland. In contrast, the 231 

DBSCAN clustering clearly highlights a significant cluster of numerous sites near the castellum Augustianis (Traismauer; bottom 232 

right) and the grouping of scattered sites west of the Traisen River. The center of mass of each site is marked by a red dot, while 233 

the lines indicate the distance between the abstract site center and the actual findspots. The background Voronoi diagrams, with 234 

the sites as centers, demonstrate that point density increases towards the center of the area (data: Hagmann, 2024; Province of 235 

Lower Austria; basemap.at). 236 

2.4 Results 237 

238 

239 

240 

https://doi.org/10.25365/phaidra.536
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3  S e cti o n 2: L e a st c o st a n al y si s ( L C A)  2 41  

3.1  D at a s o u r c e s  2 4 2  

-  I W al k a n A n ci e nt R o a d: A St r ai g htf o r w a r d M et h o d ol o g y f o r A n al y zi n g I nt r a -  a n d I nt e r - r e gi o n al 2 4 3  

C o n n e cti vit y S y st e m s al o n g R o m a n F r o nti e r Z o n e s. O p e n S u p pl e m e nt a r y D at a: 2 4 4  

htt p s:// d oi. o r g/ 1 0. 2 5 3 6 5/ p h ai d r a. 5 3 6    2 4 5  

-  Di git al T e r r ai n M o d el  (1 0 x 1 0 m): htt p s:// w w w. d at a. g v. at/ k at al o g/ d e/ d at a s et/l a n d - n o e - di git al e s -2 46  

h o h e n m o d el - 1 0- m   2 47  

-  W at e r c o u r s e s: htt p s:// d oi. o r g/1 0. 4 8 6 7 7/ c 5 4 9 b 7 0 7 - c 9 a 2 - 4 5 9f - 81 9 e - 2 0 21 a 4 7 5 a 2 5 e   2 4 8  

-  Fl o o d pl ai n s ( a v e r a g e r e c u r r e n c e i nt e r v al of 3 0 0 y e a r s) : 2 49  

htt p s:// w w w. d at a. g v. at/ k at al o g/ d e/ d at a s et/ h o c h w a s s e r a b ffi u s s b e r ei c h e - h w 3 0 0 et c  2 5 0  

3. 2  S oft w a r e u s e d  2 51  

-  Q GI S  3. 3 4. x - P ri z r e n: htt p s:// w w w. q gi s. o r g/   2 5 2  

-  A r c GI S P r o  2. 6. x : htt p s:// w w w. e s ri. c o m/ e n - u s/ a r c gi s/ p r o d u ct s/ a r c gi s - p r o/ o v e r vi e w   2 5 3  

-  Sl o p e t o ol i n Q GI S: htt p s:// git h u b. c o m/ q gi s/ Q GI S -2 5 4  

D o c u m e nt ati o n/ bl o b/ m a st e r/ d o c s/ u s e r _ m a n u al/ p r o c e s si n g _ al g s/ g d al/ r a st e r a n al y si s. r st # sl o p e   2 5 5  

-  B u fi e r t o ol i n Q GI S: htt p s:// git h u b. c o m/ q gi s/ Q GI S -2 56  

D o c u m e nt ati o n/ bl o b/ m a st e r/ d o c s/ u s e r _ m a n u al/ p r o c e s si n g _ al g s/ q gi s/ v e ct o r g e o m et r y. r st # b u fi e r   2 57  

-  L e a st C o st P at h pl u gi n i n Q GI S: htt p s:// git h u b. c o m/ G o o o n g/ L e a st C o st P at h  2 5 8  

-  Li n e D e n sit y t o ol i n Q GI S: htt p s:// git h u b. c o m/ q gi s/ Q GI S -2 59  

D o c u m e nt ati o n/ bl o b/ m a st e r/ d o c s/ u s e r _ m a n u al/ p r o c e s si n g _ al g s/ q gi s/i nt e r p ol ati o n. r st #li n e - d e n sit y   26 0  

