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Matrix (SAM) modeling system as a tool for assessing the economic damage arising from
natural disasters and for helping tOdevise recovery strategies. The resulting system
may be used to design proactive strategies for regions known to be vulnerable to
specific natural disasters (such as earthquakes and hurricanes), as well as to assess
damage and aid recovery in localities which have suffered an unanticipated disaster.
This report describes the methods used to construct and test the SAM, based on
work in a small Caribbean island. This study shows. that a suitable SAM model which
takes account of the destructive effects of a disaster can be constructed rather rapidly,
and that this model can reproduce the events of an economic disaster and recovery for
employment and income over an extended period. Special attention has been paid to 'the
lifeline sectors. More detailed versions of the model to account for the differential
impacts across social groups by occupation, education, geography and demography
among the affected regions population are also described.
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PREFACE

The National Center for Earthquake Engineering Research (NCEER) was established to expand
and disseminate knowledge about earthquakes, improve earthquake-resistant design, and imple­
ment seismic hazard mitigation procedures to minimize loss of lives and property. The emphasis
is on structures in the eastern and central United States and lifelines throughout the country that
are found in zones of low, moderate, and high seismicity.

NCEER's research and implementation plan in years six through ten (1991-1996) comprises four
interlocked elements, as shown in the figure below. Element I, Basic Research, is carried out to
support projects in the Applied Research area. Element II, Applied Research, is the major focus
of work for years six through ten. Element III. Demonstration Projects. have been planned to
support Applied Research projects, and will be either case studies or regional studies. Element
IV, Implementation. will result from activity in the four Applied Research projects, and from
Demonstration Projects.

ELEMENT I
BASIC RESEARCH

• Seismic hazard and
ground motion

• Solis and geotechnical
engln..rlng

• Structure. and sys!ems

• Risk and renability

• Protective and
Intelligent systems

• Socletllind economic
studIe.

ELEMENT II
APPUED RESEARCH

• The Building ProJect

• The Nonstructural
Components Project

• The Lifeline. Project

• The Bridge Project

ELEMENT III
DEMONSTRAT1ON PROJECTS

c... Studl••
• Active and hybrid control
• Hospital and d.ta processing

lacll"lI.
• Short and medium apln

bridge.
• Wlter supply systams In

Memphl. and Sen Francisco
Reglonsl StudIe.
• New York City
• M1nlulppl Villey
• San francisco B8y Ar••

ELEMENT IV
IMPLEMENTAT10N

• ConferencaaNVorkahops
• EducatlonlTralnlng cour...
• Publications
• Public Anren•••

Research in the Building Project focuses on the evaluation and retrofit of buildings in regions of
moderate seismicity. Emphasis is on lightly reinforced concrete buildings, steel semi-rigid
frames. and masonry walls or inlills. The research involves small- and medium-scale shake table
tests and full-scale component tests at several institutions. In a parallel effort, analytical models
and computer programs are being developed to aid in the prediction of the response of these
buildings to various types of ground motion.
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Two of the short-term products of the Building Project will be a monograph on the evaluation of
lightly reinforced concrete buildings and a state-of-the-art report on unreinforced masonry

The s"detal and economic impact program constitutes one of the important areas of research in
the Building Project The program involves identifying, quantifying, and analyzing the impacts
earthquakes and other natural disasters have on the populations and socia-economic systems of
impacted regions The primary focus of this program is on the interaction between the social and
e<:onomic system and the built physical environment which accommodates it The major tasks are as
follows

I. Fundamental research concerning the built physical environment system.
2 Fundamental research concerning the social and economic system, including investigations of

macro-economic impad, t:pidemiology of casualties, anrl housing reconstruction.
3. Specific research concerning the social and eCOTl0mlC system such as the economics of non­

structural component and lifeline failures, and the social consequences oflifeline failures.
4. Knowledge utilization research focused on professional and private acceptance of research

results.

The overall goal ofthe project is 10 develop a Di.'iaster AL'(.·OWlfiJlK Systemfor use in localities and
populations which either have recently suffered a disaster, or which are considered vulnerable to
a catastrophe. In thefirst case, the aim would he to construct a model as .'ipeedily and efficientlyas
possible following the disaster. This should be done at a suffidellfly early stage ill the recovery
process for the Social Accowrtmg MatrIX (SAM) to co",ribute to the earliest assessments of the
disaster, alld to be used in evaluating details ofalternative recovery strategies. In the second case,
the model would be built in anticipation oja catastrophe, and also would be u:..ed to evaluate the
comrihution ojaltemat/ve proactive mea!ll"e.~. For erample, these might be designed to enhance
the robustness of the local economy. as well as lifelines andphysical infrastructure.

iv



ABSTRACT

This report describes the fIrst two phases of a project to develop a Social Accounting Matrix

(SAM) modeling system as a tool for assessing the economic damage arising from natural

disasters and for helping to devise recovery strategies. The resulting system may be used to

design proactive strategies for regions known to be vulnerable to specific natural disasters (such

as eanhquakes and hurricanes), as well as to assess damage and aid recovery in localities which

have suffered an unantidpated disaster.

