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SUMMARY

Coastal Erosion is a complex spatial dynamic phearan that threatens the coastal regions
around the word and has a significant impact omsaaconomical and environmental aspects
of people livings in these regions. Hence, coastasion risk assessment techniques require
integrating several sources of data to provideremnt and complete vision of potential risk
regarding the phenomenon under study. This includesessing possible damage on
environmental, economical and social features dsaséhuman-life losses. This fundamental
information can then be analyzed at a higher hibieal level to choose appropriate actions
and strategies to protect the region, its envirartimte people and their assets in an optimal
way. Coastal regions are generally used by divéiasitats under authority of various
organizations and stakeholders in local, provincaid governmental levels. The main
challenge arises when each organization prefetak®its own criteria and its own sources of
data to assess the risk. The data and the créegiaften in conflict and it becomes difficult to
provide a coherent vision of the overall risk adlas to support an efficient decision-making
process. In addition, the way to represent riskesas a challenging issue due to the complex
hierarchical nature of risk as well as the existené uncertainty. This complicates the
adequate communication of risk values and theirsequences to stakeholders and
authorities. Therefore, an integrated informatigstesm is needed to manage the combination
of several criteria, time periods and scales obrimiation as well as the existence of
uncertainty at different levels. Geographical Imiation System (GIS) are conventionally
used for such purpose since they allow integratmegspatial and non-spatial data. However,
on-the- fly multidimensional analysis of risk islpmarginally supported by today’s GIS and
efficiency can only be achieved by integrating Bess Intelligence (BI) concepts for spatial
data exploration. In this paper we propose devatp@ Spatial Decision Support System
(SDSS) that combines both GIS and Bl capabilitiesirhprove coastal erosion risk
assessment. In particular, we propose to use Sfatihine Analytical Processing (SOLAP)
Paradigm and Fuzzy Set Theory to improve the reptason and analysis of coastal risk
coastal infrastructures such as roads, buildinggnte, and people that are vulnerable to
erosion.
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1. INTRODUCTION

The growing concern about potential coastal ridoested with natural phenomena such as
erosion and human activities along the coast hasated increasing interest in coastal risk
assessment which is a critical and essential gaainy decision-making process. It offers

fundamental information for managing and rankinggiole actions and strategies within any
Integrated Coastal Zone Management (ICZM) plan treating environmental, social, and

economical aspects.

Estimating risk involves identifyinglazard (the event produces risklarget (element at risk)
and Vulnerability of element at risk (the degree of intrinsic susbdpy of the features)
(Varnes 1984; Blong, 1996; Cutter 1996; Cutterle2@03; Boruff et al. 2005; Blaikie, et al.
1994; Daudé et al. 2009). Risk assessment techsigaepiire integrating a great amount of
data from several sources to provide a cohererarvisf potential risk regarding mentioned
components. Moreover, coastal regions are undaoaty of different organizations in local,
provincial and federal governments. Each orgaropatiften has its own source of data and its
own criteria to assess the risk associated withi@no Typically, these data and criteria are in
conflict, which prevents the elaboration of a ca@mervision of the coastal risk for decision
makers from the different organizations. By the wthe common objective of all these
organizations is to access to a fast and intugolation to report and summaries the degree of
risk to take actions rapidly in the emergency caBeside that existence of uncertainty in
different level of risk assessment and inherengyuzature of risk necessitate modeling and
representing of risk zones through a more flexdagproach rather than a polygon-based with
well-defined boundary.

However, the risk assessment process is not aglgfoaward as one might imagine. Dealing
such analysis is the main challenge of decisionarsawho are involved in any step of ICZM
plan by allowing fast synthesis, fast summarize&sy comparisons and multi-level querying
for efficient decision making purposes. In thisaety the main objective of this research is in
to develop an integrated multidimensional toolniprove coastal erosion risk assessment and
representation.Spatial Online Analytical Processing (SOLAP) is used as platform to
accommodate the multidimensional aspect of riskssaentFuzzy Set Theory is proposed to
improve the representation of risk zones due teenaht nature of risk and existence of
uncertainty in different level. The proposed apptoaan be then applied to several types of
objects in coastal area such as roads, buildinigsityy and people that are vulnerable to
erosion. In addition, the interactions between ¢hfesatures and their corresponding risk at
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different levels are considered in the proposedidioiensional system.

The content of this paper is organized as follahe: second section is considered in present
related works and described the problems. The pepmethodology and solution to develop

a SDSS based on geospatial intelligence paradighrepresenting risk zones are presented
in the section three. Conclusions and guidelineduture investigations are presented in the

last part.