-  M o s ai c T o N e w R a st e r ( D at a M a n a g e m e nt)  i n A r c GI S P r o: htt p s:// p r o. a r c gi s. c o m/ e n/ p r o - a p p/ 2. 6/t o ol -261  

r ef e r e n c e/ d at a - m a n a g e m e nt/ m o s ai c - t o- n e w - r a st e r. ht m   26 2  

-  P at h Di st a n c e t o ol  i n A r c GI S P r o: htt p s:// p r o. a r c gi s. c o m/ e n/ p r o - a p p/l at e st/t o ol - r ef e r e n c e/ s p ati al -26 3  

a n al y st/ p at h - di st a n c e. ht m   26 4  

3. 3  D e s c ri pti o n  26 5  

3. 3. 1  L e a st -c o st P at h s ( L C P s) 266  

F o r t h e c al c ul ati o n of i s ot r o pi c  L C P s t h e “L e a st C o st P at h ” pl u gi n i n Q GI S  w a s u s e d . T h e r o ut e - fi n di n g al g o rit h m u s e d 267  

i s t h e Dij k st r a al g o rit h m, d e v el o p e d b y D ut c h c o m p ut e r s ci e nti st E. Dij k st r a i n 1 9 5 9. T hi s " g r e e d y" al g o rit h m s e e k s t o 26 8  

c o n si st e ntl y d et e r mi n e t h e m o st c o st - e fi e cti v e p at h b et w e e n a n o ri gi n p oi nt a n d a t a r g et l o c ati o n o n a s u rf a c e 269  

( Dij k st r a, 1 9 5 9; S u rf a c e- E v a n s & W hit e, 2 01 2, p.  4) . 27 0  

3. 3. 2  C o st S urf a c e 0 1: L e a st -c o st Sit e C at c h m e nt A n al y si s ( L C S C A)  271  

C o st S u rf a c e 01, r o ot e d i n t h e c o n c e pt of Sit e C at c h m e nt A n al y si s ( S C A), i s cl o s el y c o n n e ct e d t o L e a st C o st Sit e 27 2  

C at c h m e nt A n al y s e s ( L C S C A s), w hi c h r e fi n e t r a diti o n al S C A b y i n c o r p o r ati n g l e a st - c o st p at h m o d el s t o m o r e 27 3  

a c c u r at el y a s s e s s t h e a c c e s si bilit y a n d r e s o u r c e - g at h e ri n g p ot e nti al of a r e a s s u r r o u n di n g a sit e.  S C A w a s fi r st 27 4  

f o r m all y i nt r o d u c e d b y C. Vit a- Fi n zi a n d E. Hi g g s i n 1 9 7 0  a n d  e x a mi n e s t h e r el ati o n s hi p b et w e e n a sit e a n d it s 27 5  

s u r r o u n di n g l a n d s c a p e, u si n g GI S - b a s e d m et h o d s a n d wit h o ut r el yi n g o n di r e ct a r c h a e ol o gi c al fi el d w o r k. A sit e 27 6  

c at c h m e nt, o r c at c h m e nt a r e a, r ef e r s t o t h e " r e gi o n a c c e s si bl e f r o m a sit e," a n d i s o fi e n a n al y z e d i n a r c h a e ol o gi c al 277  

st u di e s t o e v al u at e t h e r e s o u r c e s a v ail a bl e i n t h at a r e a. S C A r e m ai n s a " cl a s si c m et h o d" f o r u n d e r st a n di n g h o w 27 8  

i n h a bit a nt s of a r c h a e ol o gi c al sit e s e n g a g e d wit h t h ei r e n vi r o n m e nt. It s p ri m a r y ai m i s t o d e ff n e t h e a r e a u s e d f o r 27 9  

r e s o u r c e g at h e ri n g, t h e r e b y a s s e s si n g t h e m o bilit y a n d e c o n o mi c p ot e nti al a v ail a bl e t o a n ci e nt p o p ul ati o n s . A s 2 8 0  

