Moravian geographical Reports

MORAVIAN
GEOGRAPHICAL REPORTS
Fig. 3. Members of the International Advisory Board of the
MGR journal in front of the Institute of Geonics

Fig. 4. The Löw-Beer Villa in Brno, a place of the award
ceremony

Fig. 5. Professor Eva Zažímalová, president of the Czech
Academy of Sciences, presents Professor Bryn Greer-Wootten
with the honorary medal

Fig. 6. Professor Bryn Greer-Wootten has his speech during
the award ceremony

2021, 29(4):
2021,
292–305
29(4)

MORAVIAN GEOGRAPHICAL REPORTS
The Czech Academy of Sciences, Institute of Geonics
journal homepage: http://www.geonika.cz/mgr.html
doi: https://doi.org/10.2478/mgr-2021-0021

Illustrations related to the paper by R. Blaheta et al. (photo: T. Krejčí, E. Nováková (2×), Z. Říha)

Barriers everyone: A new method for multiscale analysis
of barriers using the Barrier Index
Domen KUŠAR a *, Blaž KOMAC b
Abstract
The Barrier Index is presented in this contribution. The index shows the extent to which spatial units of
different sizes are closed off by barriers, influencing society by the different “thickness” and “thinness” of
boundaries. The article defines the Index and compares land units with barriers in various details. The
calculations were made for spatial units from the scale of parcels to one-hectare areas in selected types of
regions, selected geographic regions, and border barriers in selected countries. The Index is useful for crossscale analysis and for identifying the underlying causes and relationships within different cultural, social,
and geographical contexts. The example of spatially persistent family structures was used to highlight the
underpinning influencing factors that connect the building of barriers at different scales.
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1. Introduction
A novel index that defines barriers as a spatial structure
is proposed in this article. The term "barrier" is used in the
sense of an umbrella term that refers to various physical
barriers, such as fences and walls, security barriers,
fortifications, and even virtual walls. It also refers to natural
barriers. The novelty of this study is that it allows comparing
barriers at different spatial scales and barriers in one place
throughout history. In this way, the article contributes to
a better understanding of the modern world, where barriers
are increasing at all levels, especially at the level of countries
that erect border barriers.
Barriers define the property of a place which is expressed
as territoriality. Territoriality can be examined at different
spatial scales: from primary (people’s homes and places not
accessible to others) to secondary (clubs and bars), to public
(parks and streets), and to the national (country) level. The
design of places is within the domain of architecture, whose
criteria of strength, functionality, and beauty have been
known since Antiquity (Vitruvius, 2009). However, a conflict
arises in this regard: the more safety and privacy a specific
place offers, the lower is its mobility. This separation is
reflected in Robert Frost's poem, Mending Wall: “Good
a

fences make good neighbours”. At the local scale, the
territory is defined as exclusive ownership of a portion of the
earth’s known surface, controlled by visually or physically
permeable technical elements, such as walls and fences.
This simple definition has evolved to bring a more complex
understanding (Elden, 2013), including local and regional
effects, and sovereignty as a legitimacy of social groups to
exercise their power over territory (Domínguez-Mujica, DíazHernandez and Parreno-Castellano, 2016) and “to determine
who belongs where and who is and who is not a member of
the group” (Warf, 2010, p. 292). Introducing border barriers
has long-term effects on society (Repe, 2018) – the border
effect can be observed (Minondo, 2007).
The article addresses a research gap in the analysis of
bordering at different spatial scales. We propose a method
to analyse the relationships and possible differences
between territories based on barriers at their borders. The
analysis was done at the level of regions, countries, and
cities (Jirón, 2010), as well as at lower spatial levels, such as
parcels of land, typical examples of territories with defined
ownership (Komac and Kušar, 2017; Revzina, 2018).
The main objective of the article is to define the Barrier
Index and its subtypes, and to present its use in enclosed
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areas of different sizes and types, from the level of parcel to
the level of regions. In the Results section, a detailed analysis
of the Barrier Index is carried out at the county level, for
which comparable data are available. The new index allows
physical barriers to be defined regardless of their relative
size. Thus, we can present the underlying geographical
processes, so that in the Discussion section we relate the
barriers to some fairly stable social structures and propose
some policy implications.

