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to a set of small towns and large villages, it was noticed that the graph development index should depend on: a relative
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Introduction

The beginnings of the discussion concerning
the issues of morphology and physiognomy of
settlements date back to the end of the 19th cen-
tury. The precursor of modern geography of set-
tlements, Otto Schliiter (1899), emphasised the
importance of research on cultural landscape
morphology in human geography. Moreover,
Schliiter postulated that in settlement research it
is vital to analyse: a geographic and topographic
location of settlements, their spatial organisation
(plan) and physiognomy of settlements, which
serve as a base for further analyses of origins
and functions of settlements. Studies which raise
the subject of morphology and physiognomy of
settlements currently belong to one of the most
important ones within settlement geography
(Whitehand 1987, 1992).

] DE GRUYTER
el OPEN

However, the issue of morphology and physi-
ognomy is examined separately with reference to
various types of settlements. In the case of rural
settlements the research concentrates on the issue
of morphology and its relations to the origin of
settlements, wherein the morphology is consid-
ered from the perspective of spatial distribution
of settlements, as well as land layouts within vil-
lages (Lienau 1973; Szulc 1995; Tkocz 1998). In the
case of urban settlements the analysed features
are morphology and physiognomy, considered
as elements which make up for the spatial struc-
ture of a town. Contemporary research concern-
ing the morphology of cities around the world is
based on the methods of analyses of town plans,
also known as conzenian methods (Conzen 1960;
1962; 1968; Whitehand 2001; Koter, Kulesza
2010), or concentrate on application of statisti-
cal methods, as well as sophisticated techniques
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and modelling using a GIS method (e.g. Harris

1985; Levine, Landis 1989; Paez, Scott 2004), an

example of which can be found in “space syntax”

(Hillier, Hanson 1984; Hillier 1996; Ratti 2004).

In the following paper, the analyses of mor-
phology of settlements were conducted using
graph methods, which refer to the research con-
ducted at the University of Wroctaw in the 1960s
and 1970s (Zagozdzon 1970; 1977). The intention
of the author was: (1) to create a quantifiable and
simple measure with considerable analytical pos-
sibilities, which, in a quantitative way, would ex-
press the degree of graph development (its spa-
tial pattern); (2) to verify the proposed index on
the example of settlements encompassing small
towns and big villages located in the south-west
region of Poland. An analytical part of the study
aims at the verification of the following research
hypotheses:

- The morphology of settlements mainly de-
pends on the category of a settlement (urban -
rural), settlement history, its size (population)
and location.

- Urbanisation processes taking place in rural
areas lead to a gradual reshaping of rural to
urban, which is also reflected in the morphol-
ogy of settlements. This applies in particular
to suburban areas, non-agricultural villages
and large villages located far from main ur-
ban centres.

- Within the given types of settlements the
greater morphological diversity is demon-
strated by: (1) units formed in a spontaneous
way rather than by units formed in a planned
manner; (2) settlements undergoing dynamic
changes in recent years rather than by settle-
ments developing in a long-term and evolu-
tionary way; (3) larger rather than by smaller
settlements.

Graph theory in settlement research

Graph theory, considered as a branch of math-
ematics, finds a broad use in geographical scienc-
es, where a research structure plays an impor-
tant role. Mathematical models formulated on
the basis of graph theory make a description of
structure elements possible, as well as the iden-
tification of more complicated relations between
them (Tinkler 1977; Ore 1990; Runge 2006). In

social economic geography graph methods, as

yet, were applied to (Haggett, Chorley 1969;

Harary 1969; Taylor 1974; Tinkler 1977; Hage

1979; Gross, Yellen 1999; Arlinghaus et al. 2002;

Beineke, Wilson 2004; Runge 2006; Jazdzewska

2008; Newman 2010):

- studies of the structure of transport systems
(Kansky 1963; Garrison 1968; James et al. 1970;
Taylor 1975; Ratajczak 1980; Ducruet, Lugo
2013) or street networks (Porta et al. 2006; Xie,
Levinson 2007; 2009; 2011);

- delimitation of nodal regions (Nystuen, Dacey
1968);

- defining relative significance of subspace in
the hierarchical system of geographical space
and creating hierarchies (Doi 1969);

- modeling of processes of innovation diffusion
(Eoboda 1973);

- researching the structure balance in social ge-
ography (Harary 1970);

- historical geography (Jazdzewska 2008);

- settlement geography in researching settle-
ment networks and systems (Haggett 1965;
Zagozdzon 1970; 1977; Golachowski et al.
1974; Miszewska 1976; Moriconi-Ebrard 1993;
Jazdzewska 2008), hierarchical ordering of set-
tlements (Maik, 1977; Jazdzewska, 2008), and
the morphology of settlements (Zagozdzon
1970; 1977; Kriiger 1979; Thomson, Richard-
son 1995; Drobek 1999; Marshall 2004; Sz-
mytkie 2009; Dymitrow 2012).