s h o w n i n F o r m ul a 3 , T o bl e r' s hi ki n g f u n cti o n  (1 9 9 3) w a s u s e d t o c al c ul at e sit e c at c h m e nt s i n t h e c o nt e xt of a n L C S C A, 2 81  

s e r vi n g a s t h e c o st f u n cti o n f o r t h e sl o p e m a p t o a s s e s s t h e t r a v el ti m e c o st s n e e d e d t o t r a v e r s e di st a n c e s wit hi n t h e 2 8 2  

https://doi.org/10.25365/phaidra.536
https://www.data.gv.at/katalog/de/dataset/land-noe-digitales-hohenmodel-10-m
https://www.data.gv.at/katalog/de/dataset/land-noe-digitales-hohenmodel-10-m
https://doi.org/10.48677/c549b707-c9a2-459f-819e-2021a475a25e
https://www.data.gv.at/katalog/de/dataset/hochwasserabflussbereiche-hw300etc
https://www.qgis.org/
https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview
https://github.com/qgis/QGIS-Documentation/blob/master/docs/user_manual/processing_algs/gdal/rasteranalysis.rst#slope
https://github.com/qgis/QGIS-Documentation/blob/master/docs/user_manual/processing_algs/gdal/rasteranalysis.rst#slope
https://github.com/qgis/QGIS-Documentation/blob/master/docs/user_manual/processing_algs/qgis/vectorgeometry.rst#buffer
https://github.com/qgis/QGIS-Documentation/blob/master/docs/user_manual/processing_algs/qgis/vectorgeometry.rst#buffer
https://github.com/Gooong/LeastCostPath
https://github.com/qgis/QGIS-Documentation/blob/master/docs/user_manual/processing_algs/qgis/interpolation.rst#line-density
https://github.com/qgis/QGIS-Documentation/blob/master/docs/user_manual/processing_algs/qgis/interpolation.rst#line-density
https://pro.arcgis.com/en/pro-app/2.6/tool-reference/data-management/mosaic-to-new-raster.htm
https://pro.arcgis.com/en/pro-app/2.6/tool-reference/data-management/mosaic-to-new-raster.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/path-distance.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/path-distance.htm
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A OI  ( B ail e y, 2 0 0 5, p p. 1 7 2 – 1 7 3; B e c k e r et al., 2 01 7, p.  1; C o n oll y & L a k e, 2 0 0 6, p.  21 4; H e r z o g, 2 01 4, p.  2 3 2, 2 0 2 0, p.  3 3 3; 2 8 3  

L e g g, 2 0 0 8; Vit a - Fi n zi et al., 1 9 7 0; W h e atl e y & Gilli n g s, 2 0 0 2, p p.  1 5 9 – 1 6 3) . 2 8 4  

 2 8 5  

ffi = 6 − 3 ,5 ∗ fi fi fi ( fi + 0 ,0 5 )  F o r m ul a 3  

W  = w al ki n g v el o cit y i n k m/ h, S = sl o p e a s t h e m at h e m ati c al g r a di e nt of a li n e ( sl o p e g r a di e nt i n % / 1 0 0).  2 8 6  

F o r L C S C A, t h e " P at h Di st a n c e" t o ol  i n A r c GI S P r o w a s u s e d. A s o utli n e d i n F o r m ul a 3 , t h e w al ki n g v el o cit y i s 2 87  

c al c ul at e d i n k m/ h b a s e d o n t h e sl o p e, w hi c h i s d e fi n e d a s t h e m at h e m ati c al g r a di e nt of a li n e ( sl o p e g r a di e nt i n % 2 8 8  

di vi d e d b y 1 0 0) . A c c o r di n g t o t h e f u n cti o n, a s t h e sl o p e a p p r o a c h e s z e r o, t h e w al ki n g s p e e d i n c r e a s e s, wit h t h e 2 8 9  

m a xi m u m s p e e d of 6 k m/ h b ei n g r e a c h e d o n a sli g htl y d o w n hill sl o p e of a p p r o xi m at el y - 2. 9°  ( G o o d c hil d, 2 0 2 0, p. 5 5 9; 29 0  