2. PROBLEM DESCRIPTION AND PROPOSED APPROACH

Coastal Erosion Risk has inherently complex, multidimensional and cums nature, which
involves the combination of several criteria, tipexiods and scales of information as well as
the existence of uncertainty at different levelsiniérous frameworks and methods have
already been developed for coastal erosion riskesassent (IPCC 2007; UNEP 2002;
UNFCCC 1999; NOAA 2003; Mai and Leinbermann 200R)ese approaches are mostly
scale dependent that are developed for one satidd and are not suitable to be used for
multi-scale analysis purposes. Based on regulamregular analysis segment, most of these
approaches are considered a homogenous distribaftiuinerable index for each segment as
well as attributing the risk degree. However, calasegions are occupied by diverse
communities and are managed by different orgamaatsuch as fisheries, natural resources,
agriculture, transport, and municipalities withdbgorovincial and federal authorities. These
organizations have their own sources of data ardrier that may result in different and
conflicting risk values and may consequently leaihtonsistent and inefficient decisions to
prevent potential damages. Hence, a comprehersivéor multi-scale representation of risk,
not only in various spatial and temporal resoluidout also in different levels of abstraction
in thematic characteristics of risk for any aggtegaor detailed information levels is crucial
to sustainable development perspective of coasgabmns. Proposed approach

Geographical Information Systems (GIS) provide a wide range of advantages from
visualization, analysis, and integration of spaéiatl non-spatial data to support of decision
making processes. However, GIS are limited wheroihes to performing complex multi-
scale, multi-epoch, and multi-theme spatiotemporadries. Current advances ecision
Support Systems (DSS) and their integration with GIS provide interestisglutions for
efficient risk assessment processes. Of partigntarest are those advances coming from the
field of Business Intelligence (BI), where a catggof Spatial Decision Support Systems
(SDSS) called SOLAP technology (Bédard et al. 19@8)been developed. SOLAP has been
designed specifically to overcome the previousdyeli limitations of GIS and to allow rapid
ad hoc multi-scale, multi-epoch, and multi-theméorimation retrieval and to perform
complex querying by simply clicking on the desiregel of information detail for given
regions, epochs and themes (Inmon 2002).

The main dimension of uncertainty in coastal riskessment is originating from risk zones
representation. In addition, the fuzzy nature cdstal erosion along the coast due to the
polyline-based approach of coastal erosion rateutaion introduces more vagueness to the

TS04K - Task Force on Surveyors and the ClimatenGéa, 5958 3/10
Amaneh Jadidi Mardkheh, Mir Abolfazl Mostafavi, Yv8édard, and Bernard Long

Toward a Spatial Decision Support System to Impi©@wastal Erosion Risk Assessment: Modeling and
Representation of Risk Zones

FIG Working Week 2012
Knowing to manage the territory, protect the envment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



risk assessment procedure. Furthermore, risk hasarbhical characteristics due to the
inherent needs and interests of different partidipavorking for different organizational
levels. In this regard, risk zones are complex @abjaith uncertain boundaries resulting from
the fact that their definitions are vague and rmdale. The flexibility ofFuzzy Set Theory
(has originally been proposed by Zadeh (1965))xjwress risk value, consistent with human
reasoning, together with possibility of dealingwitncertainties suggests that it is an efficient
solution for spatial representation and commurocetif the risk (Darbra et al. 2008).

3. METHODOLOGY AND ACHIEVEMENTS

Coastal Risk Assessment

Coastal Hazard dentification: Response Option Process
Coastal Erosion :
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Fig. 1: A Scheme of Spatial Decison Support Systefor Coastal Erosion Risk Assessment

Fig. 1 illustrates a scheme of the SDSS for coastasion risk assessment. The system
includes three main steps:
1. Risk analysis through geospatial intelligence piarad
2. Multi-Scale fuzzy representation of risk zones, and
3. Decision making board (response option processpugir generating potential
scenario for any possible action and its influemicehe whole system.

The following section is focused on the first ahd second parts of the system. The third part
of system is out of scope of the current paper.

3.1 Development of Spatial Decision Support System Basen Geospatial Intelligence
Paradigm
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Bring in mind that risk assessment procedure idasn defining segment (regular or
irregular) subject to potential hazards (Cutterlet2003), the segments may have different
shapes and sizes. The area and shapes of thesenayitvary from a specific infrastructure to
a very small cadastral parcel, municipality, state,even a country. For each unit a
vulnerability index and, subsequently, a degredasif are assigned (IPCC 2007; Cutter et al.
2003; Gornitz et al. 1991). Vulnerability indexee alefined according to the vulnerable
physical, social, and economic features within hdaas spatial units (Abuodha and
Woodroffe 2006; Gornitz et al. 1991; Thieler andniaer-Klos 1999; Shaw et al. 1998;
Xhardé 2007; Boruff et al. 2005). The risk degreedmputed by a cross measuring of hazard
rate and vulnerability index by applying the EqBbruff et al. 2005, Cutter et al. 2003).

R(T.t) = H(T,)x =N Rank(v(i)) e (T.t) Eq. 1

whereR(T,t) is the risk of coastal erosion associated withdagrF at a given time, H(T, t) is
the erosion rate affecting the tarJeait a given time, Rank(V(i)) is the rank score (degree of
susceptibility) of vulnerable feature, ang(T,t) is the importance of this feature as weigtht for
targetT at a given timé. The risk level is expressed by values betweemd 5 where 1
corresponds to very low and 5 to very high levélgsk.