Zagozdzon (1970; 1977) claims that graph the-
ory in settlement studies may find an application
in the research on the morphological structure of
settlements (both single settlements and settle-
ment networks), as well as in functional analyses;
in both approaches it is possible to conduct statis-
tical and dynamic analyses. Applying the graph
method in the analysis of the distribution of set-
tlements requires certain theoretical assumptions
which result from general graph theory. In ref-
erence to the definition, which treats a graph as
a geometrical figure consisting of nodes and the
edges joining them (Ore 1962). Zagozdzon (1970;
1977) made the following assumptions:

- the shape of a graph depicts the structure
(morphology) of a settlement, understood as
buildings aligned in a specific form along par-
ticular roads and streets;
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- nodes are single housing units occurring as
“points”, as well as ends of parts of streets
(roads) filled with buildings;

- edges are connections between nodes (verti-
ces) of a graph; in such an approach an edge
is a stretch of buildings aligned along a street
which connects the end points (nodes) of a
graph.

Depending on the degree of development of
spatial distribution, a settlement can be a sys-
tem of topographically coupled edges and form
a complicated system. It can also consist of sep-
arate edges, and even separate nodes. When
omitting the simplest forms, e.g. dispersed settle-
ments expressed with null graphs, simple layout
settlements consist of at least two nodes which
are the two ends of a settlement.

The degree of graph cohesion depends on
the number of edges (connections between the
nodes). With an increase in the morphological
complexity of a settlement, the graph structure
becomes more complicated and the rank of par-
ticular nodes grows. The following cases can be
assumed as end points:
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Fig. 1. Graphs identifying morphological layouts of
settlements.
A - a dispersed settlement, single buildings or the small
concentration of buildings (local in character) located in
considerable distance between buildings (a null graph).
B - a typical rural settlement with a simple morphologi-
cal layout (the simplest connected graph).

C - settlements with a complex structure consisting of
two topographically coupled morphological units (a
tree-shaped connected graph).

D - the most complex morphological structure (a cycle
graph).

Source: Zagozdzon 1970.

- anull graph (K ), which consists only of nodes,
and does not include edges;

- acomplete graph (K ), consisting of nodes and
all possible edges between them.

Zagozdzon (1970; 1977) also distinguishes
various forms which can be assumed by graphs
(Fig. 1):

- anull graph - a dispersed settlement;

- a connected graph - the simplest connected
graph consists of a pair of nodes and one con-
nection between them;

- tree-shaped connected graphs - graphs con-
sisting of N vertices, maintaining the condi-
tion that the number of edges equals E=N -1;

- cycle graphs - graphs with closed connec-
tions, where the number of edges is equal or
greater than the number of vertices (E > N);

- tree-shaped graphs - graphs consisting of
nodes and shortest connections between them.
Moreover Zagozdzon (1970) elaborates on the

stages of shaping graph structures (Fig. 2) which

fall into the following order:

1. Creation of new settlement concentrations
as separate units, which in graph theory are
identified as separate (incoherent with the ex-
isting ones) null graphs.

2. Creation of new morphological units neigh-
bouring directly already existing settlements,
which leads to their development and conse-
quently to a complication of their layout. In
such a case, the graph enriches its structure
not only through forming new nodes, but also
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Fig. 2. Shaping stages of a graph structure.
A - single null graphs, formation of new nodes, which
do not create a complete graph yet; in this case a graph
is a set of unstructured nodes (not coupled topographi-
cally).

B - development of a tree-shaped graph; next to existing
parts of a graph new nodes and edges are formed; they
expand the structure of the existing connected graph.
C - further development of the graph structure; the for-
mation of closed connections (cycles) within the graph
structure.

D - complex graphs, and even groups of graphs; higher
ranks of structures are created through external in-
ter-settlement connections (the structure resembles a
stream capture).

Source: Zagozdzon 1970.
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by increasing the number of new edges. As a
consequence, a type of a connected graph - a
tree-shaped graph - is created.

3. Considering spatial consequences, further
growth of development can take a more de-
veloped form which does not result only in
the creation of more tree-shaped branches, but
also in the creation of closed connections (cy-
cles). The creation of cycles is the beginning of
a phase leading to the formation of a complete
graph.

4. Creation of higher-rank systems with stream
captures (inter-settlement connections). It re-
sults in the formation of more complex groups
of graphs with characteristic joints indicating
the connections of subgraphs.