2. Theoretical background
The topic discussed here is clearly multidisciplinary as
boundaries depend on a combined understanding of human
relations, history, culture, economy, perceptions, stereotypes,
ethics, symbols, and constructions (Pounds, 1972; Donnan
and Wilson, 1999; Newman, 2003; Vallet, 2018). They are
“real or understood, visible or invisible (Jones, 2012), natural
or artificial, of legal or of no legal significance” (Clark, 1998,
p. 50). Barriers are built at the borders to separate the
interior from the exterior, the public from the private, the
private from the private, and the private from the feudal,
state-owned, and common (Petek and Urbanc, 2007).
Providing privacy is a dynamic process, in which individuals
or groups are controlled (Altman, 1977). Most of the research
on the topic has been done at the level of countries.
As spatial border markers, barriers have accompanied
the built environment since prehistory. The Bible describes
how it is good for a vineyard to have “a wall to the right
and a wall to the left” (Sir 36: 25; Num 22: 24). The
nearly 10,000 km long discontinuous Great Wall of China
was built through centuries after the 7th century BC to
prevent incursions of nomadic peoples from the Eurasian
steppes, similar to the Japanese 20 km long Genkö Börui
from the 13th century. The Romans built several limites
along their borders in the 2nd century, while the Danish
King Gudfred wall was built in the 7th century. Although
the idea of un-crossable lines disappeared with Ancient
Rome, the barriers still enforce and justify the system of
territorial borders (Vallet and David, 2012).
Nijkamp and Rietveld (1989) provided the first
classification of barriers, dividing them into natural and
manmade. An example of the former are mountainous
areas, lakes, rivers, swamps (Alm and Burkhart, 2013), and
seas, such as the Mediterranean (Locchi, 2016). In the early
phases of territorialisation, physical delimitations became
part of the cultural and political landscape, as shown by the
following statement by Herder on the foundation of the US
and Canada: “Nature separated nations by mountains, seas,
rivers, and deserts” (cf. Pounds, 1972, p. 61).
At first, borders marked the territory of a specific
people and, later the nation, and were ultimately defined
as a feature of state territory. Before the development of
nation-states, territories such as those in feudal Europe
were delimited by fluid barriers, and by dynamic frontiers
(Brown, 2010). From the Peace of Westphalia (1648) to
the twentieth century, borders were conceived as linear
landscape elements (Pounds, 1972). State borders evolved
as lines of demarcation, marking the dissimilarities between
institutional and cultural settings (Van Geenhuizen and
Rietveld, 2002).
In the second half of the 20th century, globalisation
led to the opening of borders, increased mobility, and
deterritorialisation (Sassen, 2008). Borders acquired
the character of networks, and became more porous and
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loosely regulated (Dear, 2013). The term territory acquired
a meaning that connects the contexts of terrain, identity, and
culture (Agnew, 1994).
Nonetheless, territorial claims based on ethnic
considerations have increased (Medzini, 2016). Various
barriers have been erected, while the borders have been
thickening and becoming less permeable due to security
enhancements (Haselberger, 2014; Heiskanen, 2016).
The process of bordering has created large frontiers or
borderlands (Warf, 2010; Casey and Watkins, 2014). A reemphasis on statehood and demands for greater security
(Newman, 2006; Warf, 2010) resulted in a shift from borders
and fences to walls (Jones, 2012; Roche, 2016).
Border linearity is now being emphasised again,
but this time around it is enhanced with virtuality
(Heyman, 2008) and dispersion (Kolossov, 2005) resulting
in a “new border landscape” (Konrad, 2016, p. 90). Borders
are increasingly marked by barriers and enhanced by
social practices (Johnson, Jones, Paasi, Amoore, Mountz,
Salter and Rumford, 2011), such as electronic biometric
surveillance systems (Amsoore, 2006; Parker and VaughanWilliams, 2009; Golunov, 2014). As the new technologies
may exist “everywhere” (Peña, 2021) the borders became
diffuse (Johnson et al., 2011). Dynamic border management
works across scales, from the transnational level to the
level of individuals, beyond border space (Adey, 2004;
Newman, 2006; Heiskanen, 2016). We observe a trend of
“examining and analysing issues beyond and below the scale
of the nation-state” (Warf, 2010, p. 2224).
Paradoxically, the described border dispersion
(Haselberger, 2014) is characterised by the development
of thick borders with an increasing number of border
separation barriers, fences, and walls (Wills, 2016). Even
ordinary spaces are saturated with “borders, walls, fences,
thresholds, signposted areas…” (Multiplicity, 2005). We
face increasing local bordering activities (Silvey, Olson
and Truelove, 2007) at increasingly lower spatial scales
(Nijkamp and Rietveld, 1989), such as gated communities,
“resilient” communities, and respect zones (Johnson et
al., 2011). In this article we address this changing nature of
border separation regardless of the spatial scale.

3. Methods and data: Comparison of barriers
at different spatial scales
Spatial entities enclosed with boundaries that take the
physical form of barriers are a general spatial feature. To
analyse their meaning, each spatial unit, such as a parcel or
state, must be ascribed a numerical value termed an index.
The index shows the ratio between a barrier’s length and the
size, area, or other features of a selected entity.
As an index (as described by Wentz, 2000), the proposed
Barrier Index is easy to understand, since similar phenomena
have similar values, and the values are independent of
the size of phenomena, their movements, and scale. The
values are comparable across scales. We submit that the
border barrier index can be a useful statistical measure,
giving readings that vary widely between 0.00 and 1.00 or 0
and 100 (percent). This makes it possible to measure the
status and tendencies within any given territory on one
continuous scale.
Here we define the Barrier Index. To calculate the index
for the selected spatial units we used the border barrier
length and compared it to the land border length. Countries
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that, according to the data available, had built a wall or
were located along a natural barrier were included. Data on
border lengths, the area of countries, the population, and
border barrier lengths were taken from publicly available
sources, such as The World Factbook (2019).
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under a specific number (Kladnik, Lovrenčak and Orožen
Adamič, 2005). They vary in shape (Foški, 2019), land use,
and size (Irwin and Bockstael, 2004). In this study, we present
the example of parcels in various Slovenian regions.
We selected this example because the needed data were
available (Geodetska..., 2020). The BLI for the selected
parcels ranged between 0.50 and 1.00, depending on the
location of the main and auxiliary buildings in the parcel.
Most parcels were quadrangular, with one side usually
along the road where fences are most common. This is also
confirmed by the BLI for roadside fences in selected towns
across Slovenia, which ranged between 0.17 and 0.90. The
lowest value was recorded in Žerovnica, Southern Slovenia,
where erecting fences is clearly not part of the local tradition
and parcel borders are usually indicated with a curb, a road,
or the edge of a lawn (Tab. 1).

