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ABSTRACT

I L J:- ‘l‘lr‘ isi -—rr s (m}l-
uw-amuwmmmm)wmrw-
ments and communities in evaluation of geological hazards, vul-
nerability, and risk. It is at the same way designed to assist an
uﬁnphminupnhin&mlyﬂn;mdfyimmmu-
ating existing or needed spatial information within land-use plan-
ning activities improving life stability through risk mitigation.
The [PDS system incorporates the Information Sys-
tems (GIS) Geographic Resource Analysis Support System
(GRASS]mdmjmlngmmuhlmdﬂlwiﬂinlOnpﬁc
User Interface (GUI), to provide the user with comprehensive
modelling capabilities for geological hazards, vulnerability, and
risk assessment. The methodology that IPDS follows for the

of b ds takes into t the weight of each influ-
encing factor within b dous geologic IPDS inter-
active algorithms compute the following for each cell

(based on the maximum resolution of the data): the related haz-
ard, the vulnerability to geological hazards, and the risk. One pur-
pose of this DSS is the definition of land-use suitability
categories for urban planning. The interdisciplinary formulation
ofnpﬁmmplautorhw-mhumnfmmdll’ns.dﬁl
goal is obtained by providing the user a dynamic user-friendly

This DSS incorporates the following information: topogra-
m.mmmmwm.mm,
B phology, soils (geotechni | data), land cover, land-use,
ydrology, precipitation (annual average and probable maxi-
mum), Federal Agency floodway maps
(1986), and historic data 10 assess hazards. IPDS is designed to
assess any * * hazard, such as debris flows, subsidence,
and floods, with probeble maximum precipitation and seismicity
as triggering factors for ibility scenarios, The regular
items considered in vulnerability analysis are (1) ecosystem sea-
sitivity, (2) economic vulnerability, and (3) social infr

major component of the overall management effort of urban plan-
ners around the world.

Natural disasters are considered as very complex phenom-
ena that demand interrelations among geologists, civil engineers,
geographers, pl iologists, and many others. Because of
the complex nature of the interrelations among all the different

of these type of problems, a Decision Support Sys-
tem (DSS) called Integrated Planning Decision Support System
(IPDS) is proposed as a k for the development of an
overall plan. This interactive computer system has been devel-
npedbmmn,aw.mdlmlmﬂnmﬂhofmﬂduwl»
ronmental scenarios. The study assesses geological hazards,
vulnerability, and risks, to configure a land use suitability zoning
model for urban planning based on weighted average of many
different factors. To obtain this, the purpose and scope of the
study had to include sufficient information to prepare comprehen-
sive maps and descriptive analyses through computer-based mod-
elling concerning the environmental and engineering
characteristics of projected urban areas.

Goals A common goal of professionals working with
urban development is to achieve specified ptable levels of
stability for humans and social infrastructure in connection with
the ecosystem. The size of urban development is determined by
the ability of the environment to satisfy the requirements of low
hazards, and by the stability of services such as transportati

electricity, water, etc. Therefore, the main of IPDS, as an
environmental tool is to optimize social habitat, thereby
improving life stability. To reach this, our main objective is the
development of a DSS oriented to land use management, with the
incorporation of information on geology, geotechnics, geo-
graphic information systems, iology, hydrology, and computer

An effective human habitat development plan must pre-
scribe the actions to be taken in terms of social development
interest, specific location characteristics (Nevo and Garcia,
1993), and impn of this In this project, the
objective of such a plan is defined as minimizing the risk to any
development. This can be sccomplished by improving the

vulnerability. The risk is assessed as a function of hazard and
vulnerability.

INTRODUCTION

Since humans have started to modify nature for develop-
ment without consideration of environmental the inci-
mamawm.mmmnm.m
fall, floods, and wildfires has increased. The magnitude of these
hazards and the iated risk intensity posed by such eveats
grows proportionally with population density. B of the
continuing reduction of available stable lands for urban popula-
tion growth and the high pressure for new subdivisions on unsia-
bblanlhmnmmdinguhmum,lhsmdt‘mﬁakand
vulnerability jion prog and for tion, mainte-
nance, and management decisions in settled areas has become a
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k dedge of existing hazard conditions and distribution, and
through social zoning, evaluating the existing vulnerability of
human settlements, critical facilities and public assembly sites.
Finally, as a projected goal in this research, the future objectives
of IPDS are to define the optimization of the land use supported
with the minimization of the natural risks and the minimization of
the cost of | ape modifications that are y to satisfy,
as closely as possible, the stated Land Use Suitability Index
(LUSI) or social needs within its development.