H e r z o g, 2 0 1 4, p.  2 3 2) . F o r a fi ui d c al c ul ati o n u si n g T o bl e r' s c o st f u n cti o n i n A r c GI S  P r o , T ri p c e vi c h ( 2 0 0 9) d e v el o p e d 291  

a n a d a pt ati o n of t h e f u n cti o n, ali g ni n g wit h t h e p a r a m et e r s of t h e hi ki n g f u n cti o n t o r e p r e s e nt t r a v el ti m e i n h o u r s 29 2  

p e r m et e r ( h/ m). T hi s a d a pt ati o n, al o n g wit h hi s  d et ail e d m et h o d ol o gi c al d e s c ri pti o n , s e r v e d a s a t e m pl at e f o r t h e 29 3  

c al c ul ati o n s u s e d i n t hi s st u d y . 29 4  

3. 3. 3  C o st S urf a c e  0 2 : H y dr ol o g y a n d sl o p e  29 5  

T o g e n e r at e t h e c o m bi n e d C o st S u rf a c e 0 2, a sl o p e r a st e r d at a s et w a s m e r g e d wit h h y d r ol o gi c al d at a i n Q GI S. T h e 296  

sl o p e r a st e r d at a s et, wit h e a c h pi x el r e p r e s e nti n g t h e sl o p e i n cli n ati o n a n gl e i n d e g r e e s, w a s c r e at e d u si n g t h e " Sl o p e" 297  

t o ol f r o m a 1 0 × 1 0 m r e s ol uti o n di git al t e r r ai n m o d el ( D T M). F o r t h e h y d r ol o gi c al f e at u r e s, a w at e r c o u r s e d at a s et w a s 29 8  

d e v el o p e d t o i n cl u d e m aj o r w at e r c o u r s e s wit hi n t h e A r e a of I nt e r e st ( A OI). T hi s d at a s et i n c o r p o r at e d b ot h a ct u al 299  

ri v e r p at h s a n d p ot e nti al fi o o d z o n e s, u si n g a 3 0 0 - y e a r fi o o d pl ai n d at a s et a n d a p pl yi n g a 5 0 m b u ff e r t o t h e Fl a d nit z, 3 0 0  

M a n k, M el k, a n d Pi el a c h ri v e r s, e x p a n di n g t h ei r wi dt h s t o 1 0 0 m. A si mil a r 5 0 m b u fi e r w a s a p pli e d t o s e cti o n s of t h e 3 01  

E rl a uf Ri v e r t o c o v e r g a p s n ot i n cl u d e d i n t h e ff o o d pl ai n d at a s et. B u ff e ri n g ri v e r s t o d e fi n e g e o m et ri c r e gi o n s at a 3 0 2  

fi x e d di st a n c e i s a c o m m o n GI S t e c h ni q u e, a n d i n t hi s i n st a n c e, Q GI S' s " B u fi e r" t o ol w a s e m pl o y e d  ( C o n oll y & L a k e, 3 0 3  

2 0 0 6, p.  2 0 9; H e r z o g & S c h r ö e r, 2 01 9, p.  11)  . T h e i n di vi d u al w at e r c o u r s e d at a w e r e r a st e ri z e d i n A r c GI S P r o u si n g t h e 3 0 4  

" M o s ai c t o N e w R a st e r" t o ol t o c r e at e a si n gl e w at e r c o u r s e d at a s et wit h a 1 0 × 1 0 m r e s ol uti o n. All r a st e r c ell s 3 0 5  

r e p r e s e nti n g w at e r c o u r s e a r e a s w e r e a s si g n e d t h e v al u e " 5," w hil e c ell s o ut si d e of t h e s e a r e a s w e r e gi v e n a " N O D A T A" 3 06  

v al u e.  T h e c o m bi n e d c o st s u rf a c e, i n c o r p o r ati n g w at e r c o u r s e s a n d sl o p e, w a s i niti all y cl a s si 𝐸 e d wit h v al u e s r a n gi n g 3 07  