The Barrier Index, originally based on the border barrier
length, was further divided into four subtypes, with the
option for additional ones. The Barrier Length Index (BLI)
defines the share of an entity’s perimeter in relation to the
entire perimeter on which a barrier could be erected. It is
expressed in absolute values as m/m (km/km) or in relative
values as a percentage of a parcel’s fenced perimeter. The
values range between 0.00 and 1.00. The Barrier Area Index
(BAI) is defined by the length of a fence per area of the
spatial entity enclosed with this fence (m/m2; km/km2). For
example, the length of border barriers of a country in km
is divided by the area of the country in km2. For combined
units (e.g. parts of settlements), this index can be calculated
from the average indices of smaller units (e.g. parcels) that
make up the larger one. The length of barriers in the spatial
unit is summed and divided by the total area of the unit.
To add a social perspective, the Barrier Population Index
(BPI), is proposed. It is calculated by the value of the Barrier
Length Index with the population (per 10,000 people) and it
is thus population-density-dependent. As the borders are not
just barriers but they allow mobility of people, goods, and
data through openings, checkpoints, and gates (PallisterWilkins, 2016), we propose the Barrier Closure Index (BCI).
It shows the ratio between length of the barrier (e.g. border
in case of countries) in 1,000 km divided by the number of
barrier openings or crossings (Fig. 1). In the case of country
borders it is based on the number of land border crossings.
Its values range from 0.00 to 1.00. The low BCI defines
barriers as “open” and high values as “closed”.

Certain differences of the BLI at the street level can
be observed between the (Slovenian) regions, stemming
from tradition and natural conditions. The Slovenian
example was selected because its territory combines Alpine,
Dinaric, Mediterranean and Pannonian landscapes and is
a European landscape hotspot with high landscape diversity
(Perko, Ciglič and Zorn, 2019). The calculated BLI ranges
from 0.173 in the Dinaric region to 0.903 in the Pannonian
region (Tab. 2). We observe that the differences are gradually
disappearing due to globalisation. An example of this is the
stone walls in karst regions, which were created because
of piling up leftover rocks obtained by clearing farmland.
Another example is the Ljubljana Marsh, where parcel
borders are “marked” by ditches. Modern construction
of parcel fences follows traditional patterns (Kušar and
Komac, 2019).

4. Results and discussion

4.3 Analysis at the one-hectare area level

4.1 Analysis at the parcel level
Parcels are the smallest, precisely measured pieces of
fertile or infertile land with one or several owners, belonging
to a specific cadastral district, and entered in the land register

4.2 Analysis at the street level

One-hectare areas with detached houses in randomly
selected examples of Cordoba (Argentina), Kampala
(Uganda), Ljubljana (Slovenia), Nakhon Sawan (Thailand),
and Uppsala (Sweden; Fig. 2) showed a BAI between 0.38
and 0.66. The index was the highest in Sweden (0.66) and

Fig. 1: The San Ysidro Port of Entry is the largest land border crossing between San Diego in the USA and Tijuana
in Mexico. Source: Mimi Urbanc, with permission
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Number
of cadastral
municipality

Number
of parcel

1,820

46/1

152

Mediterranean
(Šmarje)

1 Parcel (Slovenia)
1 Parcel (Slovenia)

Barrier Length
Index

Barrier Area
Index

45°56'19''N;
14°48'26''E

1.00

145.83

1414

46°36'37"N;
16°20'22"E

0.54

53.99

2,608

889/1

45°30'07"N;
13°42'54"E

0.60

101.24

Dinaric (Petelinje)

2,501

1252/2

45°41'22"N;
14°11'43"E

0.84

113.57

Alpine (Kranj)

2,131

128/1

46°13'54"N;
14°20'29"E

0.74

120.72

0.74

107.07

Level

Unit name

1 Parcel (Slovenia)

Central
(Ivančna Gorica)

1 Parcel (Slovenia)

Pannonian
(Nedelice)

1 Parcel (Slovenia)

Coordinates

Average

Tab. 1: Barrier Index at the parcel level in selected Slovenian settlements
Source: authors’ calculations

Level

Unit name

Coordinates

Barrier Length Index

2 Street (Slovenia)

Central (Ivančna Gorica)

45°56'22N; 14°48'30''E

0.61

2 Street (Slovenia)

Pannonian (Beltinci)

46°36'32N; 16°13'31''E

0.90

2 Street (Slovenia)

Mediterranean (Prade, Koper)

45°32'19N; 13°46'29''E

0.59

2 Street (Slovenia)

Dinaric (Žerovnica, Cerknica)

45°45'31N; 14°25'33''E

0.17

2 Street (Slovenia)

Alpine (Radovljica)

46°20'57N; 14°10'16''E

Average

0.70
0.59

Tab. 2: Barrier Index at the street level
Source: authors’ calculations
the lowest in Thailand (0.38; Tab. 3). The aim was not to
present a comprehensive analysis but to show that the
method can be applied worldwide.
The analysis of four randomly chosen settlement areas
around the world showed that the borders of land are
marked everywhere, but that the types of barriers depend
on a series of factors. In Sweden, the fences are low, made
of wood or metal, and easy to traverse, but the border can
also be indicated by ground landscaped in various ways

(gravel, grass, or flowerbeds). In Uganda, the fences are
tall, furnished with security elements (barbed wire and
broken glass), and are used to prevent access to land or for
security reasons. Other examples (Cordoba, Ljubljana, and
Nakhon Sawan) are somewhere in between. In Sweden and
partly in Slovenia, the buildings mostly stand in the centre
of parcels, whereas in Argentina and Uganda the main
building is part of the border. Common and public land or
low-value land usually has no fences.
In Europe, most cities removed their medieval walls
at the end of the nineteenth century because, as military
technology improved, the walls became ineffective
and hindered urban expansion. They were replaced by
other security devices and their security role moved to
a higher, national level and to a lower, parcel level. Such
abandonment of city walls shows that on the one hand
cities were becoming more externally open and, on the
other, more internally closed (Foucault, 2009), if referring
to the fences and barriers around individual house lots.