What is more, in the course of complex analy-
sis of settlement network, Zagozdzon (1970) con-
firmed a regularity in interdependence between
a function and its respective population as well
as morphology of the settlement, which, in the
graph theory language, is expressed as follows:

- simple graphs, which display simple mor-
phology, make it possible, without a doubt, to
draw a conclusion about the monofunctional
structure of such a settlement; inhabitants of
such settlements should possess traits charac-
teristic of homogeneous structures;

- complex graphs with closed circuits (cycles)
usually indicate the presence of polyfunction-
al systems; inhabitants of such settlements
possess traits of a heterogeneous structure (di-
verse in the case of professions, social status
and culture);

- graphs with a network structure exhibit a
more advanced urbanisation process (visible
also in a technical and spatial sphere), which
leads to the spatial and functional integration
of particular settlement elements into bigger
structures. The elements of network structures
are usually subgraphs with a big number of
edges and nodes, as well as high measures of
graph development.

Construction of the graph development
index

One of the elements which differentiates set-
tlements is their planning. The majority of towns
are heterogenic in character, which is a result

of their long-lasting development. Because of
that, their spatial pattern changes together with
socio-economic changes. Hence the layouts of
towns are complex in character, where, next to
regular districts, there are still elements planned
chaotically and in a free-standing manner (Maik
1992). According to Koter (1994), small towns
have a complex morphological layout, which is a
collection of diverse units when it comes to their
planning and the character of development (it is
a collection of homogeneous urban settlements).
On the other hand, rural settlements can be char-
acterised by simple planning; morphologically
complex forms are very rare in such types of set-
tlements (Lienau 1973; Szulc 1995; Tkocz 1998).
The settlement network is usually treated as
a physical system of development along roads
(known as settlements) and roads which connect
them (Miszewska 1976). According to Zagozdzon
(1970), particular settlements (as bases for roads)
can be associated with a respectively developed
graph, thanks to which the spatial structure of
settlements can be expressed using formalised
language. In order to study the settlement net-
work using graphs, Zagozdzon (1970; 1977) used
indices for the analysis of the transportation
network introduced by Kansky (1963). Among
various indices used for graph profiles (Tab. 1),
Zagozdzon (1970) used the following two to de-
termine the structure of settlements: the graph
development degree (G,) and beta index f used
by Kansky (1963) (however, he claimed that both

Table 1. Some measures of graph structures.

Non-ratio measures
Cyclomatic number Y =e-vtp
Ratio measures

=)

Alpha o-1)
)
Beta p=%
__ e
Gamma Y 0(02—1)
Measures of individual elements

Degree of connectivity Cax = @
Graph development degree G,= % (1— erfax)

e - number of edges, v - number of nodes, p - number of
isolated subgraphs.

Source: own work based on Kansky (1963) and
Zagozdzon (1977).
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indices aimed at a preliminary and not detailed

analysis of settlements as graph systems).

The graph development index is a quantity
relative to the class of the graph (as measured by
the number of nodes) and it expresses the num-
ber of connections missing to form a complete
graph, per one node. In his works Zagozdzon
(1970; 1977) also postulated a modification of the
aforementioned index - absolute graph develop-
ment index (K ), which expresses an average frac-
tion of lack of connections. f index (Kansky 1963)
expresses the relation between the elements of
the structure and it can assume various values
depending on the graph form:

- in null graphs, despite the number of nodes
-0,

- in partly connected graphs (where separate
nodes also occur as null subgraphs) - between
Oand 1,

- in connected graphs (where the number of
edges equals to E = V - 1) - between 0 and 1,

- in connected graphs with 1 cycle (where E =
V)-1,

- in graphs with more than 1 cycle (E > V) - al-
ways more than 1.

What is more, Zagozdzon (1977: 161-162) be-
lieved that “none of the patterns depicts all of the
features of a graph structure”, hence: “because of
the lack of synthetic measures, a whole series of
‘analytical’ measures can be used; each of them
reacting to slightly different features of a graph”.

In latter publications in which graphs were
applied to analyse the planning of settlements the
formulas postulated by Kansky (1962) were used,
e.g. f measure and cyclomatic number (Drobek
1999). Those measures were used for the analy-
sis of planning of degraded towns in the Silesian
area (SW Poland). In order to conduct a morpho-
logical analysis of settlements forming conglom-
erate towns, Szmytkie (2009) modified the meas-
ure of the graph development degree (1), basing
on formulas presented by Zagozdzon (1977). The
formula was then applied by Dymitrow (2012)
for the analysis of planning of degraded and res-
tituted towns.

Gp=—"5" 1)

where: G - graph development degree, ¢ - num-
ber of edges, v - number of nodes.

The observations made for this research paper
demonstrated that the graph development index
in the aforementioned form is too dependent
on the graph class expressed by the number of
nodes and edges, as a result, it depicts the rel-
ative degree of complexity of its structure only
in an indirect way. That is why a new, synthetic
measure depicting the degree of graph develop-
ment, independently of the size of a settlement,
was needed. In order to construct the index, the
following indices were used: f index postulated
by Kansky (1962), some of the assumptions made
by Zagozdzon (1970; 1977), as well as some prop-
erties of morphological systems typical of towns
and villages (Koter 1994; Szulc 1995; Tkocz 1998).

