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Using Space Syntax For Estimation Of Potential
Disaster Indirect Economic Losses

Abstract

The paper is aimed at estimation of indirect ecacolosses resulting
from natural disasters. Generally, these losses defned as interruptions in
economic activities and are not related to the dgetkenterprises. Even limited
physical damage to property and infrastructure by natural disaster can
produce chain reaction of losses in supply chaithiwia certain region.

The Space Syntax Methodology is developed andfaseatcessing the
characteristics of buildings, cities or the surralimg space in general. Although
the methodology was primarily developed as urbammihg method, it was also
applied in the field of social and economic netwoarious studies of poverty,
crime, disaster management and real estate pricedased on this methodology.

The economic activities within a specific area sre state of equilibrium
before a disastrous event occurs. The disaster whlhnge the spatial
configuration (streets, buildings and infrastruayicausing negative effect on the
economic networks and business opportunities. Thes rmssumption of the
research is that potential indirect losses coulddstimated by comparing the
Space Syntax characteristics before and after astlisus event by measuring the
deterioration of links between economic enterprises

The methodology is applied in a practical study wban area.
OpenStreetMap data is used as road-centred mamedfity of York. The Historical
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Flood Map of the UK Environment Agency is usedetagsdisaster event impact.
The Angular Segment Analysis implemented in Degtirsaftware is used as the
main method for analysis.

The study of applicable network measures showd\tbahalised Angular
Choice can be used as criteria for selecting alaitres for minimizing indirect
costs caused by road network damages. At the sange this methodology
cannot be used for monetizing indirect costs oniifigng losses in different
economic sectors. The study approach does notadintrthe main theoretical
approaches and it gives new opportunities for rese@n disasters recovery.

Keywords:space syntax methodology, indirect economics ®ose

1. Introduction

The consequences caused by disasters of natueahoiogenic character can
be manifold. The disaster may lead to loss of tisstruction of homes and critical
infrastructure and even depopulation of areas wtiezerisk of occurrence and
repetition of disasters is high. Despite the widgety of definitions for these effects
in research studying the economic aspects of disaspact, two main areas can be
clearly identified — exploration and evaluatiorttad direct and indirect costs.

This study focuses on opportunities to reduce @uicosts caused by the
violation and the change of conditions for the tioring of economic entities.
The destruction of roads and industrial infrasutet as well as the uncertainty
caused by such extreme events may lead to a ripeotfuction and transport
costs, changes in demand, and the impact on bssmaschnologically related
to the industries affected by the disaster.

Most often, the impact on the economy is examingdguthe methods of
the Input-Output Models and Computable General lgitim. These studies do
not include spatial dependencies. It could be atghewever, that the spatial
element is included indirectly even in these meshdithe increase in cost of
production and delivery of products in related segtwhether due to the use of
bypass routes or to the use of new suppliers froaffected areas, is the result
of the new, changed by the disaster spatial cheniatits. The same applies to
the change in demand resulting from emergency svent

In this regard, changing the spatial and networkneations proved
essential to the level of indirect costs. Thereftire use of a methodology capable
to describe the change in the spatial relationshg® result of a disaster can
provide a tool to identify and evaluate alternagif@ reducing indirect costs.
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Based on this idea, this study aims at using SBgoéax Methodology to
assess the indirect costs caused by the disaster.

Space Syntax Methodology was developed initiallytfi@ spatial analysis
of architectural projects, but very soon this mdtilogy was implemented for the
analysis of a number of social and economic phenam®ne of the main
approaches of Space Syntax is the study of netammkections between objects
located in the space, which is another argumdatiour of using this methodology.

In this regard, the article will investigate thespibilities for the application of
Space Syntax Methodology to assess indirect cdstagafrom disasters. Selected
methods and parameters for evaluation will be impleted and evaluated in the
practical study of two major cases — impact studgr urban environment, and in
the affected region as a whole.

One of the important aspects of the researchasdess the possibilities for
application of the method not only in the plannstages of disaster protection, but
also in the stage of recovery from their consegegnc

2. Research of the costs caused by emergency events

Anticipating and assessing the losses associatbddigasters of natural or
technical nature is a prerequisite for managingthesequences of these events.

Drawing up a rational plan to reduce the damagmssible provided we
have three things.

