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Exploring visibility networks in Iron Age and Roman Southern Spain
with Exponential Random Graph Models (ERGM)
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1) chctnging interactions between urban settlements,

as reflected ’fhrough patterns of infer—visibili{y.

2) a method for ]oridging static and dynamic spo.tiql

ne’rwork Clppl'OO.Cl’lQS.
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Probable viewshed

Site B

Site B
®

(a) random error in probable viewshed = 5m; (b) observer point site A and target point for
observer site B; (c) hne—of—sighf with probdbilify pa from observer A to target point site B; (d)
observer heigh’[ = 17m; (e) in’rer—visibﬂi’[y network where site A is connected to site B with
probability pa and site B is connected to site A with probability pb.



Exponential Random Graph Models (ERGMs)
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Endogenous hypotheses

(i) communication or signaﬂing --> inter—visi]oility
(ii) visual control --> outgoing lines
(iii) visuqﬂy prominent --> incoming lines

iv) invisible --> isolation

Exogenous hypotheses

(i) Iron Age settlements continuing in occupation
(ii) Roman urban status
(iii) river and road transport network
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ERGMs attributes ERGMs <50RM ERGMS <20k Exponential Random Graph Models
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Global exploratory network analysis

A strong degree of similotri’ry and continuity in
Visibility patterns.

A decrease in the number of arcs and network densi’ry
’[hrough time.

High probqbﬂi{y lines of sigh{ are significqnﬂy more
frequent in [berian and Republican times.
Long—distance lines of sight (especiaﬂy those 1onger
than 50km) become ex’rremely rare in the imperictl
periods.

The proportion of short distance lines of sight (shorter
than 20km) is higher in the Imperial periods.

--> the networks fragment through time, but local

CIU_S'IZQIS become denser.
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Exploratory network analysis

<20km

The l{ey clusters in these networks are areas with a
high density of sites.

quy Visuqﬂy prominent sites that occupy a key
position in the networks are occupied in the Iberian
and Repubhcan periods but cease to be so in the
Imperial periods.

<50km
Lines of sithr with a 1engfh between 20 and 50km

have a significanﬂy different role in structuring the

cultural landscqpe than shorter lines of sigh’r.

Coloniae and municipia are not Visuaﬂy prominent



Exponential Random Graph Models

Random models:

All observed networks are significantly different from
randomly generated networks with the same number
of nodes and arcs.

(50 million random networks generated per observed
network, 1000 samples. Minimum, average and

maximum counts of configurcﬁrions were considered.

Student's T-test p-values all lower than a-level 0.05)

BUT the maximum values of the Late Imperiql period
network limited to 20km was not significanﬂy

different.
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Reciprocity --> inter-visibility
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Many incoming lines: [berian, Republican and

Ec:trly Imperial

Many outgoing lines: Iberian
--> hubs




Q-pcﬁth: [berian
_-> sites that are visuQHy prominent are also

good vantage points

[solates: negative in Iberian, positive in Imperial



ERGMs <50kRm
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ERGMs attributes

Only Equy Imperial networks <20km

All models show many more significanf effects than
without attributes.

> attributes matter

The river or road model does not show any significcmt
attribute effects.
--> transport networks do not explain visibility

networks

The urban status and Iberian origins model has a

positive significc:tnf out-2-star effect. . P




The urban status and Iberian origins model has a

positive significctn’r out-2-star effect. O

> visual control but not as hubs : / Q
@

Both also have a negative and significqn’r Q-poﬁth
effect.
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Conhnuﬂy:
Inter-wisibility is common throughout time, both in
short and long distance networks.

Not random
s eritemn Make assumptions and hypotheses explicit

Tendeney towards hubs Explore their implications
Long dis%cmce lines Stay close to observed data

Later Future work
Tendency towards lower degree hubs Multiple viewer points
et dhslsmee lres L.ongifudinal tlnulysis

ERGMs as a starting point for ABIM:
Attributes?
Transport networks --> NO
Urban status --> YES
Iberian origins --> YES

--> The role of sites c}mnges thwugh time

- ‘v"lsiblhiy patterns and site locations require
different explanations in the Iron age compared to
Roman times



Continuity:
Inter-visibﬂi’ry is common Jrhlrc)l,lghou’r time, both in

short and 1ong distance networks.
Not random

[berian:
Tendency towards hubs

Long distance lines

Later:

Tendency towards lower degree hubs
Short distance lines
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Later:

Tendency J[O'\?VCJ_I’CJS IOWQI’ olegree hU.bS

Short distance lines

Attributes?

Transport networks --> NO
Urban status --> YES
[berian origins --> YES

> The role of sites changes through time
--> Visibility patterns and site locations require

different explcmct’tions in the Iron age compared to

Roman times
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S’rcty close to observed data

Future work:
Mul’tiple viewer points
Longitudinal qnalysis

ERGMs as a starting point for ABMs
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