Previous Work  Recent advances in computer tech-
nology, and in the und ding of how computers can aid orga-
izational decision-making in i i have lead
to an increasing interest in automated models to handle GIS. Yet
relatively limited work has addressed general geological hazard
and vulnerability assessment and mitigation planning, Working
with a PC-GIS software, Mora and Vahrson (1992) delineated a
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methodology for landslide determination; DeBalogh et al.
(1983), and Dong et al. (1988) worked on vulnerability mitiga-
tion with emphasis on earthquakes; and Emmi and Horton (1993)
developed a model of seismic risk assessment using GIS. Very
few rescarchers (Hazards Management Group, 1988 and
Hobeika, 1988, are among the exceptions) have emphasized the
emergency preparedness planning process. Stimulated by Hurri-
cane Andrew, Berke and Stubbs (1989) designed a DSS for hurri-
cane mitigation planning. The work presented here differs in
that: (a) this research provides a new approach for the optimal
planning of human habitat using a interface; (b) it evaluates
multiple controlling variables through the use of GIS-based
wﬂ:hdalsunm.(c)itplmmmw-uﬂ-nhm
land use, geotechnical data, and
bumheﬂnckmdmrﬂmlgedogy;nd(d)llmamwy
to skip over the existing difficulties of combining so many
paramelers involved in planning decisions, in recognition of the
need for an easy way to do this work by professionals without
extensive compuler experience.

IPDS: INTEGRATED PLANNING
DECISION SUPPORT SYSTEM

IPDS has been developed with support from The Integrated
DmmSnppﬂGlmp(!DS)llColmdnShtUﬁ\wly DS

is intensively working on GIS integrated within mathematical
and graphical models.

IPDS: A Declslon Support System Ori-
ented to Urban Planning  in order io create a plan-
ning-purpose spatial decision support system, integration of
factual modeling, reasoning and decision making had to be
accomplished. IPDS is a computer environmental system that
provides functionality to develop specific spatial decision support
without the need lnwrileqndll code to pufnrmmmy

IPDS interf; | gies ina
single user-friendly computer environment, where each technol-
ogy can share the data and control the execution of the overall
solution process (Djokic, 1993) Geological hazard zoning and
urban pl g are that are not solvable by
conventionsl mathematics. Tl‘ae multi-criteria nature of geologi-
cal hazard zoning or tl'blm phnnlns ||nphu 'thnt a slnlghl-for
ward logical or these
problems does not exist (Fedra and Loucks, 1935}

‘The integration of GIS and environmental models has been
improved by the application programming interface [PDS. This
integration provides a common interface and information sharing
and transferring b the ve (Figure 1)
using a model built with the *C” pm;nmmng language.

DATA MANAGEMENT AND PROCESS-
ING TOOL: GIS and ‘C’ PROGRAMS

* Modeling Generated Data

* Geo-info Data : gm mﬁ;:t)’
* Trigger Data « Social Vulnerability
* Vulnerability Data * Risk Assessment

* Constraints * Optimization

* LUSI: A, B1,B2,B3,Cl1, C2,(3,D1, D2, E, F1,F2,G1, G2

OPTIMIZATION SUB-SYSTEM (MODELING):
‘C’ PROGRAMS, DMI’s, GAMS-MINOS

* OSF/Motif

TECHNOLOGY FOR DISPLAY
* Map and Tabular Spatial Information
Gmphlcs and Statistical information Distribution