First, assessment of the likely disastrous evemts fregion — what could
possibly happen. Second, accurate physical moolethd development of possible
natural disasters have to be developed. Finallyassessment of the economic
implications of the impact of the disaster is ma@emparing alternatives for
actions, we can choose the most suitable optioprfaiection using two criteria —
level of costs, and level of protection.

Taking advantage of this rational approach, howewer must take into
account that in economic terms a disastrous ewasalyraffects only the area of
direct impact. The destruction of one type of isfracture can have economic
impact over much wider area than the direct impétie event. The destruction
of a pipeline, a transmission line, a major roatridge may lead to cessation of
the economic activities or significantly increake tost of production in other
related economic activities.

The European Environment Agency (EEA) determines likewise way the
pattern of reporting losses caused by disastersQideve et al., 2015). The US
Federal Emergency Management Agency of the UnitatgSestimates and records
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the cost similarly (FEMA, 2015). These two exampmésimilarity in assessing

the losses can be easily explained and can evesupported by known

differences with OECD methodological framework fmsessing the impact of
disasters (OECD, 2012). First, this framework eats events from the

perspective of impact and correlation, and theryaea them as financial impact
and opportunities related to the prevention or ielittion of consequences. Thus,
the difference between direct and indirect lossemiich smaller and is not as
distinct as in the EEA and FEMA. The reason for difeerence here lies in the
function of various documents — cited EEA and FEM@cuments aim at the

assessment, accounting and reporting of costs iassbavith disasters, while

OECD uses as a starting point the analysis andrector risk management in all
aspects and phases of disaster.

3. Theoretical approaches to assessing indirect kes

Such differences in the definition of indirect lesscould be seen not
only in practical guidance on cost analysis, bgbdh literature dealing with
this issue. In the context of the Input-Output Med@O) and Computable
General Equilibrium (CGE), direct costs are thosstg resulting from the
impact of the event in a region, in industry, oredily affecting supply and
demand, while indirect costs are interpreted asehtaused in other related
sectors or regions.

Evaluation of direct losses here can be done binidgf the auxiliary
concept vulnerability, which can be monetizeafter taking into account the
strength of the disaster impact. Establishing exdicosts is possible after tracking
losses in other sectors, not on national, but rathea regional scale, through the
analysis of industry relations.

The CGE suggests that if an input for industry ¢ available or has
reduced capabilities in a given region, it canlgds® substituted with an input
from another regiof.Proponents of this method suggest that CGE is more
accurate and flexible than I-O models as it catuthe variants of substitution of
inputs and sources and more accurate indicatossimbly and demarntiBoth
models are perhaps the most common and are imptecthénto FEMA's

! This approach is used in practice. FEMA uses danfagctions for vulnerability of the
infrastructure to assess the direct costs of flrmp(fFrEMA, 2014).

2 Generally, the use of both models defines andsiper of costs — induced, reflecting additional
household spending caused by the emergency event.

*To compare several method applications, see: Kio#s (2015) and Clower (2005).
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practice through HAZUS-MH model. There are a varigt options of use and
application of these methods, but their main wesgrie their static and their
relatively limited ability to incorporate variousdustries"

Another important methodological aspect for thel@atdon of indirect
costs is designed to investigate the losses franraladisasters and emergencies
in terms of increase in transport and logisticisdd/e can provisionally call it
network estimation approach.

The basic idea of network approaches is that theareh of destroyed links
or links with reduced efficiency (industrial andasp) can give a good enough
idea of the estimated direct and indirect costthéoeconomy. In this regard, the
basic concepts and parameters used to estimagearesassociated with research
of networks and graph theory, such as robustneke ability of the network to
remain structurally unchanged under the influenBekékibaraet al., 2004),
resilience — the ability to provide a certain leg€loutput under negative external
impact and the possibility to recover after cessatif impact, and reliability — the
probability of reaching the desired destination hwia particular network
configuration (Grubesic and Murray 2006).

The main objective of the assessment methods sdd establish the
behaviour of network users when a change in itsackeristics occurs. It could be
argued that the theoretical orientation of the netvapproach helps to develop the
approach for the Critical Infrastructure study. @waly speaking, it is this
infrastructure whose damage will harm most sernyotl# economic system. This
approach involves identifying the elements of th&team (network) that are most
relevant to its operation and action for its protecand rapid recovery (Schulz
2012, pp. 5-39).

