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file:///Users/martin/dev/gia/lectures/12/gis_in_archaeology13.pdf

Before we start

Some had problems last time with:

e path names containing spaces:
o make sure that while working with SAGA and GRASS that there are no spaces in the
paths to your data
e zipped shapefiles
o this time, everything should be possible without unzipping. But in general, you are
more safe if you unzip the files and import them that way
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What is Visibility Analysis
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determines which areas are visible from
a certain point or - vice versa - from
where a certain point or object can be
seen.

are based on the evaluation of elevation
data in a digital terrain or elevation
model (DEM)

are particularly used in many approval
procedures, for example in the planning
of waste disposal sites, wind farms or
freeway routes

view shading

Application of Visibility Analysis. Source:
https.//www.cloudeo.group/visibility-analysis
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Why Visibility Analysis
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Vision is one of the primary human
senses
therefore visibility is also a relevant
factor in the interpretation of human
behavior
Visibility is
o the basis of fundamental aspects of
perception and orientation
o of major importance to how humans
relate to and interpret the
landscape
People often describe a place based on
the visibility
Visibility analysis is therefore an
important element in the interpretation
of the landscape for understanding past
societies

https.//www.esri.com
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Visibility Analysis in Archaeology
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explores the relationships of visibility
and intervisibility between particular
archaeological locations in the
landscape
can help analyse the spatial distribution
of features in the landscape or help
answer the question why a particular
site was in a particular place
certain sites might have been placed
explicitly with vision in mind:

o monuments

o fortifications and watchtowers

o ritual sites

o hidden sites

some interlinkage between sites may be

made more plausible by intervisibility
o eg. settlements and burial sites
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Example of a binary viewshed analysis. Source: Murphy 2016



Visibility Analysis without GIS

« visibility analysis pre-dates GIS by at
least two decades

» both formal studies (eg. Renfrew 1979)
and anecdotal discussions about visual
impressiveness or placement of
monuments (eg. Devereux 1991)

» without a GIS difficult to produce and
also to reproduce:

o subjectivity of vision
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FiG. 2. Numbers of chambered cairns which are visible from different localities throughout
Rousay (after Renfrew, 1979: fig. 5)

FiGure 1. The relationship of Silbury Hill (depicted in silhouette) with the horizon as viewed from (a)

East Kennet Long Barrow
Barrow - in this in: 3 on

intersects the profile of Silbury Hill between the monument’s summit and ledge. (Depictions derived from
telephotographs. Broken lines indicate foliage. )

w; (b) the Sanctuary
e sk

: (c) Beckhampton Long Barrow, and (d) West Kennet Long
by V mill Hill. It can be seen that

Example of an Visibility Analysis without GIS. Source: Renfrew 1979,

Devereux 1991



Visibility Analysis with GIS
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Since widespread adoption in the 1990s
GIS have increasingly been employed
allow the user to
o map the field-of-view from given
viewpoint
o determine lines of sight between
locations
viewshed has become a routine method
in landscape archaeology
crude in its basic application
o simple binary map of zones in or
out-of-view
finessed through an on-going process
o manipulation of view angles and
parameters
fuzziness
visual acuity
visual prominence
horizon delineation
3D visibility modelling

O O O O O

ED1950 UTM Zone 32N

1:250,000

Viewshed from Lake Neuchatel with megaliths and lakeshore sites.
Source: http.://giannalogy.blogspot.com

b

u

b
UNIVERSITAT
BERN


http://giannalogy.blogspot.com/

Flavours of Visibility Analysis
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Visibility of the landscape from one point
Visibility of a point from the landscape
Intervisibility between two or more
points
Cumulative Viewshed
o viewsheds from multiple points
combined
Total Visibility Index (i.e.: Total
Viewshed)
o viewshed from all points in the
landscape combined
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Visibility is not reciprocal. Source: https://landscapearchaeology.org


https://landscapearchaeology.org/

Prerequisites

Observers point(s)
o Hohenasberg - an Iron Age hill site
Target point(s)
o |ron Age Burial Mounds
o (Hochdorf, Hirschlanden,
Kleinaspergle)
« DEM
o DEM of the region around the
Hohenasberg
a visibility analysis tool

Download all layers and add them to the
map.
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Rutesheim

The working area. Green: Hochdorf. Red: Iron Age Burial Mounds and
Hohenasberg. Background Map Positron by CartoDB.