GRAPHIC USER INTERFACE
* DM Dygiter

MODEL MANAGEM,ENT
SUBSYSTEM

< Modify Algorithms
* What if? Scenarios

* Compute LUSI for
Different Scenarios

* ‘C’ Program.Language

USER

Figure 1: Major components of a decision support system, organized for the Integrated Decision Support System
(IPDS). (Modified from Nevo and Garcla, 1993, and Berke and Stubbs, 1989).
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To facilitate input of extensive data, the IPDS system is
linked with GRASS (CERL, 1992) and with standardized inter-
face. The X-Window System (MIT, 1990), and a number of
interface-built tool-kits, make this an efficient integration. IPDS
allows the user to select criteria (objectives and constraints), and
uﬂuuilydeddemﬂnmmummuimiuwmlni-
mize them. McHarg (1969) describe some of the criteria that
should be considered when setting out to derive an assessment of
integrated planning decision and additional geomorphic studies
mmhimwwmmnmm.
floods, or subsidence hazard susceptibility. It should become
obvious from examination of these criteria that they cannot all be
measured by the same unit of measurement and that much of the
infi ion to be d will be subjective and subject to
uncertainty and preconception. The integrated planning consoli-
aﬂmmmw:mm”mmm

individual perception of the land quality or constraints for social
development may be quite different from a mathematical or logi-
cally derived state assessment. This considers integrated
planning decision as an approach of multi-criteria input fac-
fors to bring stability to urban planning projects.

Ideally, each individual's multi-criteria account statement
(set of algorithms in IPDS) at the end of consolidation of the
ﬂmﬁummﬂdmﬂmmﬁngmlw_
This obviously is an unrealistic expectation. Planners, sociolo-
gists, engineers, and communities must therefore negotiate what
constitutes acceptable and fair trade-off between individual non-
commensurable criteria. The consolidation process should also
be able to enforce threshold limits on individual components of
the multi-criteria input. Pfanning decision consolidation could be

seen as & complex multi-criteria problem to which there does not
exist an elegant, efficient solution procedure yielding a single
e e e o dnoll s Lisa 6

an example of a complex combinatorial problem that involves
clements of the location/distribution and assignment problems.
For IPDS, an appropriate solution procedure to this problem
should support the statement of Strapp and Keller (1992) assod-
ated with agricultural land planning:

«  be sufficiently automated to produce alternative solutions in
reasonable time;

a limited amount of effort. The development of IPDS followed
two basic approaches: the first one is to develop it from the
ground up, by writing the whole code for desired functionality
from scratch. This step demands a tight integration with pro-
grammers. The second step is the creation and implementation of
a GUI by putting together existing applications that provide the
necessary tools.

IPDS: Structure  The interactive dialogue sub-
y and the display and interactive use components are partic-
ularly critical for the effective use of the IPDS since they provide
the interaction b user and machine. These features isolale
the user from the technicalities of the computer and foster a dia-
logue based on the user's judgements, rather than imposing the
hard ngineer's or computer programmer's discipline upon
the user. These models of interaction permit a quick, low-cost
examination of alternative solutions as well as the capability to
modify assumptions and vary decision criteria. Moreover, the
IPDS menu-driven approach was designed with the assumption
that the user does not need a strong computer background. The
user needs to have the capability to direct the flow of information
and modeling effort is a desired goal. This provides the
user with a framework where the user creates individual applica-
tions and results using IPDS functionality, but never has o write
the functions.

A solution approach to a complex environmental problem is
handled by IPDS through its main components: Data manage-
ment (DMS), Model management subsystem or opti-
mization subsystem (MMS), and Graphical User Interface (GUI).

IPDS main components  DMS involves data
collection, data transformation, map editions, and display, is con-
trolled using GIS tools. The DMS consists of a directory or
mapset that stores vast quantities of 1and use and hazard-evalua-
tion-oriented dats, derived from national, state, and local sources
and, to a lesser degree, from new field work. The files include
data on geology, geomorphology, human settlement, lifelines,
land-cover, seismicity, geotechnical properties, and so forth that
the user might consider necessary and be able to obtain.

MMS deals with the data analysis models, subsystem imple-
mented using C programming supported by data from DMS.
MMS is being developed to emulate current analysis proced
and can perform numerical modeling tasks and present the
results. While GRASS within the DMS provides a suitable envi-

* beableto ider multiple structured objectives explicitly;
* account for multiple d objectives by supporting
interaction with solution processes;

* be sufficiently generic to be of use in many different plan-
ning environments;

* be able to produce more reasonable softtions by better rep-
menlin;lmdmndiﬁomﬂmushmﬁmnfbdnﬁalmd
non-technical attributes of a cell;

. Mﬁlmmmfum&mdiupnufum'pﬂu-
ences

IPDS: Functional Requirements  IPDS can
be viewed as a computerized framework that is used for the sup-
port of complex decisions based on spatially distributed informa-
tion. The major features of IPDS are that it is designed to be
inmcﬁvemdmywm.mhnwwmnulmndaumdaml-
ysis procedures, and that the solution procedure is developed
interactively by the user, by creating a series of alternative solu-
tions and then selecting the most viable one.