In summary, we can say that the use of network fadde the study of
indirect costs and economic impact of the direst@s possible and often used in
the literature. The main measures in this approachbe defined as parameters of
the network and space (regions) of disaster. Thlenying assumption is that the
increased distance, the degree of destructionlatioeships and alternatives for
connecting objects determine the behaviour of amess and producers.

Ensuring the stable operation of the spatial néivwadrconnections and
the reduction of the time for reconstruction of @ged parts are of utmost
importance to reduce indirect costs. At the samme tit could be argued with
reasonable confidence that the above mentionedoaiethre not in use, and
probably would not be practicable to analyze spedfvents and establish

4 Some microeconomic methods to estimate costs dmilchentioned, such as the method of
Hedonic Regression, evaluating losses as a refsdisaster inconveniences, but their use is faremor
limited. David (1985) and Don (1987).
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alternatives for recovery after the event. Methtmlsassess indirect costs are
used in the risk assessment and planning of prievergnd rehabilitation
activities prior to the emergency.

4. Space Syntax Methodology — Overview

Space Syntax is a methodology designed for theysisabdf space from an
architectural point of view but in its evolutionhis focused on human, social
and economic aspects of the environment. Accortiingpace Syntax Network
“Space Syntax was pioneered in the 1970s by PribfHilier, Prof Julienne
Hanson and colleagues at The Bartlett, Universitilege London”. One of the
most famous publications promoting this methodes lhook “The Social Logic
of Space” published in 1984 by Bill Hiller and &rine HansonHillier and
Hanson 1984) which aroused the interest of thensfice community and
facilitates the development of the theory and &8 in numerous studies and
applications. Some of the main applications of 8p8gntax are the study of
movement patterns, urban security applicationspeyriintegration, segregation
and cultural development.

Space Syntax is used for analysis of disasterseametgency situations,
mainly for analysis of escape routes, deploymentestue teams, étcWe
should point out in particular the publication ofGil and P. Steinbach “From
flood risk to indirect flood impact” (Gil and Stdiach 2008), which explores the
possibilities of analyzing the indirect consequenctfloods and uses some of
the indicators of Space Syntax for their estableftmThe article and the present
study are close both in their objective and apgrdadrafting the spatial pattern
of emergencies; however, the authors of the affiides on examining the general
parameters of the network and aim “to evaluateopeidince changes to the urban
structure and activities”. This study uses andstdsterent parameters and its aim
is not network analysis as a whole, but it ratheeks a rational method of
selection between alternatives for sequence ofor&twecovery.

Space Syntax distinguishes several basic methodsadysis — isovist and
VGA, convex, axial and segment analysis. This stugBs only segment analysis.

® For comparison of selected studies see Castdb32op. 3-5)
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5. Segment analysis and measures

In order to explain the main measure used in thuslys— Normlised
Angular Choice (NACH) first we have to explain twther measures used in
calculation of NACH — Depth and Choice.

As a description of space Space Syntax Analysi®\(®8es connection
between void spaces in configuration of environm&hiese connections forms
axial maps — network of lines and vertices, whidfers in many aspects from
centreline network of so called “natural streett@ad networks. The axial map —
lines and vertices and related dual graph can ée fos calculation of angular and
topological measures of the environment. Creatfaax@l map is not a usual task
and requires information for buildings, void spaaed street network.

SSA was further developed and enriched after someuskion and
critiques (Batty 2004; Cutini et al., 2004; Daltad01; Jiang and Claramunt 2004)
with Angular Segment Analysis (or just Segment Asisl). Turner defines this
analysis in brief as follows: “In essence, the wsial breaks axial lines into
segments, and then records the sum of the anghesdtérom the starting segment
to any other segment within the system [...] Thisudagsum is treated as “the
cost” of a putative journey through the graph, &od it a shortest (that is, least
cost) path from one segment to another acrossyters can be calculated”
(Turner 2005, p. 146).

In this regard each street segment is identifiedthes interjunction
between two intersection points of street netwéilure 1. presents such kind
of intersection of three segments and graph ddsmripf their relations. Names
of segments are used as vertices and weightedsaaglaised as graph edges.

Figure 1. Segment map and its associated graph

Source: (Turner, 2005, p. 147).