https://github.com/BernCoDALab/gia/raw/main/lectures/12/data/hohenasberg_epsg_32632.zip
https://github.com/BernCoDALab/gia/raw/main/lectures/12/data/burial_mounds_epsg_32632.zip
https://github.com/BernCoDALab/gia/raw/main/lectures/12/data/aster_dem_32632.tif

u

Install the Plugin e

» Go to 'Extensions > Manage and Install Extensions'
e Search for 'Visibility Analysis'
e Click on Install

Erweiterungen | Alle (611)

Q. visibi a
LoS Tools icihili H -
» Visibility Analysis @&
Nicht installiert % Mapswipe Tool o .
% PO Visibility Networ] Visibility analysis over raster DEM
¥ Aus ZIP installieren X ) - .
4 QWeather Viewshed analysis calculates visible surface from a given

observer point over a digital elevation model.
» Toggle Active Layer Additionally, this plugin can be used for modelling
intervisibilty networks between groups of points. It is
4 Toggle Group Visibilil | particularly performant for multiple viewshed calculations
form a set of fixed points.

# Einstellungen

Projekt Bearbeiten Ansicht Layer Einstellungen QSaWEIGVLEIRY Vektor Raster Datenbank Web Netz
0 [k 14 @ 3 }'P/ 2 ;] - Erweiterungen verwalten und installierep...

B@V. 2 @
-5

Browser

® -
QeY®e Nachrichten

WWWWR 124 Bewertung(en), 89626x heruntergelade

(] Python-Konsole Tags raster, visibility,

viewshed

Weitere Informationen Homepage
Fehlerverfolgung
Coderepositorium v
Al »

Alle aktualisieren Erweiterung installiere'ja

Help Closeh
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Viewshed from the Hohenasberg

Creating Viewpoint

GDAL -

At first, we will calculate the visible area from @
the Hohenasberg. To do so, we have to
specify the observer location.

A

e Open the toolbox ™ Create viewpoints

» Select 'Create viewpoints' from 'Visibility » .
Analysis > Create viewpoints'

» Select 'hohenasberg' as Observer
location =

o Select 'aster_dem' as dem

o Specify 20000 m as radius of analysis Qo)

* you can specify an observer height
different from 1.6 m, but we will not do it

e click on 'Run’

e You get a new layer, 'Output layer'. You :
might like to rename it to 'Viewpoint
Hohenasberg'

¥ aster_dem_32632 [EPSG:32632]
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Viewshed from the Hohenasberg

Calculating Viewshed
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Select 'Viewshed' from 'Visibility
Analysis > Analyse'
Binary Viewshed is selected

o other options are described in the

box to the right

Select the Viewpoint Hohenasberg as
Observer location
Select the aster dem as DEM
You could include the earths curvature
(if you not belief in the flat earth)
Click on Run
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Parameter | Protokoll
Analysis type
Binary viewshed

Observer location(s)

Viewpoint Hohenasberg [EPSG:32632]

Nur gewahl
Digital elevation model
aster_dem_32632 [EPSG:32632]
:Eake in account Earth curvature
Atmoshpheric refraction
0,130000
Combining multiple outputs
Addition

output file

7 6

Viewshed

O

Viewshed

Produces a visibility map where
each observer point on a terrain
model. The output can be:

Binary viewshed: visible/not
visible (1/0).

Depth below horizon: height
that each location should attain
in order to become visible.

Horizon: outer edges of a
viewshed.

Terrain model used should be in
the same projection system as
viewpoints file (preferably the
one used in "Create viewpoints"
routine)

When multiple observer points
are used, individual viewsheds
will be combined according to
the Combinig multiple ouptuts
option

Parameters

Observer locations: viewpoints
created by the "Create
viewpoints" routine.

Digital elevation model: DEM in
the same projection system as
viewpoints file.

For more see help online.
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Viewshed from the Hohenasberg

Calculating Viewshed

e The result is a black and white image
o black: not visible
o white: visible
e You can improve the visualisation with transparency
* You can check if the burial mounds would be visible
o [keep in mind, that we selected heigth of 0, and observer heigth of 1.6]

. T ae
GOHBOBVANSDEE 2

e
*

® Zeten @ @

Left: original result; Right: 33% Opacity.
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Visibility of the burial mounds

Reciprocal Visibility

Line of Sight works in two ways. So what
can be seen by an observer generally can
also see the observer.

But:

The burial mounds are prominent themself.
Their actual height might not be reflected in
the (rather unprecise) DEM.