4.4 Analysis of countries

Fig. 2: Barrier Index for the one-hectare area in Uppsala
(red: borders of the area examined, yellow: barriers)
Source: Google Maps and Google Street View

Enclosing countries with barriers is a common practice
in both totalitarian regimes and democracies (Fig. 3;
Jones, 2012). As of 2013, “the US, Israel, Greece, Spain and
India had a total of 6,000 kilometres of walls” (Vallet, 2018);
see Vallet for a comprehensive overview. For this study, we
collected data on erected barriers for the selected countries;
border barriers with a total length of 10,659 km were
covered (Tab. 4). This is a conservative estimate of built
walls and fences as, according to some sources, the total
length of border barriers around the world (not only walls
and fences) varies from 18,000 km (Foucher, 2011) to more
295

Moravian geographical Reports
Level

Unit name

3 Settlement/Street

Ljubljana (Slovenia)

2021, 29(4):
2021,
292–305
29(4)
Coordinates

Barrier Length Index

46°02'22''N; 14°30'04''E

64.7

3 Settlement/Street

Uppsala (Sweden)

59°51'33''N; 17°39'33''E

66.0

3 Settlement/Street

Cordoba (Argentina)

31°25'20''S; 64°07'25''W

58.6

3 Settlement/Street

Kampala (Uganda)

3 Settlement/Street

Nakhon Sawan (Thailand)

Average

0°22'49''N; 32°35'54''E

40.4

15°41'39''N; 100°06'52''E

38.0
53.54

Tab. 3: Barrier Index at the one-hectare area level
Source: authors’ calculations

Fig. 3: Barrier Length Index in the countries with border barriers analysed (top) and the countries’ predominant
social structure illustrated by family systems (bottom)
Sources: Todd, 1985; data by Rijpma and Carmichael, 2016; Rosi�re and Jones, 2012: 219; Schengen included as
a barrier; authors’ compilation
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1,607

6,893

4,158

2,524

1,806

1,228

2,106

North Korea

Uzbekistan

Turkmenistan

Austria

Bulgaria

Greece

Hungary

475

2,018

4,431

Kuwait

Morocco

Saudi Arabia

B

410

975

443

193

780

3

152

20

19

200

30

523

11

30

25

1,700

1,079

248

45

550

32

1,416

930

345

813

Barrier length
[km]

Tab. 4: Barrier Index at the country level
Source: authors’ calculations

867

1,068

Israel

United Arab Emirates

152

2,612

266

Brunei

Egypt

1,953

Spain

Cyprus

1,322

Slovenia

838

13,364

Kazakhstan

N. Macedonia

13,888

India

32

22,147

Hong Kong

China

5,244

12,034

South Africa

USA

4,347

Border length
[km]

Botswana

Unit name

A

83,600

2,149,690

446,550

17,818

20,770

1,001,450

9,251

5,765

505,370

20,273

25,713

93,028

131,957

110,879

83,871

488,100

447,400

120,538

2,724,900

3,287,263

1,108

9,596,960

9,833,517

1,219,090

581,730

Area
[km2]

C

6,072,475

33,091,113

33,986,655

2,916,467

8,424,904

99,413,317

1,221,549

450,565

46,080,000

2,102,126

2,118,945

9,980,000

10,768,477

7,057,504

8,793,370

5,411,012

30,023,709

25,381,085

18,744,548

1,296,834

7,213,338

1,379,302,771

329,256,465

55,380,000

2,294,104

Population
[July 2017]

D

12

6

4

2

16

13

10

6

39

24

25

65

37

50

55

9

7

21

15

65

14

116

173

48

26

Number of land
border crossings

E

0.47

0.22

0.22

0.41

0.73

0.00

1.00

0.08

0.01

0.15

0.04

0.25

0.01

0.02

0.01

0.41

0.16

0.15

0.00

0.04

1.00

0.06

0.08

0.07

0.19

Barrier Length
Index

BLI = B / A

0.005

0.0005

0.001

0.011

0.038

0.000003

0.0164

0.003

0.00004

0.010

0.001

0.006

0.000083

0.0003

0.0003

0.003

0.002

0.002

0.0000

0.0002

0.029

0.0001

0.0001

0.0003

0.001

Barrier Area
Index

BAI = C / B

0,68

0.29

0.13

0.66

0.93

0.00

1.24

0.44

0.00

0.95

0.14

0.52

0.01

0.04

0.03

3.14

0.36

0.10

0.02

4.24

0.04

0.01

0.03

0.06

3.54

Barrier Population Index
[km per million inhabitants]

BPI = D / B * 10,000

0.07

0.74

0.50

0.24

0.07

0.20

0.02

0.04

0.05

0.06

0.03

0.03

0.03

0.04

0.05

0.46

0.98

0.08

0.89

0.21

0.00

0.19

0.07

0.11

0.17

Border Closure Index
[1,000 km of border
per border crossing]