6 Special software and applications are developedutomatisation as Axwoman and AxialGen
developed by B. Jiang.
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In segment analysis tlwonnectivityis defined as cumulative turn angle to
other lines. If we set 180° as cumulative weighth2n 45° will have cumulative
weight of 0.5, then angular connectivity of B wile equivalent of sum of
weighted angels between A and B and B and C (x#+@)&33.

Step depthis defined as the shortest angular path from #lected
segment to all other segments within the netwolienT (syntacticktep depth
from A to B is 0.5. Respectivelyotal depth (or Total Angular Depth) is
considered as cumulative total of the shortest langoaths to all segments
within network. In case of Figure 1. The TAD is afjto sum of step depth to
A (0.5), to C (0.833) and to D (0.833). TAD for werk as whole is defined in
SSA Methodology handbook as follows:

“Two open spaces,andj, are said to be at depdh if the least number of
syntactic steps needed to reach one vertex fronotther isd;. The sum of all
depths from a given origin is computed as Totaltbep

n—1
=1

The Choice in SSA terms corresponds to the graphéory term
Betweeness Centrality. Turner explains it as: “Chavorks as follows: for all
pairs of possible origin and destination locaticstsyrtest path routes from one
to other are constructed. Whenever a node is pabsedgh on a path from
origin to destination, its choice value is incremeeh Thus frequently used nodes
take high values and while those that fall on fewaths take low values”
(Turner 2001, p. 147). The Choice as measure disws the potential for
selection of the segment within network paths.

It should be noted that in segment analysis matgasures can be used as
radius for calculating above mentioned parametarsddition, Turner compared
road map and axial map properties and their sigmifie for exploratory analysis.
Findings of this comparisons shows that road-canip and segment analysis can
be used in SSA. This is the reason to use in duneeaarch the OpenStreetMap data
as segment map. Segment analysis and calculatedhasfgular weighted measures
is implemented in DepthmapX software. The last ivarof the software —
DepthmapXnet was used in current research.

Developing further the methodology of Space Syn¥ang (and Hill)
proposed few normalised measures. Normalised An@llaice (NACH) is among
them. Authors describe the normalisation of choése cost-benefit principle
regarding total depth: “This would seem to haveetffiect of measuring choice in
a cost-benefit way [...]: so much choice, but at saod such a cost in angular
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depth; or, so much through-movement, but at suchsaich a cost in angularly
getting there” (Hillier et al., 2012, p. 160). Tetare the greater value of NACH
means better options for travelling from the selécegment.

NACH give also the possibility to compare differemétworks — the
measure has been proven to be independent of theneiworks size. It is
calculated by the following formulfa.

log(¥2, Xy 0t x, ) + 1)

NACH(x) = lug(Eledg(x, i)+ 3)

Wi Ewx =) 2

1if the shortest path fromito j passes through x

0 otherwise
andd; is the length of a geodesic (shortest path) betweeix x andi

Considering NACH from indirect losses and disastdief point of view,
the measure is very useful. It directly correspamdselection of best option for
travelling within network, which means less tramsgiion costs. The NACH
independence from size gives also opportunityrid best ways within changed
(or separated on several parts) from disaster meadork. Therefore connecting
segments (roads) with highest NACH have to beitlsé griority within disaster
relief and will guarantee minimization of losse®da road network failures.

where(, x,j) = {

6. Definitions, losses and measures

For the purposes of this study, we will assume divatct costs incurred by
the disaster include all necessary costs of reppitie damage to the concrete
damaged objects. Indirect costs will be considetteose caused in related
industries that are not affected by the disastat, duffer from supply chain
disruptions, increased production costs or chaimgesnsumption.

Limited to the spatial features associated withdh@&nges incurred by the
disaster in the area, we can use the indicatootdl Angular Depth (TAD). Let
us assume that the road network is divided into @nenore subnets by the
disaster. We can recalculate TAD for each subnet.