The following solutions were assumed:

- a graph shape - a settlement structure (build-
ings arranged in certain forms along streets),

- nodes - single buildings or vertices of sections
of streets lined up with buildings,

- edges - sections between the graph nodes

(blocks of buildings along streets),

- cycles - closed connections (urban blocks),
- node rank - the number of edges coming out
of a node (from 0 in the case of isolated nodes

- single developments).

When analysing examples of graphs assigned
to a set encompassing small towns and big villag-
es in the south-west region of Poland (Szmytkie
2014), it was noticed that the index showing the
degree of graph development should depend on

(Fig. 3):
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Fig. 3. Graphs differing in the number of cycles (A) or
in an average rank of nodes (B).
V - number of nodes, E - number of edges, C - number
of cycles, R - average rank of nodes.
Source: own work.
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Fig. 4. Incidence matrix (connections between nodes) for a graph example.
Source: own work.

- a relative number of edges in relation to the
number of nodes (f index),

- the number of cycles (urban blocks), which ev-
idences the complexity of the spatial pattern
of settlement, and, at the same time, is a typ-
ical element in shaping the urban landscape,

- an average rank of nodes of a graph, which
expresses the degree of complexity of a street
network (the rank of nodes should be deter-
mined on the basis of an incidence matrix -
Fig. 4) (Tinkler 1977).

In relation to the above-mentioned assump-
tions, the formula for the degree of graph devel-

opment took the following shape (2):

GD 21561 iy € +02C (2)
2
Zr
where: 2e - graph development index, e -

number of edges, v - number of nodes, ¢ - num-
ber of cycles, - index expressing the average rank
of nodes in a graph.

The graph development index (G,) assumes
values ranging from 0 to «, however it is ex-
tremely rare for it to exceed the value of 4, which
results from its construction. The index repre-
senting an average rank of nodes in a graph takes
the minimum value 1, in the case when the rank
of all nodes in a graph is equal to 1, while the
second part of the formula assumes values sim-
ilar to f index (however those values are over-
calculated by the presence of cycles). The value
of the index expresses the degree of complexity
of the spatial pattern of settlement, and, in an in-
direct way, also its cohesion (as the value of the
index is reduced if there are null subgraphs with-
in the graph). High values of the index occur in

settlements with complex plans and with a big
number of cycles; low values are noted in sim-
ple units or in settlements with incoherent spatial
patterns (dispersed settlements).

To create graphs for the researched settle-
ments, the author used topographic maps in the
scale of 1:25000, which were updated on the ba-
sis of digital maps available on geoportal.gov.pl.
The graphs were created in Corel Draw X3.

Characteristics of the researched
settlements

To verify the postulated graph development
index, the analysis of morphology of the case
study of settlements was performed. Due to the
intention to interpret the obtained data, it was
assumed that settlements included in the anal-
ysis should display diverse morphogenesis and
have an administrative status; they should also
fit in the scope of the urban-rural continuum of
a particular region. At the same time it was as-
sumed that the researched area should possess
diverse environmental and socio-economic de-
terminants for the settlement network. Referring
to the above-mentioned assumptions, the author
conducted an analysis in the case of settlements
encompassing small towns (up to 6,000 inhabit-
ants) and big villages (above 1,000 inhabitants)
located in the south-west region of Poland, which
include Lower Silesia and Opole Provinces
(voivodeships). In this area there are diverse nat-
ural conditions (especially the terrain and land
structure) as well as a complex socio-economic
situation.

According to the data from 2002, in the south-
west region of Poland there were 286 settlements



APPLICATION OF GRAPH THEORY TO THE MORPHOLOGICAL ANALYSIS OF SETTLEMENTS 71
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Fig. 5. Distribution and population (2002) of small towns and big villages in the south-west region of Poland.
Source: own work.

with the population ranging between 1,000 and

6,000 inhabitants, including 45 towns and 241

villages. The settlements included in the analy-

sis are distributed unevenly (Fig. 5), both in the
scale of the whole region and particular units of
the administrative division (voivodeships and
poviats). In Lower Silesia there are 171 settle-
ments (33 towns and 138 villages), while in Opole

Province there are 115 settlements (12 towns and

103 villages).