BCI = E / A * 1,000
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than 41,000 km of “terrestrial closed borders” (Ballif and
Rosi�re 2009, p. 193–206), of which 87% or 35,670 km are
walls and fences. According to Rosi�re and Jones (2012), the
total length of border barriers is 27,624 km, while the total
length of forty-five walls was 29,000 km in 2011 according
to Vallet (2018) and Vallet and David (2012). The data vary
also because they may include the planned walls.
The mean BLI for the 25 analysed countries (Austria,
Botswana, Brunei, Bulgaria, China, Cyprus, Egypt, Greece,
Hong Kong, Hungary, India, Israel, Kazakhstan, Kuwait,
Morocco, North Korea, North Macedonia, Uzbekistan,
Saudi Arabia, Slovenia, South Africa, Spain, Turkmenistan,
United Arab Emirates, and the USA) is 0.25, with values
ranging from 0.001 to 1.00. The above-average values were
recorded for Hong Kong and Cyprus (1.00), Israel (0.73),
Kuwait (0.51), United Arab Emirates (0.47), Turkmenistan
(0.41), and Hungary (0.25). The average BAI for the analysed
countries with border barriers is 0.01 with a minimal value
of 0.000003 for Egypt and a maximal value of 0.038 for
Israel. The BPI ranges from 0.03 (Egypt) to 424.11 (India),
with a mean value of 68.24. The BCI ranges from zero (Hong
Kong) to 0.98 (Uzbekistan), with a mean value of 0.21.
Asia has the largest number of barriers among all the
continents (5,070 km), with the Middle East having the
highest average BLI (0.40; Fig. 4) and second highest BCI
(0.23). As regards the BLI, the Middle East is followed by Asia
(0.28) with the highest BCI (0.40). The BLI is low in Africa
(0.13), North America (0.08), and Europe (0.07). The BPI is
the highest in Asia and Africa (1.13 and 1.12, respectively)
and the lowest in North America (0.03). In terms of barrier
length, the Middle East is second (2,976 km), followed
by North America (930 km), Africa (845 km), and Europe
(838 km).
Calculating the BLI by country (N = 25) made it possible
to estimate the global index. All the world’s countries
combined have approximately 460,000 km of land borders
and 10,659–29,000 km barriers. Hence, the global BLI
is 0.02 to 0.06. However, at the global level at least twice
as many border barriers are planned or under construction
(30 walls, 25,000 km long), following the increasing trend
in the post-WWII-period (Vallet and David, 2012). Based
on the US and Israel, the average cost of barrier building
about 1.7 × 106 US$ per km or 350,000 US$/km/year
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(Vallet, 2018), the estimated global cost of building the
barriers is 16 × 109 US$, an equivalent to the GDP of
Somalia, Haiti, Kosovo, South Sudan or Iceland.

4.5 Analysis of the selected regions
We present selected examples of the data on barriers for
the Schengen Area (those borders that are subject to strict
control), for Slovenia (Fig. 5) during various historical periods
(Tab. 4), and some approximations for the selected historical
and natural areas, such as China under the rule of the Ming
Dynasty, the Alps, the Mississippi basin, and the continents.
The example of the Schengen Area covers four million
square kilometres and is enclosed by a 6,277 km land border
established in 1985, which, due to its strict controls, is here
considered a border barrier (Haselberger, 2014). The BLI
of this open area (BCI = 0.04) is 0.68, the BAI is 0.001 and
the BPI 10.20. The BLI for historical China from the period
of the Ming Dynasty – which ruled the country from the
fourteenth to the seventeenth centuries (acknowledging the
fact that the wall was continuously built through centuries
after the 7th century BC and did not function as a continuous
barrier), when China was enclosed by a roughly 11,300 km
long border and of which the Great Wall of China accounted
for about 8,850 km – is estimated as high, at 0.78 (the BAI
is 0.001 and the BPI 59.00). As concerns historical regions,
we calculated the changes of BLI for Slovenia in order to
present how a turbulent modern history influenced border
barriers of a European country. Its territory belonged to the
Austrian-Hungarian Empire before World War 1. After the
war, the west belonged to Italy and a military line was built.
Its territory was divided between Germany, Italy, Hungary,
and Croatia during WWII by barriered borders. The BLI
increased during the socialist regime (1945–1990) and
decreased after Slovenia gained independence in 1991. By
the introduction of the Schengen area, the BLI increased
again and is expected to fall after Croatia joins the Schengen
area (Fig. 6).
The Alps are an important natural barrier (Gams, 2001)
that influences social, spatial, and political development.
We considered the length and the area covered by the land
borders of Austria, France, Italy, Germany, Slovenia, and
Switzerland, and used the length of borders between Italy
and the rest of these countries as an approximation. The

Fig. 4: The BLI and BCI by continents, based on the countries examined
Source: authors’ calculations
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BLI of the Alps is 0.22, the BAI 0.001, and BPI 133.00. With
high number of mountain passes and some tunnels, the
divide is rather an open one with the BCI at 0.15.
Large rivers, often form political borders (Pounds, 1972).
We calculated the Barrier Index for the Mississippi, which
separates the 2.5 million km2 western part (North Dakota,
South Dakota, Nebraska, Kansas, Minnesota, Iowa,
Missouri, Oklahoma, Texas, Arkansas, and Louisiana)
from the 1.3 million km2 eastern part of the central US
(Wisconsin, Michigan, Illinois, Indiana, Ohio, Kentucky,
Tennessee, Missouri, and Alabama). The river is 3,778 km
long, which is also the approximate length of the ‘border’
between the two areas. The BLI is 0.15 and 0.10 (east/
west), and the natural border is of a closed type (BCI = 0.18
and 0.27). The method does not acknowledge the fact that
the Mississippi River is not a meaningful political barrier
as the state borders are completely open and that it can be
easily crossed by many bridges and boat services.
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4.6 Physical barriers as a reflection of cultural contexts
Closing borders at the level of parcels, settlements, and
states is on the increase, and so is the trend of building
border barriers and restricting mobility, even within uniform
and closed territories, such as the European Union. At the
same time, a distinction is being made between walls and
more acceptable fences, which even leads to denial, such as
that reported on along the Mexico – United States border
(Vila, 2003, p. 217): “Mexican officials insisted that they
were proposing not a border barrier fence but rather a train
protection device.”
The article presents a new method for interpreting
barriers at different spatial levels. It proposes an indicator
for analysing the closedness of borders that allows a
temporal and spatial comparison of barriered borders
regardless of their size. Some examples for each spatial level
were presented.