The lower level of Depth in the network means #ihbther segments are
closer and therefore there are more alternativesefiching more nodes. In this
case, we will assume with sufficient level of ceryathat connecting the points

" For full mathematical explanation see Appendidilier et al. (2012) pp. 191-193.
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with the lowest level of TAD in subnets will createe most alternatives to reach
as many points as possible. In other words, we reilbver better and faster all
other network parameters. At the same time, ibtscertain that the longest route,
the longest street, will ensure the shortcut tpaithts. The topological index TAD
does not guarantee it. In this case depth shoultbbsidered from another point
of view — that of the radial shortest paths. Thus will get the best alternatives
if we use NACH “cost benefit” indicator. In terms§ restoration of the network
and providing the best alternatives for travel gsWACH, we will contact these
places on the network that have the best ratiepftdshortcuts.

7. Algorithm and data

Taking into account all of the above, we can detfine algorithm for
research. We need to create the environment faewbst, which requires:

1. Information on the region infrastructure — streetwildings, land, and
a description of the functions of buildings aneéets;

2. The spatial model of the event — affected areaistedsity of the impact;
3. Determination of damaged infrastructure.

Once we have created the scene of the disasteranvealculate TAD and
NACH for the changed street network and deterniirgepoints and roads with
the highest level of NACH. The proposal for thethasernative for restoring
connections can be made after further analysise&ffected infrastructure.

Being aware of the number of affected routes beatvihe two points that
need to be connected, we could choose the shoefest works needed to connect
the two selected points.

For the purposes of this study, the city of YorkEimgland was chosen as
the scene of the event for several reasons. Essfreet network is of medium
size - neither too large to impede the calculatibthe indicators, nor too small in
order to have a variety of connection types. Yerk typical centre-oriented European
city with a ring road.

Initially, GIS data for real flooding in York praded by Copernicus
Monitoring Service of the European Commission vealected as a disaster model;
however, once it was established that they didcaotain data on the scale of the
infrastructure destruction, the Historic Flood Mafthe UK Environment Agenéy
was chosen, since it provides a georeferencingdeaball floods registered in
England from 1946 to date.

8 Data.gov.uk, Historic Flood Map — Datasets.
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The choice of this fictional disaster makes it lassto “destroy” a large
part of the infrastructure and to demonstrate lietéer way the “division” of the
transport network. For lack of any other informatiall streets and roads in the
affected area are considered to be equally affeeiezl dysfunctional in need of
restoration. Data on the road network and infrastime are produced by query
tools for OpenStreetMap datayhich is of excellent quality and volume in
England. QGIS was used to set up the scene ofvéhe,evhile the Space Syntax
parameters were calculated with open source saftdeveloped by the authors of
the methodology — DepthmapXnet.

8. Disaster Scene Setup and Analysis

Initially, after determining the region of York, wean make a series of
maps that will show the spatial distribution of eomically important city
facilities — industrial buildings and areas, sclptlanks, restaurants, shops, etc.
As Figure 2. shows, the industrial zone is locateth-northeast of the city by
the River Ouse, while services, historical sited administrative buildings are
concentrated in the centre and in the eastern part.

Figure 2. Industrial zones and amenitie¥
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Source: author’s query of OpenStreetMap.

® OSM tools osmconver and osmfilter was used
2 The query for amenities consists of following teghool, shop, restaurant, college, university,
hospital, bar, doctor.
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Figure 3. presents the calculated parameters TADFagure 4 — calculated
NACH regarding the city road network with the hefDepthmapXnet.

Figure 3. Total Depth for streets, the city of York

Total Depth
0-388
388 - 590555
590555 - 664415
664415 - 739896
739896 - 821167
— 821167 - 924129
— 924129 - 1239806

= A a

Source: author's own calculations and mappings.

Figure 4. NACH for street network, the city of York

NACH

0.00-0.21
021-0.60
0.60-0.85
0.85-0.96
0.96-1.09
. — 1.00-127
S —127-214

Source: author's own calculations and mappings.
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The Figure 3. shows low TAD in centre and in thertNdEast, which
corresponds to locations shown in Figure 2. Figushows the flooded area in
York recorded after 1946 by the Historic Map Fload well as possible damage
to the road infrastructure.

Figure 4. Full road network and flooded areas

Source: author’'s own mappings.

Figure 5. shows the calculated TAD and Figure éaleulated NACH for
each of the two subnets “created” by the floods #vident that TAD declines in
value for western network and increases in eagtaitn

Figure 5. Total Depth for streets after the “event”

Total Depth
0 - 1980
1980 - 186382
186382 - 299916
299916 - 431612
431612 - 506720
506720 - 590448

— 590448 - 866054

Source: author's own calculations and mappings.
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Figure 6. NACH for streets after the “event”

-0.22
-0.60
-0.86
-0.99
=115
-1.34
-2.14

Source: author's own calculations and mappings.