The analysed set of settlements, despite a sim-
ilar number of inhabitants and functions in the
settlement system, is not homogeneous. That is
why, in order to emphasise the main factors in-
fluencing the morphological diversity, the ana-
lysed dwellings were divided into a dozen types
according to specific features. In the typology as-
sumed for this research paper the following crite-
ria were taken into account:

- formal administrative status in 2014 (division
of settlements into towns and villages);

- population in 2002 (on the basis of which
several size types of settlements were distin-
guished, different for towns and villages);

- changes in population between the years
1988-2009 (the analysis of this factor led to the
distinguishing of settlements with a consider-

able increase in population - it was assumed
that a significant increase must amount mini-
mally to 20% in relation to the year 1988);

- location as opposed to the types of physical
and geographical regions (division of rural
settlements into mountain and lowland vil-
lages);

- location of villages in relation to the main cit-
ies of the region (distinction of villages located
in suburban areas of main urban centres);

- the settlement past, including the period of
exercising town status in the case of currently
existing towns (as a result of the analysis, we
were able to distinguish historical towns with
long traditions and new towns, which were
granted town privileges after 1945), while
in the case of villages, having the status of a
town or a settlement in the past (thanks to
which it was possible to distinguish degrad-
ed towns and former urban settlements), as
well as settlements associated with the Soviet
Army since 1993 (which made it possible to
distinguish former military settlements).
Based on the aforementioned criteria, 22 types

of settlements were distinguished (Table 2, Fig. 6).
The main criterion of the division in the

case of towns was the year they were formally
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Table 2. Typology of small towns and big villages in the south-west region of Poland.

Code Type of settlements Population [thous] Number of settlements
HT2 Historical towns 3.25-6.0 16
HT1 Historical towns 1.6-3.25 17
NT New towns 3.0-6.0 14
DT Degraded towns 1.0-2.5 12
Us Former urban settlements 1.5-5.0 6
MS Former military settlements 1.0-2.0 3
LV8 Lowland villages 3.5-5.0 4
Lv7 Lowland villages 2.5-3.5 7
LV6 Lowland villages 2.0-2.5 9
LV5 Lowland villages 1.6-2.0 14
LV4 Lowland villages 1.4-1.6 21
LV3 Lowland villages 1.25-1.4 22
LV2 Lowland villages 1.1-1.25 20
LV1 Lowland villages 1.0-1.1 20
MV6 Mountain villages 2.0-35 8
MV5 Mountain villages 1.6-2.0 10
MV4 Mountain villages 1.4-1.6 11
MV3 Mountain villages 1.25-1.4 10

Source: own work.

granted the town status (and in the case of plac-
es where town privileges were reinstated during
the postwar period, the year a town was first es-
tablished). The age criterion is also reflected in
the morphology of towns, that is why a conclu-
sion may be drawn that both distinguished types

(historical and new towns) considerably differ as
to determining morphogenetic features for each
type. Historical towns in the south-west region of
Poland were established mainly during the medi-
eval period (Krzysztofik 2007), that is why their
layouts display features characteristic of that

B HT2 eLvs Sv2
m HT1 o L7 Svi1

°LV6 ® MV6
SONT o LV5 ° MV5
x DT o LV4 o MV4

e LV3 ° MV3
=S o LV2 o MV2
* MS o LV1 © MV1

Fig. 6. Types of small towns and big villages in the south-west region of Poland.
Source: own work. Explanations of types in Table 2.



APPLICATION OF GRAPH THEORY TO THE MORPHOLOGICAL ANALYSIS OF SETTLEMENTS 73

period: regular planning with a market square
and a chessboard layout of streets, the major part
encompassed by multi-storey tenement houses
(Eysymontt 2009; Stodczyk 2012). New towns
were established as a result of granting town
privileges to former villages, that is why those
settlements maintained the rural development
and layout. However, the postwar period was
the time of many changes in those settlements,
also morphological ones. As a result, their lay-
out obtained urban features (with a complicated
spatial pattern and multi-family housing estates).
Because of the substantially larger population
size, historical towns were additionally divided
into two size categories, thanks to which it was
possible to measure the degree to which the town
size influences its morphology.

Among all rural settlements, the author distin-
guished units which stood out among typical vil-
lages because of their settlement history, which,
in turn, influenced their morphology. Despite the
size of current population, the following settle-
ments were assigned to separate categories: de-
graded towns (settlements which used to have
the town status, but lost it in the 18th and 20th
century), former urban settlements (which were
never granted the formal town status) and former
military settlements, which, in the postwar period
(until 1993), were settled by Soviet Army troops.

Degraded towns, as a result of their settlement
past (possession of the town status for a long pe-
riod of time) and keeping their spatial structures
after the loss of town privileges, possess layouts
typical of towns, hence, in a morphological sense,
they resemble towns more than villages (Drobek
1999; Dymitrow 2013). Former urban settlements,
in spite of the fact that they were never granted
the town status, were assigned to a different cat-
egory, as their compact design, which was urban
in character, was one of the main criteria applied
for their distinction. A separate category was cre-
ated for former military settlements where Soviet
Army troops were based until 1993. The distinc-
tion of the aforementioned category resulted
mainly from the character of those settlements,
which, in the period of Soviet Army quartering,
served as towns with complex spatial planning
and multi-family housing estates, mainly with
multi-dwelling units typical of towns.