The IPDS archi is i d on a color SUN/

SPARC-workstation running UNIX under the X Window Sys-
tem. The system can be ported to most UNIX workstations with
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for the representation and analysis of the spatial struc-
ture, MMS is designed to capture the cited behavior, including
the database and model-base management capabilities needed to
construct, manipulate, modify, analyze, and query data and mod-
els. IPDS has been designed to expedite land-use planning mod-
eling with direct access to DMS and MMS using scientific
visualization principles and the graphic user interface (GUI),
which allows the user to modify the digital model and emulate
the geographic environment under study.

The GUI is defined as a ion of window, menu, and
icon selections designed to guide the user quickly and easily
through the program. The GUI allows the user to do as many or

as few changes during the impl ion of the analysis of mod-
els, and 1o see results immediately without complications. The
GUI th k Jefined functions allows the user to define how

a feature or a class of features will react to user-defined criteria,
and allows the reactions to be stored in an easy retrieval trend that
facilitates a sensitivity analysis. The GUI allows the dynamic

pling of existing models from the MMS to the DMS, so that
the GIS itself acts as a database source to the controlling pro-
gram. GUI tools provide the user with complete control over the




environment in a way not possible in the traditional geo-rela-
tional system. And, in this form, the GUI provides the ability to
set up a more realistic and effective modeling environment than
those that have been possible through simple GIS application.
This feature provides the flexibility to interact with the user
where the need for the interaction reduces the effort currently
demanded by a single application.

While the architecture just described is in fact a collection of
diverse, software tools, the IPDS interface is assem-
bled in such a way that the analyst always has the impression that
he/she is interacting with a single and coherent system. Each of
the above-mentioned tasks has been implemented as part of the
IPDS system. Each of these components is usually implemented
using the already-described different types of technology.

User IPDS provides a framework that orients the user in
[ ing a planning decision process. The design of the IPDS
system includes a wide variety of multi-criteria factors that can
be increased, partially avoided, or at least orient the users to bet-
ter solutions. A logical sequence of steps for the user in IPDS
would be:

* Reach agreement on what criteria should be included in the
planning decision process.

* Collect data for the above criteria and build a digital data-
base using GIS software (GRASS).

+ Examine the theoretical and historical p that lead to
stability or instability conditions, and modify input data
where ¥ to meet professional and ethical concerns.

« Calculate and categorize all constraints to be included in an
individual hazard assessment, including trigger factors
selection such as: probable maximum precipitation (PMP),
seismic iso-intensity lines (isoseismal), environmental mod-
ifications (land use), etc.

* Promote discussion of algorithms among concerned parties
to develop a better and more popul ing decisi
solution.

« Enforce threshold limits on vulnerability and multi-criteria

f ts. This is implemented by selection or grouping

of urban elements such as human settlement, critical facili-

ties and public assembly sites. This leads to a more accept-
able risk assessment evaluation and zoning.

Interface Design  The Sareen Layout of the IPDS
interface design, somewhat platform independent is formed by:
(1)the Menu Bar on the top of screen; (2) the Control Panel on
Mﬁﬂd&ufﬂnm;(!)ﬂn"mﬂoxlndl.mﬁou
information on the bottom of screen; and (4) the Display Win-
dow in the middle of the screen. Figure 2 shows one of many
possible choices. It shows the different shades (colors on the
screen) that indicate differ in el listed in the legend
displayed to the right of the display window.

Hazard Assessment Methodology and
Physical factors Geological hazards initially modeled in
the study include subsidence, debris flows, and fioods. Other
models can be run having the data and the algorithm. The
dynamic interaction with IPDS for hazard, vulnerability, and risk
assessment is based on the assumption that the user has a good
backg d in the required and available inf tion within the
database used by the system.

