Ritchey Modeling Multi-Hazard Disaster Reduction Strategie

Modeling Multi-Hazard Disaster Reduction Strategies
with Computer-Aided Morphological Analysis

Tom Ritchey
Swedish Defense Research Agency
ritchey@swemorph.com

(Reprint by permission of ISCRAM)
[Downloaded from the Swedish Morphological Society]
[www.swemorph.con

ABSTRACT

Disaster Risk Management (DRM) is a multi-dimenaigeroblem complex requiring knowledge and expegen
from a wide range of disciplines. It also requiaamethodology which can collate and organize thmRedge in an
effective, transparent manner. Towards this engersspecialists from the social, natural and ergging sciences
collaborated in a facilitated workshop in orded&velop a prototype multi-hazard disaster reduatiodel. The
model, developed with computer-aided morphologicellysis (MA), makes it possible to identify andnpare risk
reduction strategies, and preparedness and nutigateasures, for different types of hazards. Dtien® constraints, the
model is neither complete nor accurate — but apyasents a proof-of-principle. The workshop wamspred by the
Earthquake Disaster Mitigation Research Center (EPMKobe, in January, 2005
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INTRODUCTION

Disaster risk management (DRM) has been definéd agstematic process that produces a range ofuresas
associated with hazard mitigation, emergency pegbess, impact response and disaster recoveryylaod
contributes to the safety of communities and thérenment; and at the same time parallels risk rgarmeent and
good management practices” (Britton 2005). It @swhasizes pre-disaster, not post-disaster measures
combination of “top-down” and “bottom-up” thinkingnd linking mitigation with development, all of igh
requires a multi-hazard or all-hazard approach {ikigly 2002).

Multi-hazard DRM is a complex problem area reqgraxpert knowledge and much practical experien@eviide
range of disciplines. It also requires a methodphbich can collate and organize this knowledgeubh a
participatory dialogue process. Towards this eades specialists from the social, natural and ereging sciences
participated in a facilitated workshop employingavel modeling method called general Morphologhsalysis
(MA). The workshop produced a prototype multi-hazdisaster reduction model which allows users togare
different hazards in terms of risk reduction styge and adequate planning, preparedness andtioitigaeasures.

The workshop, sponsored by the Earthquake Dishiteyation Research Center (EDM) in Kobe, took plat
conjunction with the World Conference on Disastedittion (Kobe) in January 2005.

This paper will begin with a discussion of somehef methodological problems confronting complexy-no
guantified modeling as applied to threat assessvaend strategy analysis. This is followed by a gméstion of the
fundamentals of the morphological approach. Finahg prototype multi-hazard disaster reduction ehedll be
described.

METHODOLOGICAL BACKGROUND

Modeling societal threats and disaster reducticatesgies presents us with a number of difficulthméblogical
problems. Firstly, many of the factors involved aoé meaningfully quantifiable, since they contsirong social,
political and cognitive dimensions. This means thaditional quantitative methods, mathematical elimg) and
simulation will not suffice.
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Secondly, the uncertainties inherent in such proldemplexes are in principle non-reducible, androftannot be
fully described or delineated. This represents evgreater blow to the idea of causal modelingsamilation.

Finally, the creative process involved in such &sids often difficult to “trace” — i.e. we selddmave an adequate
“audit trail” describing the iterative process frgroblem formulation, through alternative genenatio specific
solutions or conclusions. Without some form of é&luility, we have little possibility of scientifaontrol over
results, let alone reproducibility.

An alternative to mathematical modeling is a forhmen-quantified modeling relying on “judgmentabpesses”
and internal consistency, rather than causalityis@amodeling, when applicable, can — and should gsed as an
aid to judgment. However, at a certain level of ptarity (e.g. at the social, political and cogndtilevel), judgment
must often be used, and worked with, more or lgssilly. The question is: How can judgmental preessbe put
on a sound methodological basis?

Historically, scientific knowledge develops thréugycles of analysis and synthesis: every synthig&isilt upon
the results of a proceeding analysis, and everlysisaequires a subsequent synthesis in ordeerifyvand correct
its results (Ritchey, 1991). However, analysis synithesis — as basic scientific methods — say mgthbout a
problem having to be quantifiable.

Complex social-technical systems and policy fields be analyzed into any number of non-quantifeeibbles and
ranges of conditions. Similarly, sets of non-qugdi conditions can be synthesized into well-definelationships
or configurations, which represent “solution sp&cksthis context, there is no fundamental diffece between
guantified and non-quantified modeling.