f r o m "1" t o "11" b a s e d o n t h e G e r m a n F e d e r al M a p pi n g G ui d eli n e K A 5 ( A d- h o c - A G B o d e n, 2 0 0 5) . (T a bl e 4 ) A f u rt h e r 3 0 8  

r e cl a s si 𝑀 c ati o n w a s p e rf o r m e d, w h e r e t h e v al u e s "1" t o " 8" c o r r e s p o n d e d t o t h e sl o p e g r a di e nt cl a s s e s of K A 5. All 3 09  

v al u e s a b o v e " 8" ( sl o p e s e x c e e di n g 1 5°/ 2 7 %) w e r e u nif o r ml y a s si g n e d t h e v al u e " 5 0."  (T a bl e 5 ) 31 0  

T a bl e 4 : C o m bi n e d c o st s u rf a c e " W at e r c o u r s e s a n d sl o p e g r a di e nt" cl a s sifi e d a c c o r di n g t o K A 5  311  

K A 5: V al u e  K A 5: D e si g n ati o n  C o st s u rf a c e: V al u e ( K A 5)  Sl o p e i n cli n ati o n (° | %)  

1 N ot i n cli n e d  1 < 0, 5 | < 1  
2  N ot t o h a r dl y i n cli n e d  2  0, 5 - 1| 1- 2  
3  V e r y sli g htl y i n cli n e d  3  1- 2 | 2 - 3, 5  
4  Sli g htl y i n cli n e d  4  2 - 3 | 3, 5 - 5  
5  W e a k t o m e di u m - w e a k i n cli n ati o n 5  3 - 5 | 5 - 9  
6  M e di u m i n cli n e d  6  5 - 7 | 9 - 1 2 
7  M e di u m t o st r o n gl y i n cli n e d  7  7 - 1 0 | 1 2- 1 8 
8  St r o n gl y i n cli n e d  8  1 0- 1 5 | 1 8- 2 7  
9  V e r y st r o n gl y i n cli n e d  9  1 5- 2 0 | 2 7 - 3 6  
1 0 st e e p  1 0 2 0 - 3 0 | 3 6 - 5 8  
11 St e e p t o v e r y st e e p  11 > 3 0 | > 5 8  

  31 2  
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Table 5: Reclassified cost raster data set "Watercourses and slope gradient" 313 

KA5: Value KA5: Designation cost surface: Value Slope inclination (° | %) 
1 Not inclined 1 < 0,5 | < 1 

 2 Not to hardly inclined 2 0,5-1| 1-2 
 3 Very slightly inclined 3 1-2 | 2-3,5 
 4 Slightly inclined 4 2-3 | 3,5-5 
 5 Weak to medium-weak inclination 5 3-5 | 5-9 
 6 Medium inclined 6 5-7 |9-12 
 7 Medium to strongly inclined 7 7-10 | 12-18 
 8 Strongly inclined 8 10-15 | 18-27 

> 8 Very steeply inclined/steep to very steep 50 > 15 | > 27 
314 

315 

316 

317 

318 

319 

3.4 Results 320 

321 

322 

323 

https://doi.org/10.25365/phaidra.536
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4 Section 3: Spatial social network analysis (SSNA) 324 

4.1 Data source 325 
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327 
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4.2 Software used 329 
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4.3 Description 335 
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https://download.qgis.org/downloads/
https://github.com/benducke/Network-reconstruction-tools-for-GRASS-GIS
https://github.com/benducke/Network-reconstruction-tools-for-GRASS-GIS
https://gephi.org/
https://gephi.org/plugins/#/plugin/geolayout-plugin
https://doi.org/10.25365/phaidra.536
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5 Section 4: Visibility analysis (VA) 359 
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5.2 Software used 364 
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6 Section 5: Ground truthing 377 

6.1 Data source 378 
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6.3 Software used 393 
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https://geosetter.de/
https://github.com/APTrust/dart
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https://www.mapillary.com/
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