Hazard evaluation inputs are: (a) Suscepfibility, determined
by a combination of physical factors such as slope (relief), surfi-
cial geology (mineralogy, weathering, erodibility and strength),
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tectonism, geomorphology (morphodynamic processes that mod-
ify the landscape and its stability, morphometry), type of soil and
geotechnical ch ioat getation type and density, land use
and land cover, hydrology, constraints, and many others. (b) Trig-
gering , determined from the combination of seismicity,
precipitation (intensity and duration) evaluated as probable max-
imum precipitation (PMP), and land use as the human influence
on activaling disast gh tal modification.

For each factor, an index of inf is d ined through
a reference value for every particular site through a specifi
weight. By multiplying and summing these values through the
following equation, a relative Hazard (H) is determined:

Hazard = Hazard Susceptibility * Trigger(s) (1)

Therefore, the equation suggested for debris flow hazard
(Hdf) evaluation is defined as the product of debris-flow hazard
susceptibility (Sdf) times the considered trigger factor, which can
be precipitation (Tdf_p), seismicity (Tdf_s), or a combination of
both (Tdf_ps).

Hdf = SAf*[Tdf_p | Tdf_s | Tdf_ps] @

» Hazard susceptibility assessment  The natural fac-
tors influencing hazards occurrence such as debris flow, can be
modified in the field by engineering management activilies, and
relatively weighted to assess their projection through the 1PDS
sysiem.

The preceding factors are evaluated and a relative rating of
mass instability is given to each mapping unit. The following
algorithm, as an example, is suggested to compute and assign a
relative weight of each of the primary factors considered as a
control on the susceptibility of a particular site to debris flows
(Sdf) in the Glenwood Springs urban area (Colorado, USA). It
can be interactively modified using the Hazard Susceptibility

menu (Figwe 3), pressing the Debris flow option
causes the Edit Debris Flow Susceptibility pop-up. To interact
with the model the user can modify Modified Algorithm and
apply it. Similarly, Hazard can be interactively modified using
the Hazard pull-down menu and pop-up window (Figure 4), fol-
lowing Equation 1.

Sdf = ((slopedf * (aspect*7 + usc_casag*4 +

sgmdf*9 + veg*8 + hgdf*5 + shrswell1*2 +
erosK*7 + lusess*3 + wsbuf1*8 +

femahist2*10 + isohyaa*4)/67) + 9)/10 (3)
Equation 3 (modified from Mejia-Navarro et al., 1994)

s
env

describes slope susceptibility to debris flows and is basically a
ighted ge, with the relati ighting for each physical
factor indicated by the ical suffix of that factor. These

weighting factors are subjective and may be modified by the
operator through the GUI using the IPDS interface model (Mejia-
Navarro and Garcia, 1994).

The IPDS interface design is built in a way that the vser
applies the triggering factors directly through the Hazard pull-
down menu, clicking on the hazard of interest. The result is
obtained interactively by pressing the button for the user’s inter-
est, such as Debris Flow Hazards by both PMP and seismicity as
muutmm:ppupudimrmmwthemn.

* Vulnerability data processing To assess and be
effective in vulnerability reduction for urban planning decision-
making, we must be prepared to act within an interdisciplinary



frame-work. Also, we must realize that the basic importance of
our work is the measure of its projection into the imp of
human life. Therefore, we can say that geological hazard zoning
of an area has importance and justification to the extent that we
use it in planning decisions. Land use planning includes man-
agement of existing human settlement, and orientation of new
settlement under 'stable’ conditions. Environmental geology and
geotechnical engineering are designed to be i i into the
first steps of planning decisions, to give basic information to
develop accepiable conditions for life under most geologic cir-
cumstances.

A team of consultants representing all of the disciplines
associated with urban planning and development should include
soil scientists, geologists versed in geomorphology and environ-
mentalism, civil engineers, hydraulic engineers, design engi-
neers, hitects, landscag hi iologists, lawyers
versed in social conflicts and land-use regulations, transportation
engineers, and others. IPDS has been designed to facilitate and
promote an easy and fast multi-criteria analysis avoiding a major
part of this multi-professional agreement, in order to be more
effective in hazard mitigation through ive planning and
decisi king. E ive analysis and definition of land cover
and land use by classes should be made, describing density,
development approach, traffic circulation and road requirements,

ction, storm drainage, stream proximity use definition,
and utility services. Additionally, extensive studies must be con-
ducted of the preservation of open space available for recreation
and time of contingency.