Morphological analysis — extended by the technigfuaternal "cross consistency assessment” (CCA bstow) —
is a method for rigorously structuring and investigg the internal properties of inherently non-ufifeable
problem complexes, which contain any number ofaliafe parameters. It encourages the investigafiboundary
conditions and it virtually compels practitionessetxamine numbers of contrasting configurations@olity
solutions.

MORPHOLOGICAL ANALYSIS

Morphological analysis (MA) was developed by Prefed-ritz Zwicky — the Swiss astrophysicist ancbapace
scientist based at the California Institute of Trethgy (CalTech) — as a method for structuring iawestigating
the total set of relationships contained in muitikeénsional, non-quantifiable, problem complexesitkwy 1969,
Zwicky & Wilson, 1967).

Zwicky applied this method to such diverse taskthasclassification of astrophysical objects, theedlopment of
jet and rocket propulsion systems and the legaaspf space travel (Greenstein and Wilson, 19Vdje

recently, morphological analysis has been extemheldapplied by a number of researchers in the UaBd\Europe
in the field of futures studies, policy analysislatrategy modeling (Coylket.al, 1994; Rhyne 1995; Ritchey 1997,
2003; Stenstrom & Ritchey 1999; Eriksson & Ritcl2890). The method is currently experiencing soméwha
renaissance, not the least because of the devetwnmhemall, fast computers and flexible graphieifaces.

The method begins by identifying and defining thestimportant parameters (dimensions) of the proldemplex
to be investigated, and assigning each parameterge of relevant “values” or conditions. This @nd in natural
language. A morphological field is constructed btting the parameters against each other in amestional
configuration space (see Figure 1, below).

If a morphological field is small enough, one caamine all of the configurations in the field, irder to establish
which of them are possible, viable, practical, iesting, etc., and which are not. In doing so, veelnout in the
field a relevant “solution space”. The “solutiorasp” of a Zwickian morphological field consiststbé subset of
configurations, which satisfy some criteria -- Uguthe criteria of internal consistency.

However, a typical morphological field can contegtween 50,000 and 5,000,000 formal configuratifarstoo
many to inspect by hand. Thus, the next step irattadysis-synthesis process is to examine thenateelationships
between the field parameters and "reduce" the bgldieeding out all mutually contradictory conditio

This is achieved by a process of cross-consistassgssment: all of the parameter values in the hotogical field
are compared with one another, pair-wise, in thamaaof a cross-impact matrix (Figure 2). As eaain pf
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conditions is examined, a judgment is made as tthdr — or to what extent — the pair can coexistrepresent a
consistent relationship. Note that there is noregfee here to causality, but only to internal cetesicy.

There are two types of inconsistencies involvea@hpurely logical contradictions (i.e. those basedhe nature of
the concepts involved); and empirical constrainés (elationships judged be highly improbableroplausible on
empirical grounds). (Normative constraints can &ls@pplied, although these must be used with geeat)

This technique of using pair-wise consistency retehips between conditions, in order to weed oigrnally
inconsistent configurations, is made possible byiraciple of dimensionally inherent in the morphgikcal

approach. While the number of configurations in@phological field grows exponentially with eachane
parameter, the number péir-wise relationships between conditiagrows “only” as a quadratic polynomial — more
specifically, in proportion to the triangular numiseries. Naturally, there are practical limitsatezd even with
guadratic growth. The point, however, is that aphofogical field involving as many as 100,000 forma
configurations can require no more than few hunghadwise evaluations in order to create a sotuspace.

When this solution space (or outcome space) ihegited, the resultant morphological field becoméexible
model, in which anything can be "input" and anythioutput". Thus, with computer support, the fielth be turned
into a laboratory with which one can designate @nmore variables as inputs, in order to examirtpuis or
solution alternatives (see Figure 3, below).

The morphological approach has several advantagadess structured approaches. It seeks to bgrattee and to
help discover new relationships or configuratidngortantly, it encourages the identification andestigation of
boundary conditions, i.e. the limits and extremidgifferent parameters within the problem spacee Tiethod also
has definite advantages for scientific communicatiod — notably — for group work. As a processtie¢hod
demands that parameters, conditions and the issukslying these be clearly defined. Poorly defipadameters
become immediately (and embarrassingly) evidentwthey are cross-referenced and assessed forahtern
consistency. The method does, however, requiragtexperienced facilitation.