Our previous work (Jadidi et al. 2012) is focusearenon an analytical approach to develop
the spatial multidimensional conceptual model foastal erosion risk assessment. The
analytical approach includes four main steps tlatsist of performing needs analysis,

accomplishing data inventory, defining coastal emosisk parameters (hazards, targets, and
vulnerability index), and designing a spatial ndithensional conceptual model (dimensions
of analysis, measures to calculate, and SOLAP im@fgation model).

There are several possibilities for building datecwithin the SOLAP system that are
Relational OLAP (ROLAP) , Multidimensional OLAP (MOLAP) or a combination of both
Hybrid OLAP (HOLAP) (Imhoff et al. 2003)Most users do not have to care about distinctions
since they are the implementation techniquternatively, one may also use specialized SQL
servers that support SQL queries over star/snoeftakistellation schemas (Bédard and Han
2009). Regading to diversity of SDSS users, one pnafer toread the data directly from the
warehouse as a simple data exploration tool oate lits own data servein this paper, Hybrid
OLAP (HOLAP) approach is proposed to develop thapteld SDSS for risk assessment.
HOLAP stores part of the data in a relational dasgband the other part in multidimensional
arrays. A high-user end interface is provided by 8P (see Fig. 2) which leads to select the
desired dimension and the level of details throdgtacube either for navigating different
forms of data visualisation within Map4Decision. ISXP also permits the decision makers of
different organizations to consult and employ tlaens system (database and server) to
navigate through the spatial and descriptive infdram. The navigation can be performed on
different levels of granularity by basic operatissch as spatial drill-down to go to finer
granularity within a theme, spatial roll-up or &tp to go to coarser granularity, spatial drill-
across to show other information at the same lef/giranularity, and spatial slice and dice.
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For more details, see (Rivest et al. 2005).
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Fig. 2: An Example of SOLAP interface for users viaMap4Decison software.
3.2 Fuzzy Approach for Coastal Risk Zone Representation

This paper proposes an algorithmic approach baseBumzy Set Theory to deal with the
problem of ill-defined boundaries of risk zones ghinclude:
1. Estimate coastal erosion rate,
2. Define the risk analysis unit,
3. Define fuzzy membership function and the rules,
4. Detect the risk zones as fuzzy objects and impleérezy operation to create a
multi-scale representation.

The common indicator for coastal erosion identtfara is coastline change (Genz et al,
2007). The shoreline change is determined usingoaapilistic approach, such as linear
regression (Genz et al, 2007), a simulation-basetinique (Uricchio et al. 2004), or is
derived fromDigital Terrain Models (DTM) obtained in different epochs (Limber et al.
2007). The coastal erosion rate can be calculagethd transecting a perpendicular line as
profile along these lines to calculate the diffeerbetween different epochs. Based on
erosion rate, the region is classified on 5 categoas very low, low, mean, high and very
high rate of erosion. Next, the vulnerable objestels e.g. road network, houses, people
density, and etc. are loaded in ARCGIS10 to hasmgaificant perception of the distribution
of vulnerable objects and variation of erosion. &dmg to the distribution of vulnerable
objects and erosion rate classes, we define thmesggof the risk analysis. The size and
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shape of the segment are always challenging isstlgs stage. We inspired from traditional
way of regular gridding, though we are more sees#tlout the distribution of the vulnerable
objects. The vulnerability index is then attributéal each segment and a trapezoidal
membership function is assigned to each segmEntTHEN... rules).Fuzzy Set Theory uses
membership functions and linguistic parametersxjgress vagueness in uncertainty issues.
Instead of determining the exact boundary of a ssgmas in an ordinary set, a fuzzy set
allows no sharply defined boundaries because ofj¢ineralization of a characteristic function
to a membership function. Initially, all input vable are converted to a fuzzy variable using
membership functions- a process knownFagzfication. The shape of the membership
function e.g. a simple vector, S-function, triaragutrapezoid is optimized through successive
observations and may differ depending on the agiptic and the need to capture different
levels of uncertainty. Ther;uzzy Object Aggregation approaches (unian, intersectiom

and differenc®) are applied to lead to a multi-scale represemtatif risk zones. Due to
limited time, no concrete results are provided his tpaper. The research is followed and
continued and the final implementation on a corcestample will be presented in future
works.

4. CONCLUSION

An understanding of risk and the application ok assessment methodology is essential to be
able to efficiently and effectively making decisiand taking right actions and strategies. This
paper presented a fast and efficient SDSS toolctmastal erosion risk assessment by
privileging the geospatial intelligence paradignheTproposed multidimensional database
properly accommodates the mentioned challengesskfassessment and decision making
procedure. Furthermore, we tried to improve theesgntation of risk zones due to inherent
complex and dynamic nature of risk itself and esxise of uncertainty by translating them
into fuzzy object. Moreover, the fuzzy concept gsidlirectly to reduce the problem of ill-
defined boundary of risk zones and existence oédamty in different level. However, more
investigation in implementation of the idea of fyzzoncept through multidimensional
databases and multi-scale representation are sedgashe future works.
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