The infl g factors idered for vulnerability assess-
ment and a relative rating of social [ P tol !
events are applied to build the vulnerability algorithm (Equation
4) Land use vulnerability (luseV) assessment is done with consid-
eration of community infrastructure such as building designs and

terial used in tion and economic zoning, urban infra-

ture such as channelization and structural works with special

designs to control or mitigate hazards, and social infrastructure

such as cultural conditions. Human density is based on census

data per block or minimum cell size of the analysis. The lifelines

factor considers the buffer area built around the road system net-
work plus water, phone, and eleciricity lines.

vulnerability = (human_density*10 + luseV*7 +
lifelines*2)/19 @)

IPDS, through the Vislnerability pull-down menu (Figure
5) allows the user to modify vulnerability iderations by
inserting his/her opinions within the new algorithm which can
compute the combination of ecosystem sensitivity (urban infra-
structure), economic vulnerability (community infrastructure),
and social structure vulnerability (cultural infrastructure).

+ Risk data processing  One particularly complete tool
for presenting information on a communitys hazard risk is a zon-
ing risk map. Specific risk (Rei) zoning is a procedure of divid-
ing a region into zones that indicate exposure 1o a specific hazard
(Hi) such as debris flows, floods, rockfall, or subsidence. The
interest of this type of zone mapping is to estimate the location,
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Figure 2: Raster map showing elevation with site locations of field photo sites (Xs).
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probability, and relative ity of future-probable hazardous
events, 50 that potential losses can be estimated, mitigated, or
avoided (Cluff, 1978). Hazard and risk zoning maps provide the

CONCLUSIONS
This DSS called IPDS is built on a decision-making process

besic information for applying land-use planning
improved by structural and/or non-structural techniques to haz-
ard or vulnerability mitigation. Risk is computed as function of
hazard and vulnerability (socioeconomic and political issues):

Rei = f(Hi, Ve). 5]

In other words, risk can be understood as the geographical
distribution of potential damages affecting elements at risk (Car-
ﬁml%unﬂwmﬁndnddmmclm‘m
pahufaﬂxkandyﬁnmm:(l):dmauﬂagwu.mm
vulnerability, (3) mitigate physical, economic, and mental dam-
age, and (4) improve the ing. This study pro-
vides a model which calls atiention to areas that demand fast and
careful attention. This can be done by running different scenarios
if conditions of vulnerability and/or hazard have been modified or
miligated by | or non | implementations.

The Risk pull-down menu of IPDS allows the user to selec-
tively evaluate the geographical distribution of potential damages
affecting social features, selected when the user computes vulner-
ability for different types of hazards (Figure 6).

that y planners often tacitly use now. However, [PDS
can help to provide a stronger rationale for the decisions made,
particularly in terms of implementation feasibility and costs.

IPDS discusses the potential usefulness of land use planning
techniques in relation to technical i such as geologic surfi-
cial processes, geotechnical characteristics of ground, environ-
mental conditions, and social asp IPDS application allows
planners to implement safer emplacements within a minimum
time for decision making and the most information available
applied.
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Physical factor abbreviations glossary Abbreviations
have been normalized for main entries within algorithms used to
compute hazard susceptibilities, triggers, hazards, and risks.
These are designed to be close to the normal words, the length of
which require abbreviation. The following are the meanings of
the input factors in the algorithms described for this study.

Figure 3: Hazard susceptibility pull-down-menu, displaying Debris-flow Susceptibility algorithm pop-up
editor
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Figure 4: Hazard pull-down-menu, displaying Hazard by PMP and seismicity pop-up editor interface when

user wishes 1o evalu

te hazard
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slopedf: slope angles from 0'-89" (0%-800%) are divided
into 10 classes, with the highest rating (10) given to those angles
most characterized by debris flows.

aspeci: slope aspect, with 360" = 0" = north-facing, 90" =
east-facing, 180" = south-facing, 270" = west-facing.

sgmdf: debris flow susceptibility of surficial geologic
material (slope cover). These include different exposed litho-
logic units - both bedrock and Quaternary deposits - differenti-
ated and reclassified into 10 categories according to their
susceptibility to and historic influence on related bazards.

hgdf: hydrologic soil groups used to estimate runoff from
precipitation (H: and Murray, 1992); these are classified
based on infiltration rate, water transmission and speed of rise of
internal pore pressure.