Fig. 5: The Slovenia–Croatia border barrier was erected near the Kolpa/Kupa River after the migrant crisis in 2015
Source: Matej Gabrovec, with permission

Fig. 6: Changes of the BLI due to political changes in Slovenia in the last century
Source: authors’ calculations
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The new method was first used to analyse barriers at
the local level, focusing on privately-owned parcels. Since
these are plots of land with known owners, they reflect
the physical, social and historic dimensions of geographic
regions. Here we have presented examples from different
regions on the example of Slovenia. Slovenia makes a good
example because it includes the Alps, the Mediterranean, the
Pannonian and the Dinaric regions. The calculated parcel
BLIs were quite high, ranging from 0.50 to 1.00, with the
lowest values recorded in the Mediterranean regions.
We then extended the analysis across geographic scales
to more publicly controlled neighbourhoods. We presented
data for the street level and the control group at the onehectare level. Differences between geographic regions are
also evident at this level, with BLI lowest in the Dinaric
region and highest in the Pannonian region. We observe the
influence of globalisation, however, the modern construction
of parcel fences follows traditional patterns. Analysis at
the level of one-hectare plots from randomly selected areas
around the world shows that plot boundaries are marked
everywhere. However, their closedness differs according
to historical development and perceptions of ownership;
communal and public lands usually have no fences.
Further, the method has been applied to human and
physical regions, states, and transnational communities.
The countries was analysed more thoroughly since the
most data are available at this level. It is no doubt barriers
have something in common at all spatial levels. We assume
that several underlying processes influence the continuous
barriering of the parcels, territories and countries. Being
socio-technical structures or devices (Pallister-Wilkins, 2016)
that inhibit or promote human interaction and mobility, the
border barriers reflect social relations. Therefore, physical
structures in the landscape are influenced also by social
environments and contexts.
One way to approach the complex institution of barriers
(Sassen, 2008) is to understand them as social structures.
A natural limitation of the index is that it does not define the
absolute characteristics of the spatial entities it distinguishes.
Therefore, we introduced a denominator to compare spatial
units at all spatial levels according to social aspects. Since
family structures with their various types are one of the
basic institutions of society, they are a common basis for
research in agriculture (family farms), medicine, statistics,
urban planning and also for border studies. Borderlands are
formed through cross-border regionalisation processes at
various levels, including everyday economic, social, familial,
and cultural practices (Kolossov and Scott, 2013). We use
it here because it provides geographical information as
a level between the individual and society (Guo et al., 2021).
Family types link the parcel level, which is characterised by
private property (of a group of people, e.g. a 'family'), and
the regional or national level, which is characterised by
shared governance and defined by shared values expressed
by the predominant family type. At the same time, the term
provides insight into the relationships between society and
space, which are reflected in borders and border barriers.
Family structures are extremely persistent, lasting, stable
(Masso et al., 2021) and they affect other socioeconomic
structures, including separation between poor and wealthy
neighbourhoods (Vallet and Jones, 2012). Medieval family
structures even influenced European regional disparities,
causing the states to become isolated by closing borders.
According to Todd (1987): “Every anthropological system
lives out its own political dreams, keeping interaction with
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its neighbours to the minimum possible” (1987, p. 25).
The neighbourhoods are limited by boundaries that are
established by social or political agents or agencies, to
distinguish between national, ethnic, religious, linguistic,
legal, or security differences (Haselberger, 2014). “[T]he oldest
political borders in Europe are only a few hundred years old,
and most were established more recently than that”, which is
linked to advances in cartography that allowed fixed borders
and territories to be represented (Jones, 2012, p. 70).
Barriers are a physical representation of invisible
discontinuities, where the social system reveals its
underlying logic: family structures define the ideological
systems (Todd, 1985) and development level (Duranton,
Rodriguez-Pose and Sandall, 2007), including wealth and
inequality, and they influence (self)enclosure at the regional
and local scales. Therefore, many barriers are located on
economic or social discontinuity lines (Ribeiro, Burnet and
Torkar, 2013).
The relation between border barriers and family types
confirms Reece Jones’s hypothesis (2012, p. 70) that in most
instances the barriers are the result of the “internal politics
of the state that builds them” (see Fig. 7). Similarly, Rosi�re
and Jones (2012) argue that, although countries try to justify
building walls with smuggling, migration, and terrorism,
these barriers are mostly connected with managing
immigration flows. They are an internal affair and build
a sense of security and identity. An example of this is the
construction of the Israeli West Bank wall (Pullan, 2013),
which was built for reasons of “demography”, with the
International Court of Justice declaring it illegal in 2004.
Along similar lines, the Swiss government has rejected
the idea of building a fence along its border with Italy
because of no clear legal basis to authorise its construction
(Cabinet…, 2016).
To illustrate this point, we use the typology of Todd (1985),
who introduced two opposites – liberal/authoritarian and
equal/unequal – to capture the dimensions of liberty and
equality and introduced family types. These dimensions
also relate to the balance between security and freedom
(Heiskanen, 2016) that are reflected in border issues (Fig. 7).
Because of their fundamental basis they can be related to
place-based realities, such as property (parcel level) and
territory (country level) as illustrated in this article. We
ranked countries in terms of the average BLI and family
type (modern data of Todd’s 1985 typology were taken from
Rijpma and Carmichael, 2016).
The highest average BLI (0.35) is typical of countries with
predominantly endogamous community types. Their borders
are barriered and closed: they have a high average BPI (1.06),
the highest average BCI (0.34). This type is found in Asian
and Middle Eastern countries. A similarly high average BLI
(0.30) is typical in countries with predominantly exogamous
communitarian types, which have a low BPI (0.29), and very
low BCI (0.03). This type is characterised by egalitarian
societies that tend to protect themselves more against the
“unequal” and “others” (Duranton et al., 2007). This family
type is found in European countries with border barriers. The
African type with barriers predominates in Botswana and
South Africa, characterised by unstable households, generally
strong prohibitions on consanguinity, and polygyny. Their BLI
is 0.13, their BCI 0.14, and their BPI is very high (1.12). The
egalitarian nuclear type is characterised by low BLI (0.09) and
BPI (0.12), and a moderate BCI (0.22). This type with liberal
intergenerational relationships predominates in countries
with border barriers, such as Greece, Hungary, Spain, and the
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US. The authoritarian type has low BLI (0.08) and BPI (0.06),
and thin borders (BCI 0.06). In these “strong bureaucratic”
countries (Todd, 1987, p. 148), border barriers can be found in
Austria and North Korea, while barrier-free countries include
those in the Schengen Area, and naturally isolated Japan.
The fluid and liberal anomic type with a low BLI (0.08)
is found in barrier-free countries, such as Burma, the
Philippines, Indonesia, Laos, Madagascar, Cambodia, and
Malaysia, and in South America. Barriers are not present
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in rare countries with an asymmetrical communitarian
system (an example is southern India), and in countries
with the prevailing absolute nuclear type (English-speaking
countries, the Netherlands, and Denmark).
A third (9) of the analysed 25 countries has BLI and BCI
above 0.25. Seven countries have BLI and BCI below 0.10.
The values of BLI are upward-limited (Fig. 8). The maximal
value can be estimated based on the BCI by the equation:
BLI = − 0.197ln (BCI) + 0.1941 (R2 = 0.9843).