The remaining rural settlements in the south-
west region of Poland were divided on the basis

of three basic factors: location, the population
size and the dynamics of population changes.
Firstly, villages were divided according to their
location in reference to the two types of landform
into: mountain villages (located in the Sudety
Mountains and the Sudety Foothills) and low-
land villages (located in the Silesian Lowlands).
The aforementioned criterion was applied be-
cause the settlements displayed various shapes
(spatial patterns) in particular types of geograph-
ical regions (Szulc 1995). In the Sudety Mountains
and the Sudety Foothills the dominant type of
villages is double-row (Waldhufen) and, rarely,
cluster villages and street villages, while in the
lowland part of Silesia there are mainly street
villages, cluster villages, oval green villages and
street-green villages. Suburban villages were cat-
egorised as separate, as they undergo intensive
suburbanisation processes, because of their prox-
imity to main urban centres, also in the scope of
morphology; as a result they became more simi-
lar to nearby housing estates (inner suburbs).

In the second stage, because of substantial dif-
ferences in sizes within each type, villages from
the three established types (lowland, mountain
and suburban), were divided into classes accord-
ing to the population size (8 size classes in the
case of lowland villages, 6 classes in the case of
mountain villages and 2 classes in the case of
suburban villages). The division of rural settle-
ments based on their population size assumes a
graduate change in the morphology of a settle-
ment together with an increase in the number of
inhabitants, which results from the premises of
the concept of the rural-urban continuum (Cloke
1977; Kirk 1980), and the statistical criterion com-
monly applied in the process of a town assign-
ment. The notion of town requires a certain pop-
ulation minimum, which results from the urban
character of a settlement after exceeding the cer-
tain population size (Maik 1992).

Graph development index in small
towns and big villages

Small towns and big villages in the south-
west region of Poland exhibit diverse planning,
which results from the diversity of their spatial
patterns. It is visible in the value of the graph de-
velopment index (G,). The average value of the
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Table 3. Small towns and big villages in the south-west region of Poland with the highest and the lowest values

of graph development index (G,,).

Rank Name of settlement Type of settlement Graph development index value
1 Lewin Brzeski HT2 3.795
2 Pierisk NT 3.737
3 Otmuchéw HT2 3.678
4 Wegliniec NT 3.636
5 Byczyna HT2 3.585

282 Ciechanowice DT 0.703
283 Milikow MV2 0.700
284 Brynica LV3 0.694
285 Scinawka Dolna MV2 0.645
286 Gluszyca Gérna MV2 0.547

Source: own work.

index in the analysed set of settlements amounts
to 1.874, with the standard deviation amounting
to 0.667 and the coefficient of variation on the
level of 0.36. Moreover, the conducted analysis
indicated that the towns (2.545) and settlements
with the urban or quasi-urban past (2.207) display
considerably higher values of the graph develop-
ment index than the remaining rural settlements
(1.700) (Table 3).

Among the distinguished types of settle-
ments, the ones with the highest values of the
graph development index are HT2 historical
towns (2.762) (Table 4). HT1 historical towns are
different types of settlements with a similar lev-
el of complexity of a spatial pattern (2.508). Low
values of the coefficient of variation in both types

are the evidence of a morphological similarity of
settlements, despite their various sizes (Fig. 7).
This results mainly from the urban patterns in-
troduced there in the Middle Ages. Towns estab-
lished at that time displayed a chessboard layout
of streets, with separated urban blocks filled in
with compact built-up areas, hence a high num-
ber of cycles and a high ratio value of the num-
ber of edges and nodes. Towns with a compact
construction demonstrate high values in both
groups, while towns with inconsistent spatial
structures exhibit lower values, especially those
whose development was a result of incorpora-
tion of neighbouring rural settlements. Another
factor which influenced the morphology of small
towns was also topography, which can lead to a

Table 4. Graph development index (G,) in small towns and big villages in the south-west region of Poland.