lusess: a zoning of land use f based on their relative
negative influence on slope stability and flooding.

luseV: this factor considers land use reclassification by its
vulnerability to be affected by a general natural hazard. This
reclassification is based on cultural and economic conditions of
the community, on urban infrastructure design of buildings such
as zoning of wood versus brick and concrete constructions, urban
infrastructure density which blocks or facilitates the passage of
debris Alows or floods, and proximity 1o the hazardous areas, and

on hazard mitigation infrastructure such as channelizations and
structural works with special designs to control or mitigate haz-
ardous events.

iSL2: the data for this factor are the result of & cross-
tabulation and reclassification of debris flow records on Quater-
nary geology maps, historical floods and debris flow records from
newspapers during this century, and possible flooding areas esti-
mated with HEC2 (Hydrologic Engineering Center, 1971) evalu-
ations.
isohyaa: isohyets for average annual precipitation from
weighting are assigned from 10 for areas with the highest precip-
itation values in millimeters to 1 for areas with the lowest value
of annual precipitation.
Probable Maximum (PMP): isohyetal maps of 25, 50,
or 100 year probable maximum precipitation obtained from dli-
male centers. Weighting is assigned to each isohyetal area based
on historical record of storms iated with destructive events
and the areal distribution of each precipitation intensity on urban
areas.

usc_casag: this factor combines (i) regolith texture
according 1o the Unified Soil Classification System (USC),
reclassified by grain-size disiribution in terms of susceptibility to
infiltration and internal structural collapse, and (ii) regolith

[inlnerabi 15t = * (human_dens1tul0v usshe7+] fel inea®2) /18"

Modified Algorithm:

[ ulnarabt 11ty = *Cruman_denestyw100 Lussbe711 el inase2) 13"

{ Apply |

[cancer] | Hew |

Figure 5: Vulnerability pull-down-menu, displaying the pop-up editor interface to allow the user to modify
the factors and weighting values in the vulnerability algorithm.
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Rock Fall Risk by Seismicity
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Subsidence Risk by Seismicity
Subsidence Risk by PMP & Seis.

Figure 6: Risk pull-down-menu allows the user a selective estimation of scenarios.
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matrix by its proximity to the Casagrande A line (Casagrand
cassification: Lambe and Whitman, 1969) on a plot of liquid
limit versus plastic index.

shrswell: day content and mineralogy in relation to
shrink-swell potential (Harman and Murray, 1992).

erosK: sheet erosion potential using Universal Soil Loss
Equation factor K, a measure of the susceptibility of the soil to
uudmbymwikhdnsﬂuﬁwxnlnumhmt
erodible, facilitating debris flows.

isoseismals: when this type of map does not exist, it is
bui.]tbnadnnuiamicmcmmﬁm behavior empirically

gned to geologic units, in combination with a patiern of radi-
ation of energy from known and fault planes to creale
an isoseismal map of expected ic intensities in specified
areas. This can be also idered as a predicted ion pat-
tem of seismic waves

lifelines: the buffer area built around the road system net-
wkplumm,mﬂdaﬂidtyh

o 1

MMIMWWCMMWIM
Environmental Modeling, 10 p.

Fedra, K. and Loucks, D.P., 1985. I ctive Comp
ogy for Planning and Policy Modeling. Water R
Research. 21: 114-122.

Harman, J.B. and Murray, DJ., 1992. Soil survey of Rifle area,
Colorado, parts of Garfield and Mesa Counties, U.S.D.A. Soil
Conservation Service, 149 p.

Hazards Management Group, 1988. Enhanced GDS 2.0 ata

: Hurricane R Soft Professionals by Pro-

Technol-

glace: P for F

fessionals. Tallahassee, Florida.

Hobeika, A., 1988, Transportation Emergency Decision S
System: Demonstration i

Program. Transportation Division,
Department of Civil Engineering; Virginia Polytechnic Insti-
tute and State University, Blacksburg.

Engineering Center, U.S., 1971. HEC 2 Water Sur-
face Profiles: ,723-X6-L202A, Users
Manual. Davis, Calif.: Hydrologic Engineering Center, Corps

veg: vegetative cover of slope, with categories as
for the study area by the Soil Conservation Service (Harman and
Murray, 1992).

human_density: this factor is based on population census
data per block or minimum cell size of the analysis.
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