Also, the person on the Hohenasberg might
be on an elevated position (eg. a rampart).

Lets assume the burial mounds where 6 m
height. Lets repeat the procedure with an
changed observer and target heigth.
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The problem of reciprocity. Source: https://landscapearchaeology.org,
modified.


https://landscapearchaeology.org/

Visibility of the burial mounds e

Creating a new Viewpoint layer
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Select 'Create viewpoints' from 'Visibility

Analysis > Create viewpoints'

Select 'hohenasberg' as Observer
location

Select 'aster dem' as dem

Specify 20000 m as radius of analysis
Select 3.6 m as observer height
Select 6 m as target height

Click on Run

You get a new layer, 'Output layer'. You
might like to rename it to 'Viewpoint
Hohenasberg elevated’

Repeat the viewshed analysis with the
new observer location

b
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Parameter | Protokoll Create viewpoints
Observer location (s) This is the first step for the
hohenasberg_epsg_32632 [EPSG:32632] 1 I N

Digital elevation model
& aster_dem_32632 [EPSG:32632]

Observer ids (leave unchanged to use feature ids) [optional]

" observer height [optional]

Wmeters

efel aximur
ist:
me
_ | | For more see help online
'\ 6loooooo ) al:
for target height, meters [optional]

Output layer

V] Bffne Ausgabedatei nach erfolgreicher Ausfuhrung

0%

Als Batchprozess starten... Close Starte
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Visibility of the burial mounds

* The result is a raster with more white (=visibile area) than before
o Compare with the visible area before
* You can check if the burial mounds would be visible now
o [Kleinaspergle and Hochdorf would be visible, Hirschlanden not]

09033 % matsabr6a0zs |~ | @ vergrssenung 100 Drehung (00 Ve Smscaen @ Koovainate 970795423262 |9 Matisab 172475 - | @ Verrosenung 1006 Drehung (00 Ve Smscaen @

Result of the viewshed analysis from the Hohenasberg. Left: observer 1.6 m to ground; Right: observer 1.6 m to target 6 m.
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What can be seen from the burial mounds

aka Cumulative Viewshed

We can combine multiple observation points

in one analysis to calculate the total area 20
that can be seen by any of the observers, -
rsp. how good an area can be observed by e DI Y ol
any of them. Y g

We will try this out with the burial mounds

(admlttedly’ thls does nOt make SO mUCh Fig. 3. Cumulative viewshed of the Gask Ridge Roman road from the watchtowers.
sense archaeologically, but think of the burial Source: Lewis 2020
mounds as Roman Limes watchtowers)
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What can be seen from the burial mounds

Viewpoints
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Select 'Create viewpoints' from 'Visibility

Analysis > Create viewpoints'

Select 'burial_mounds' as Observer
location

Select 'aster dem' as dem

Specify 20000 m as radius of analysis
Select 6 m as observer height

Select 0 m as target height

Click on Run

You get a new layer, 'Output layer'. You
might like to rename it to 'Viewpoint
Burial Mounds'

Repeat the viewshed analysis with the
new observer location

Parameter

Protokoll

Analysis type
Binary viewshed

Observer lo

Viewpoint Burial Mounds [EPSG:32632]

cation(s)

Digital elevation model

2632 [EPSG:32632]

Combining multiple outputs

Addition

Output file

V| Offne A

usgabedatei nach erfolgreicher Ausf

fuhrun

GDAL

9

0%

‘ Viewshed

e help online
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Visibility of the burial mounds

Result

e The result is a raster, where more white means visible from more locations (up to 2 here).
e You can use pseudocolor and transparency to make the result more appealing.

]
®

yyyyyy

SOHES

® Ja g e ® e [« Koo 2asioss? | & watsan[ 17275 || @ vergotonng 1oom [ oreung [00° % W zsemen Stcann @

Result of the cumulative viewshed analysis from the Burial mounds. Left: original result; Right: styled using pseudocolor and transparency. Red
mean, visible by two mounds.

19/ 28



b

u

b
UNIVERSITAT

Making intervisibility more obvious

aka Intervisibility Network

The last analysis made clear that non of the
burial mounds can see each other. We
already saw that two of them might be visible
from the Hohenasberg. To make this even
more stand out, we can use the Intervisibility
Network tool.

e Select the 'Intervisibility network' tool

o Select 'Viewpoint Burial Mounds' as
observer

o Select 'Viewpoint Hohenasberg' as
target

o Select the aster_dem as DEM

e Click on 'Run’

You need to select Viewpoint Layers as
Observer and Target for this tool!