MULTI-HAZARD DISASTER REDUCTION MODEL

The idea behind the multi-hazard disaster reductiodel was to make it possible to identify and carapisk
reduction strategies, and preparedness and nutigateasures, for different types of disasters. whigld allow us to
identify synergies or disparities in disaster redncmethods as concerns different types of hazaidish may be
concurrent. It would also give us a common conafitamework and terminology over a wide rangeisdster
reduction issues.

The development of the model began with the prookgtentifying and listing the most important paneters or
variables of the problem complex. The working grailgntified the following eleven parameters:

Types of hazards

Principle risk reduction strategies
Root causes of vulnerability
Adequate knowledge required
Adequate planning measures
Adequate mitigation measures
Adequate preparedness measures
Legal/institutional frameworks needed
Dynamic negative pressures
Dynamic positive pressures

Unsafe physical conditions & practices affected

It is seldom practical to work with eleven paramgie a single model, as it could contain hundi&dsillions of
possible configurations. Normally, we would crete models with these eleven parameters, eachicormjeone
or twocommorparameters (e.g. “Types of hazards” and “Prindijslle reduction strategies”). However, since we
had only two days for our work, the group choseo$ithe parameters in order to develop a singledfof-
principle” prototype.
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Figure 1 shows the six selected parameters andrtrejes of conditions. Figure 2 shows the Crossistency
matrix and its assessments. For this model, wizedilthree “keys” for the cross-consistency asseasm

“ “

These two conditions can/should co-exist.

“X” = These two conditions cannot/should nai;exist.

“K” = These two conditions can co-exist, but &ighly unlikely or uninteresting.
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Figure 1. Prototype multi-hazard disaster reductionfield.

We were not able to complete the cross-consistaasgssment during the two-day workshop. Two EDM
participants (Britton and Fernandez) finished thseasments, “back-office” so to speak, withoutlifation. For
this reason, the model should be regarded as atppetfor proof-of-principle. Its content will remje a thorough
revision and expansion before it can be considanedctical working model.

The model is examined by selecting alternative sidsivers, in order to see how parameter values relatedb ea
other. For instance, one of the most natural dsivevuld be the “hazard types” themselves. If wedel
“Earthquake”, we get the morphology shown in Figare

Multiple drivers can be selected in order to iniggge more detailed conditions. For instance, az4fd type”, a
“Risk reduction strategy” and a particular “Unspfeysical condition & practice” can be examined idey to
compare disaster reduction strategies for diffehaztards. (Figures 4, 5 and 6).
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Figure 2. Cross-consistency matrix with assessments
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Figure 3. Earthquake morphology.
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Figure 4. Multiple driver Earthquake morphology.
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Figure 5. Multiple driver Tsunami morphology.
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Figure 6. Comparison between Earthquake and Tsunamnorphologies. Dark blue represents common
disaster reduction measures. Light blue represent®duction measures for Tsunamis only, and middle bie
represents reduction measure for Earthquakes only.

CONCLUSIONS

Morphological analysis, extended by the techniguEmss-consistency assessment”, is based orutheaimental
scientific method of analysis — synthesis cycles.this reason, it can be trusted as a useful,emtoal modeling
method for investigating non-quantified problem gdexes, which cannot be treated by formal matherahti
methods, causal modeling and simulation.

The prototype multi-hazard disaster reduction mpdesented here is neither complete nor fully sateyits
content needs to be expanded and refined. The rdoés| however, represent a proof-of-principlesesiih makes it
possible to compare adequate disaster reductiosuresafor different hazards and different princijd& reduction
strategies.

It is also important to emphasize the utility of thodeling procesiself. The morphology workshop was a success,
not the least for permitting cross-fertilizationidéas and knowledge between hard and soft scicandsetween
theory and practice. Using this modeling method,dpecialists developed shared concepts and a “oonaarking
interface”, shared definitions of parameters antd@@ns, and shared state-of-the-art knowledgmfdifferent

fields. In the process, they identified areas wtierdher research is needed. The specialists cdadlthat the

method has considerable value for DRM, and thatthi advantage lies in enabling practitioners @seéarchers

to better structure their thinking in DRM and taatwith disaster risks more holistically (Fernandeiz al., 2006).

Further work will aim at expanding and refining thedel, and developing products such as guidetines
diagnostic tools. As suggested during the workstmpteam might produce a tool for city and towmagers, as
they seek to manage their own risks in urban cemtfenegacities.
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