Code Type of settlements Population [ths] | Number of settlements Avera;;;i};?uie‘éiggziiﬁ lonfd\;e:riation
HT2 Historical towns 3.25-6.0 16 2.762 0.23
HT1 Historical towns 1.6-3.25 17 2.508 0.18
NT New towns 3.0-6.0 14 2.307 0.37
DT Degraded towns 1.0-2.5 12 2.218 0.32
US | Former urban settlements 1.5-5.0 6 2.160 0.15
MS |Former military settlements 1.0-2.0 3 2.250 0.39
LV8 Lowland villages 3.5-5.0 4 2.690 0.23
LV7 Lowland villages 2.5-3.5 7 2123 0.20
LV6 Lowland villages 2.0-2.5 9 1.667 0.30
LV5 Lowland villages 1.6-2.0 14 1.895 0.31
Lv4 Lowland villages 14-1.6 21 1.831 0.26
LV3 Lowland villages 1.25-14 22 1.695 0.28
LVv2 Lowland villages 1.1-1.25 20 1.529 0.24
LV1 Lowland villages 1.0-1.1 20 1.619 0.29
MV6 Mountain villages 2.0-3.5 8 1.407 0.33
MV5 Mountain villages 1.6-2.0 10 1.555 0.36
MV4 Mountain villages 1.4-1.6 11 1.404 0.30
MV3 Mountain villages 1.25-14 10 1.489 0.22

Source: own work.
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Fig. 7. Graphs depicting the morphology of historical
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Source: own work.
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Fig. 8. Graphs depicting the morphology of new
towns (NT).
Source: own work.
reduction in the spatial coherence of a settlement
as a result of the necessity of fitting its spatial pat-
tern to the local topography.

Postwar towns (NT) exhibit a considerably
lower value of the graph development index than
historical towns of a similar size (2.307). This is
due to the fact that the group also included the
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Fig. 9. Graphs depicting the morphology of former
urban settlements (US).
Source: own work.
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Fig. 10. Graphs depicting the morphology of

degraded towns (DT).
Source: own work.

towns withnot very coherent spatial patterns (Fig.
8), the development of which during the postwar
period proceeded as a result of incorporation of
neighbouring rural settlements. However, some
small towns in the region, which were granted
the town status after 1945, exhibit coherent spa-
tial structures, which results in a substantially
high value of the coefficient of variation within
this group (0.37). It affects particularly industrial
centres and transport hubs located in the lowland
part of Silesia. A lower value of the index may
also result from the origin of a particular settle-
ment in the group that developed quickly from
the units displaying a typical rural layout. This
assumption is also confirmed by a relatively low
average value of the graph development index in
the case of former urban settlements (US) (2.160),
which display similar morphogenesis. The ma-
jority of settlements in this group kept a layout
typical of rural settlements (Fig. 9).

Degraded towns (DT) display a considerably
high average value of the graph development
index (2.218). Nevertheless, they are diverse in
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Fig. 11. Graphs depicting the morphology of former
military settlements (DT).
Source: own work.
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their morphology (Fig. 10), which is reflected in a
considerably high value of the coefficient of var-
iation (0.32). This, in turn, results from different
degrees of maintaining their urban character. In
this group there are settlements with typical town
planning, as well as settlements with strongly
degraded urban arrangements, and even inco-
herent and unreadable spatial structures. A wide
diversity concerning the value of the graph de-
velopment index is also visible in former military
settlements (Fig. 11).

Among the remaining types of rural settle-
ments, big lowland villages (LV7-LV8) and sub-
urban villages (SV1-5V2) displayed high average
values of the graph development index. In the
case of suburban villages (Fig. 12) the aforemen-
tioned result stems from morphological changes
in villages influenced by heavy construction traf-
fic in the areas surrounding big cities. As a result,
in suburban areas, morphological units typical
of towns appeared (detached houses, terraced
houses and multi-family housing estates), which
led to an increase in the complexity of spatial
structures of those settlements. Therefore, it can
be stated that the the suburbanisation process is
manifested by the progression of morphological
similarity of suburban settlements to towns, un-
derstood as neighbouring, outlying housing de-
velopments with housing functions.

High average values of the graph develop-
ment index in the case of lowland villages apply
only to the biggest settlements (above 2,500 in-
habitants), which is a sign of assuming an urban
character by a settlement once it exceeds a certain
population number. Big villages located in the
lowland part of the south-west region of Poland
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A Smolec . % .
: , F %
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Fig. 12. Graphs depicting the morphology of
suburban villages (SV).
Source: own work.
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Fig. 13. Graphs depicting the morphology of lowland
villages with the population below 2,500 inhabitants
(LV7-LV8).

Source: own work.

display complex, multiway planning (Fig. 13); as
a result, they become similar to towns in the mor-
phological aspect. The remaining size categories
of lowland villages (LV1-LV6) present consid-
erably lower average values of the graph devel-
opment index; however, the set is significantly
diverse. When analysing the distribution of the
index values it is visible that the degree of spatial
pattern development depends on the morpholog-
ical type of a settlement (Fig. 14). High values of
the graph development index in the case of low-
land villages are assumed, in particular, by clus-
ter villages, oval green villages and street-green
villages, whose graphs include a high number of
cycles; lower values are acquired by street villag-
es with simple spatial patterns; the lowest values
are assumed by villages with incoherent spatial
patterns, which often include hamlets (this refers
in particular to settlements located near dense

NMI

Ir =

/ Walce

tosiow

Fig. 14. Graphs depicting the morphology of lowland
villages with the population ranging from 1,000 to
2,500 inhabitants (LV1-LV6).