20/ 28

@

“ Intervisibility network

Parameter | Protokoll ‘ Intervisibility

Observer points network
Viewpoint Burial Mounds [EPSG:32632] @ \J\) -  vector
) nships
of pol r
@ ‘ |
isil

Target points

Viewpoint Hohenasberg [EPSG:32632]
Parameters
Digital elevation model
" aster_dem_32632 [EPSG:32632]
Save negative links

Take in account Earth curvature

Atmoshpheric refraction

0,130000

output layer < help online.

V| ffne Ausgabedatei nach erfolgreicher Ausfahrung
|
|
|
{
|

0%
Help || Als Batchprozess starten... Close Starte




Making intervisibility more obvious

Result

The intervisibility is highlighted by lines connecting the lines of sight. You can make this stick
out more using symbology.

We can also use this tool specifying Observer and Target points the same, calculating
intervisibility within one set of points.
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Visibility Index

aka Total Viewshed

» Essentially a cumulative viewshed for
every pixel

» Used to find very exposed places in the
landscape

e calculation is rather time consuming

: ; S 4
¥y S 0l D - * o ;
¥, W o o Y A= 388 R .

Example of a total viewshed/Visibility index for two river valleys: note
high exposition of valley bottoms. Source:
https://landscapearchaeology.org
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https://landscapearchaeology.org/

Visibility Index

Calculation

23 /28

Select the 'Visibility Index' tool
Select the aster_ dem as DEM
You can specify how far each raster cell
should 'see’
o higher values mean more
calculation time
You can specify observers height
You can specify observation directions
o more means more calculation time,
but more precise results
You can specify if to see (Incoming) or
to be seen (Outgoing)
Click on 'Run'

# Visibility index

Parameter Protokoll
Digital elevation model
¥ aster_dem_32632 [EPSG:32632]

Radius of analysis, meters

ofsgyver height, meters
1,600000
sample

Atmoshpheric refraction
0,130000

Output file

V] Bffne Ausgabedatei nach erfolgreicher Ausfuhrung

Als Batchprozess starten.

Visibility index

0%

0-

* Visibility index
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Calculate the incoming/outgouing

views for all ter

Parameters

rai

Close

tion:
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Result

The result shows prominent locations in the landscape
Note that the Hohenasberg is rather prominent and can be seen from many places.

On the other hand, the burial mounds are not that prominent...

Einragder Legende gelocht Koorcinate 4953295411548 | Matsab 17375 |- | @ Vergaterng 100w |7] Drehung [00° 2 ¥ zechoen @Gz @ |2z . Einragder Legende gelacht Koorcinate 4951545410678 | Matsab 17275~ | @ Vergaterng 100 |7] orehung [00° 2| ¥ zeden @esGazeR @

Results of the Visibility index calculation. Left: original result; Right: restyled using Symbology. More yellow-red means more visible
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Challenges

Visibility analysis is complex. Wheatley and Gillings (2000) classify the issues relating to
visibility analysis into three categories:

e Pragmatic - pragmatic issues are those which apply to both GIS and non-GIS based
visibility studies
o e.g. vegetation, human perception and temporal changes
e Procedural — procedural issues refer to concerns that arise as a product of using GIS for
visibility analysis
o e.g. DEM accuracy and the undifferentiated nature of the viewshed (binary output)

» Theoretical — theoretical issues are those which arise from debates in the humanities (e.g.

geography)
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More on Visibility analysis

Axel Posluschny, Sehen und gesehen
werden — Sichtbarkeitsanalysen als
Werkzeug archaologischer Forschungen. In:
D. Krausse (Hrsg.), Fruhe Zentralisierungs-
und Urbanisierungsprozesse. Zur Genese
und Entwicklung frihkeltischer Furstensitze
und ihres territorialen Umlandes. Forsch. u.
Ber. Vor- u. Fruhgesch. Baden-Wurttemberg
101 (Stuttgart 2008) 367-380, 2008

Free available via academia.edu

Also: https://landscapearchaeology.org of
Zoran Cuckovi¢, the maker of the QGIS
Plugin
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Sehen und gesehen werden

Sichtbarkeitsanalysen als Werkzeug archiologischer Forschungen
7 t=] i‘ t=)

AXEL POSLUSCHNY

Die Untersuchungen des Projekts , Fiirstensitze* &
Unmland' werden im Wesentlichen mit Hilfe geo;
phischer Informationssysteme (GIS) als Arbei
werkzeug durchgefiihrt.* Da Sichtbarkeitsanalysen
einerseits eines der bekanntesten Analyseverfahren
in einem GIS sind, andererseits in der landschaftsar-
chiologischen Forschung in Deutschland bislang
cher selten eingesetzt wurden, sollen im Folgenden
in einem methodisch orientierten Uberblick die
Méglichkeiten und die methodischen Fallstricke auf-

gezeigt werden.’