Fig. 7: The BLI and BCI by family types as defined by Todd (1985) in the countries examined
Source: authors’ calculations

Fig. 8: Barrier Length Index (BLI) in relation to the Border Closure Index (BCI) by country and selected other areas,
and the predominant family type (note: for the Ming Dynasty we used a theoretical value of BCI (0.1)
Source: authors’ calculations
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4.7 Some implications of the Barrier Index
The Barrier Index makes it possible to analyse entities
enclosed by borders and to compare them in terms of physical
spatial features, such as fences and border barriers, as shown
in this paper. The data to calculate the Barrier Index and the
sub-indices can be easily obtained by field work and remote
sensing techniques, such as Google Street View. The data can
also be extracted using remote sensing methods, which extends
the applicability to areas that are not directly accessible. This
also expands the possibilities to reproduce the study.
Although the presented index refers to the physical
environment, it is related to the social background, as stated
in the previous section. Using the examples of historical
regions, we argue that the index can also be used to represent
other geographical elements of the landscape, its functions,
history, geography (e.g. related to land use) and culture. Its
multiple uses include, for example, the analysis of ‘barriers’
in terms of cultural differences, such as language groups
(represented by the predominant language or the number
of languages spoken in a spatial unit, such as a household
or a country), economic regions (and their invisible barriers,
represented by economic inequalities, the origin and location
of investments), and historical regions with an impact on the
contemporary landscape.
All this implies that the border barriers also are related
to expressing identity (Foucher, 2007). At all levels, they
physically characterise an area of identity and serve as
individual and social expressions or identity symbols. They
are largely created to preserve or protect this identity against
external influences. The reasons for the increasing trend
(Vallet and David, 2012) of this type of “self-protection” are
mostly internal; this is suggested by the stable differences
in the social structures, reflected in the proposed relation
between the Barrier Index and border openness.
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One limitation can be seen in the fact that only the land
border is considered as a basic prerequisite for ensuring
comparability across scales. This can be seen in the case
of North and South Korea. Because of this, the situation
regarding border barriers, as reflected by the Barrier Index
in North Korea looks “better” than in South Korea. Further,
the analysis of the Index on the local level is limited to urban
areas with urban land use. Large parcels in rural areas are
usually not “locked” by fences or other barriers.
The index and its subtypes focus on the spatial
characteristics of borders, defined by barriers. As the
barriers are erected on land, the index does not describe
the properties of the borders related to air or water. Here,
only land border crossings were used to calculate border
openness. The index could be updated with sea and air
border crossings to better reflect the effect of barriers on
island countries, for example.
A specific challenge is related to the analysis of Barrier
Index between neighboring regions in a country. Since these
kinds of borders are not defined by formal barriers, the
index could be updated with data on transport, economic
factors and the influence of other geographical factors. In
this way it would add to understanding of the landscape.
Similarly, it is difficult to analyse natural and historical
regions without clearly defined borders. In this regard,
comparative studies of similar entities are only possible.
But on the other hand, the index allows to present changes
in a region through time, which is an added value to
better understanding of geographical processes in modern
landscapes. As barriers are a becoming an important visual
element of the landscape, the Index makes it possible to
identify visual differences between the landscapes by the
architectural properties of barriers in different regions and
countries.