Source: own work.
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Fig. 15. Graphs depicting the morphology of
mountain villages (MV1-MV6).
Source: own work.
forest complexes, on weak, sandy soil, which hin-
ders the development of farming).

Other rural settlements which obtained low
values of the graph development index are moun-
tain villages (MV1-MV6), in spite of their size
category (average value of the index in this case
amounted to 1.410; moreover, only in few villag-
es G, exceeded the value of 2.0). It results from
the morphological types predominant in this
part of the region and the necessity of adjusting
spatial patterns to the local topography (Fig. 15).
Among mountain villages, relatively high values
of the graph development index were obtained
by villages with a multiway spatial layout and
double-row villages with a dense development.
Low values of the analysed parameter were no-
ticed in particular in double-row villages with a
spread spatial pattern, located especially in the
upper parts of valleys, with numerous hamlets
and scattered development (in this case the size

o) .
_§ 15 4 Hon 2= =
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Fig. 16. Population and graph development index
value for small towns and big villages in the south-
west region of Poland.

Source: own work.

of a settlement does not significantly influence its
morphology).

The analysis of the values of the graph devel-
opment index in relation to the particular types
of small towns and big villages in the south-west
region of Poland demonstrated a dependency of
the researched parameter, not only on the mor-
phogenesis of a settlement or its geographical
(and even topographical) location, but also on the
size of a settlement expressed by its population
size (Fig. 16). The correlation coefficient between
the value of the graph development index and
the population size equals 0.47, which proves a
rather strong dependence, however its value is
substantially lowered by mountain villages, in
which case the degree of the graph development
index does not depend on the size of a settlement
(a product-moment correlation coefficient for
mountain villages amounts to 0.04).

Summary and discussion

According to the author, the graph devel-
opment index presented in this paper serves to
determine the degree of spatial pattern develop-
ment. Referring to Zagozdzon (1977), it can be
also assumed that it is the first synthetic index,
which depicts several features defining the graph
structure (i.e. the number of edges in relation to
the number of nodes, the number of cycles, ranks
of nodes in a graph and the number of isolated
subgraphs), despite the graph size. As a result,
it can be useful in an analysis of settlement plan-
ning in different types of analyses (static, dynam-
ic and comparative). The graph development in-
dex can be applied not only in geographical and
settlement research, but also as one of the auxil-
iary criteria in a formal administrative procedure
of granting town status in Poland or in other
countries.

The importance of the proposed graph de-
velopment index is underlined by the analyti-
cal conclusions of the study. The analysis of the
morphology of small towns and large villages in
the south-west region of Poland made the veri-
fication of the examined research hypotheses
possible:

1. Studies have confirmed that the morphology

of settlements depends on the category of a

settlement, settlement history, its size (pop-
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ulation) and location. The following remarks
have been made:

small towns and settlements with the urban
past (degraded towns, former urban settle-
ments) have more complex layouts, which is
expressed by higher values of the graph de-
velopment index;

historical towns with long urban traditions
have developed a specific type of a landscape,
which manifests itself in their complex spatial
pattern, compact development and a consid-
erable share of multi-family housing;

former urban settlements, in the morpholog-
ical aspect, are similar to new towns (in the
post-war period they were subject to similar
processes), whereas degraded towns are simi-
lar to historical towns (the morphological dif-
ferences among degraded towns derive from
different levels of the preservation of urban
features);

a geographic location affects more the mor-
phology of rural settlements, whereas the ur-
ban morphology, especially the morphology
of historical towns, is less dependent on nat-
ural conditions.

. Urbanisation processes taking place in rural
areas lead to a gradual transformation from
rural to urban, which is also reflected in the
morphology of settlements. This applies in
particular to large villages located far from
main urban centres and suburban settlements,
which became similar to the neighbouring
and outlying housing developments.

. Within given types of settlements the greater
morphological diversity is demonstrated by:
units formed in a spontaneous way rather
than by units formed in a planned manner
(e.g. new towns, which developed in the post-
war period as a result of the transformation
of rural settlements under the influence of in-
dustry or specialised service activities), which
are more diversified than historical towns of
similar size;

settlements undergoing dynamic changes in
recent years rather than by settlements devel-
oping in a long-term and evolutionary way
(admittedly, the dynamic development of the
construction activity in suburban areas con-
tributed to a certain morphological unification
of settlements, which is caused by the spread
of uniform urban patterns);

- larger settlements rather than by smaller ones,
which is indicated by the correlation coeffi-
cient between the population and the coef-
ficient of variation, as well as an increase in
the morphological differences between some
types of settlements connected with the pop-
ulation growth.
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