Die Bedeutung des Schens

Sehen ist einer der primaren Sinne des Menschen, da-
her ist Sichtbarkeit auch ein relevanter Faktor bei der
Interpretation menschlicher Verhaltensweisen. So ist
Sichtbarkeit die Basis grundlegender Wahrneh-
mungs- und Orientierungsaspekte, die einen direk-
ten Bezug zu landschaftsarchiologischen Fragestel-
lungen haben* Neben dem direkten Erkennen und
Auffassen der Umgebung und der Orientierung in
der Landschaft gehdren dazu auch iibergeordnete
Gesichtspunkte wie die Dichotomie von Natur und
Kultur oder das Erkennen von Richtungen, Bewe-
gungen u.d. sowie darauf basierend das Erkennen
von Zeit durch das Erkennen von Verinderungen
(jahreszeitliche Verinderungen in der Natur, tages-
und jahreszeitliche Veranderungen in der Position
der Gestirne usw.).

Grundlagen des Schens

Die menschliche Fahigkeit des Sehens wird von ver-
schiedenen Faktoren beeinflusst. Dazu gehdren die
Sehschirfe, die Auflosungsscharfe, die Erkennungs-
scharfe/*Trennscharfe* und auch Faktoren der Um-
welt wie Licht, die Atmosphire sowie selbstver-
standlich auch Hindernisse wie Vegetation, Bebau-
ung, usw. die die Sicht beeinflussen knnen.®

Dadurch, dass gerade der Faktor Vegetation, d. h. im
Wesentlichen die Bewaldung bzw. Nichtbewaldung,

fiir vorgeschichtliche Zeiten nur in Ausnahmefallen
zu rekonstruieren ist, ergeben sich entscheidende
Einschrinkungen bei der Bewertung von Sichtver-
bindungen. So sind die in den verschiedenen GIS-
Programmen enthaltenen Algorithmen abhingig von
der Gelandehohe, konnen aber Waldflachen nur in-
direkt beriicksichtigen, wenn diese bekannt sind und
deren Hohen zu den Gelandemodellen an den ent-
sprechenden Stellen addiert werden. Das Ergebnis ei-
ner Sichtbarkeitsanalyse sollte also eher die Aussage
sein, unter welchen Bedingungen ein Objekt, ein Ge-
biet oder eine Landschaft theoretisch sichtbar oder
emsehbar ge
dender, ob eine Sichtbarkeit auch bei postulierter
fehlender Bewaldung in keinem Fall moglich war.®

esen sein konnte bzw. noch entschei-

Grundlagen des Erkennens

Neben den erwihnten Grundlagen des Sehens sind —
abhingig vom ,Ziel“ des Sehens - vor allem die Gro-
Re des zu beobachtenden Objekts, der Kontrast des

Gillings 2002, 1
Verfahren innerhalb ei-
glischsprachig,
den Fachliteratur auf
glizismen sind daher

archiologischen Fragestellungen Hod-
1994 licgt cin Schwerpunkt auf Fra-

hrt werd 106 Anm. 77 so-

len kann s. auch Eichfe

tztlich wirkt auch dic Erdkriimmung limiticrond
ichtweite, doch sind solche Uberlegungen cher

eriic]
ktor der Erdkriimmun
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Homework

» Get a DEM of a location of your choice (tip: make it not too big! And have it in projected
coordinate/meter based)

Make a vector point layer with one position in the landscape

Make a viewpoint layer from it

Calculate a viewshed from it

Send me a screenshot of the result
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Any questions?

You might find the course material (including the presentations) at

You can see the rendered presentations at

You can contact me at



https://www.instagram.com/sadtopographies
https://github.com/BernCoDALab/gia
https://berncodalab.github.io/gia
mailto:martin.hinz@unibe.ch