We used the stable features of family types and inheritance
systems to analyse if different social properties conditioned
the Barrier Index. When related to the proposed Barrier
Index, this feature made possible a structural and spatial
analysis from the scale of an individual and family to the
scale of a country. We found that the concept partially
explains the general picture of current border barriers and
closure. The index provides insight into the background of
certain spatial processes and makes it possible to examine
their past, present, and future.
Although we observe the (re)appearance of walls
and barriers as instruments for the protection of state
sovereignty (Vallet and Jones, 2012), the question of whether
border barriers in fact increase security remains unresolved
(Vallet, 2018). Yet, it is still a topical issue, especially
considering migrants and the Covid-19 crisis, when many
countries have been closing and reopening their borders
(Böhm, 2021) (Fig. 9).
Border barriers can be considered largely ineffective
and indeed destructive for the space that surrounds them,
as presented by Dear (2013) for the US-Mexico border.
But they are indirectly connected with the openness and
peacefulness of spatial entities, from regions to countries,
because in border regions cross-border conflicts are inversely
proportional to the level of cross-border cooperation.
Limitation of the study might be the availability of data.
The data of parcel shapes, usually extracted from the land
cadaster data, are not publicly available in every country.
The data for other spatial units, including countries, are
scattered in different literatures.
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Fig. 9: Several borders were physically closed during the
COVID-19 pandemics
Source: B. Komac
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5. Conclusions and policy implications
This article proposes an indicator for the analysis of the
closedness of borders. The Barrier Index was used to analyse
units enclosed by borders and to compare them in terms of
spatial characteristics, function, history, geography (e.g. in
relation to land use), and culture. It allows for temporal and
spatial comparison of barriered borders regardless of size,
from the level of parcels, settlements and to countries.
The Barrier Index has been further developed into four
subtypes, namely the Barrier Length Index (BLI), which
defines the proportion of the perimeter of a unit relative to
the total perimeter on which a barrier could be erected. It
is expressed in absolute values as m/m or in relative values
as a percentage of a parcel’s fenced perimeter. The Barrier
Area Index (BAI) shows the length of a fence per area of
the spatial unit enclosed by that fence (m/m2). For spatial
units with known population the Barrier Population Index
(BPI) can be calculated, which compares the Barrier Length
Index to the population (in our case, per 10,000 people). The
Barrier Closure Index (BCI) shows the ratio of barrier length
in 1,000 km divided by the number of barrier openings or
crossings and defines barriers as “open” or “closed”.
The Barrier Index was calculated for scaling spatial levels,
from the level of parcel to physical-geographic units, to show
its potential use, although it was developed at the country
level with the most available data. We compared the values of
the Barrier Index for 25 countries from different continents
and with different social and physical contexts. The BLI is
highest in the Middle East (average value: 0.40), followed by
Asia (0.28), Africa (0.13), the Americas (0.08) and Europe
(0.07), while the BCI is highest in Asian countries (0.40),
and followed by the Middle East (0.23), Africa (0.14), the
Americas (0.07) and Europe (0.04). It is interesting to note
that the maximum values of BLI and BCI are connected by
inverse relationship.
The proposed index allows spatial and temporal comparison
of various barriers at the scale of parcels, settlements and
their parts, regions and states, as well as other geographical
units. The BLI for the Schengen area was estimated to be 0.68,
for historical China 0.78, while in Slovenia it varied from a
minimum of 0.15 (1918 and 2015) to a maximum of 0.50
(2007–2015). Natural regions such as the Alps (0.22) and the
Mississippi region (0.15) have low values for the BLI.
The concept we present links all types and categories of
borderlines across scales into a single measure. Because
these are measurable values, the predominant character
of the units’ physical “openness” or “closedness” can be
determined regardless of their size. It thus addresses the
influence of the barriers on different aspects of the society.
The article brings a selection of examples at different spatial
units to present the method. The discussion relates the
results to the societal processes to present influencing factors
that work across spatial scales. We argue that the Border
Index at different spatial levels can be partly explained by
underlying structures of the society, expressed, for example,
by family types, that are quite stable throughout history.
The index could help identify relationships and similarities
between barriers at local and state levels. Policy makers can
more easily assess the impact of boundary closures at the
local level and feed the results into management at higher
spatial levels. The Index can provide data to monitor the
status of the border and its visible or invisible barriers within
territorial units. Since the degree of openness/closure of
spatial units at different levels is linked to underlying social
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mechanisms (Dołzbłasz, 2015), it is possible that countries
with more closed boundaries at the parcel level are also more
closed within their borders.
From a visual perspective, the Barrier Index adds value
to landscape management. It provides policy makers with
a comprehensive view of the openness of the landscape
that could determine the future development of private and
common lands.
Further work will explore the implications of boundary
openness. This includes, but is not limited to the flow through
the boundary through crossings such as bridges and tunnels.
This would provide decision makers at various levels with
a good tool for planning and advocating for appropriate land
use policies.
As higher values of the index could indicate lower levels
of safety in a selected area, comparing index values between
settlements and regions could help policy makers to define
areas where people feel more ‘unsafe’. In a modern society
characterised by individualisation, economic and social
inequality, safety is an important factor in the quality of life.
The index could contribute to a better quality of life in the
future. Trust in the state, the community, the neighbours
is reflected in the degree of openness of borders – defined
also by their physical bordering. One such example is the
open borders between Schengen countries within the
EU. In case of emergencies or mistrust in the successful
functioning of the neighbours (e.g. pandemic, migration),
the establishment of a border regime increases the BCI.
In this way, the Index can be used to observe present and
predict future developments of border areas – “space and
borders are closely intertwined” (Peña, 2021).
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