If such a significant in size event occurs, therext costs will be enormous
for the research area due to the interrupted cdionedetween industries
concentrated in the central and northern regiorthiey River Ouse, and those
located in the western part of the city.

The ring road is also interrupted, which would #igantly reduce the
options for finding bypass routes and supply ofdgoand services in the region.
At the same time, we can see that the calculatidroth parameters retains high
levels for the ring road, which is not contranetgectations for higher connectivity
of this road and shows the rationality of the Usgpgace Syntax for this analysis.

9. Complementary (subsequent) analysis

Figure 7 (a) shows the nearest points of subnefset@area of devastation.
The graph in Figure (b) shows that out of over §88sible points to start out
repair works, only about 30 have high positive NAGHues, which significantly
reduces the number of suitable rational alternatteestart restoration activities.
Let us recall that NACH can be seen as an indicatiat largely guarantees “the
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most effective” route in a network, and connecting subnets in points with high
NACH will lead to the best initial connection tdog the disaster.

Figure 7. (a) Points with positive and high NACH nar damaged streets, (b) Histogram of
NACH values for all points near damaged streets

Frequency
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100 200 300 400 500 600
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@) (b)

Source: author's own calculations and mappings.

After determining the most appropriate connectiain{s we can do
further analysis to ensure a rational way for tleeinnection. Rationality can be
seen in terms of the time required for connectminetwork accessibility of
restored roads, or of other important indicatonssadered by the city or region
authorities, such as the location of important stdas. All this will depend on
the level of destroyed infrastructure.

Data is needed on the extent of destruction andehtére expected speed
and costs of recovery. However, such informatiomulaide available if we use
a physical model of the disaster to determine #pe&ed intensity and scope of
damage. During the event, it is also possible t® gin expert estimate of
destruction and the recovery rate and to use sugplry analysis for the method
of connecting points.



140 Georgi Penchev

10. Conclusions

In conclusion, we could claim that the study hadsieed its aim. Space
Syntax Methodology was applied to a possible emnmagesvent to identify
opportunities to reduce indirect costs associatiéu this event.

The methodology proved to be extremely useful is dlirection, as some
of its network (topology) and geometric parameteas directly affect the
potential to reduce indirect costs. The study apgmodoes not contradict the
main theoretical approaches to identify indirecttsaand it can be argued that it
gives new opportunities for research.

It was demonstrated that Space Syntax can be dpieeliminate the
effects of disasters providing rational alternative restore the road network in
order to reduce indirect costs.

At the same time, this methodology can hardly bedur monetizing
indirect costs or establishing losses in specditars. Using these parameters there
is no way to accent monetary value of the poteftraindirect costs. Although its
application does not require particularly complexfinding and using information,
resources for the calculation of indicators magigeificant for larger networks.

Despite the above-mentioned weaknesses, the agpppicd Space Syntax
as a tool for identifying and selecting alternagiver recovery and reduction of
indirect costs of disasters is worth being explaed developed.
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Streszczenie

WYKORZYSTANIA SYNTAKSU PRZESTRZENI DO SZACOWANIA
POSREDNICH STRAT EKONOMICZNYCH
WYNIKAJ ACYCH Z KATASTROF EKOLOGICZNYCH

Referat ma na celu oszacowaniesiednich strat ekonomicznych wynigeych
z klsk zywiotowych. Generalnie, straty tey slefiniowane jako przerwa w dziatakud
gospodarczej. Nawet ograniczone fizyczne uszkedmeenia i infrastruktury spowodowane
przez kski zywiolowe mog powodowd reakcg tasicuchow strat w faicuchu dostaw
w okrglonym regionie.

Metoda syntaksu przestrzeni jest rozwijana i wykstyavana do uzyskania
charakterystyki budynkéw, miast lub otageej przestrzeni. Chociametoda zostata
opracowana przede wszystkim jako metoda planowai@gkiego, byta réwniestosowana
w dziedzinie sieci spotecznych i gospodarczych.

Stowa kluczoweprzestrzé skiadni mrthodology, ekonomiaoednie traci