In many cases, natural disasters have their most severe impacts on isolated localities and small

or marginal communities, affecting all segments of its population and economy, directly or

indirectly, through the loss of homes or livelihood, or through damage to lifelines such as water

supply, energy or roads. Even though they take place with little warning, disasters affect places

for an extended period. To address these disasters requires tools which can be quickly constructed

and integrated into the recovery process, which can help to assess the economic damage caused

by the disaster. and which then can be used to assist in the long-term recovery process. The

overall goal of the project therefore is to use the latest modeling techniques to assemble data and

build a suitably detailed impact models of the devastated area in a matter of days following the

disaster.

This report describes the methods used to construct and test the SAM, based on the work in a

small Caribbean island. This study shows that a suitable SAM model which takes account of the

destructive effects of a disaster can be constructed rather rapidly, and that this model can

reproduce the events of an economic disaster and recovery for employment and income over an

extended period. Special attention has been paid to the lifeline sectors. More detailed versions

of the model to account for the differential impacts across social groups by occupation. education.

geography an~ demography among the affected regions population are also described.
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SECTION I

OVJ<:RVIEW OF PROJECT

1.1 Objective - A Disaster Accounting System

The National Center for Earthquake Engineering Resean.:h (NCEER). '-'lith funding from the

National Science Foundation of the United States and the New York State Office of Science and

Technology, is supporting an effort to develop Social ACl:Ounting Matrix modeling techniques

as a means of a..se ..sing the economic damage arising from natural disasters and helping to devise

recovery strategies. Such models could be used to design strategies for specific disa ..ter prone

regions and eventually develop into a rapid re .•ponse Expert System for application in remote

regions. This report describes the work carried out in the fir ..t two phases of the project.

Natural Disasters i.ldude earthquakes, cyclones, floods mud slides, and volcanoes. Because these

events can take place with little warning, they can disrupt all sectors of an economy and all

segments of a population for an extendt".d period of time. Even when they are not impacted

directly. people and businesses may be affected indirectly through damage to lifelines such as

water supply or roads, or through the loss of livelihood or markets. In many cases, these disasters

have their most severe impacts on isolated localities and small or marginal communities. For

these people and places, the extreme severity of impacts can be linked to poverty and

inappropriate development, and deficient recovery programs. Thus, while the main priority must

be to deal with the immediate needs of the disaster (such as medical and shelter), it is also

necessary to plan for an economic recovery which also provides the opportunity to improve the

quality of development to reduce hardship from future disasters.

This type of planning requires tools which can be integrated into the recovery process, in order

to assess the economic damage caused by the disaster, and to guide the long-term recovery

process. Unfortunately. natural disasters often occur in out-of-the-way regions where ready made

planning tools are not available and the expertise to develop these rapidly is limited. Moreover,
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because natural disasters tend to di.~rupt spe~ifi~ industries or populations, the planning tools

which are available may not indude the nel:essary details.

Social Accounting Matrices (SAMs) are a type of ewnomic model which are already widely used

for measuring the consequenl:es of planned and unplanned economu.: events. [n contrast to

previous and more conventional input-output models, SAMs may indude a wider range of

sectors, and provide more details of impal:ts on the household and public sel:tors, or on special

dasses of e~:onomjc al:tivjty, such as small businesses. They have been used for evaluating the

social and economic impacts of structural change, new technologies and public policies. The

value of these models has been dearly established at the national and regional level in industrial

and developing countries, as well as for small communities such as islands or vii!'iges. They can

also provide the basis for the assessment of disaster prevention and recovery programs. The

obvious potential of the SAM approach is that it might calculate the impacts on particular social

groups or economic sectors affected by disasters such as earth4uakes or hurricanes. This is

important because disasters generally have quite varied consequem;es across the affected

communities.

A key challenge for the projel:t is to provide means for "trans[ating" the assessments of the

physical damage arising from a natural phenomenon into the economil: disaster to be assessed

using the model. Essentially, the approach offered here is to use an Event Al:couming Matrix

(EAM) whose elements correspond to the entries in the SAM, allowing the direct impacts of the

disaster to be mapped OOlO the economic model. With this system, the model could be used to

design strategies for specific vulnerable natural disaster prone regions. This in turn might be

developed into a full-fledged expert system for use in post-disaster economic recovery efforts.

whil:h could provide a framework for integrating the sector-s~ific e;{pert systems now being

developed in transport and water supply systems, and other public and private sector activities.

Expert systems are a computer aided method for making applications easier to build and apply.

Essentially. the approal:h builds a set of guidelines into a computer program. which then may be

used to guide fairly sophisticated problem solving. The expert system approach is most advanced
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for spedfiL: "engineering" systems such as those now being developed by NCEER in the area of

transport. water supplies and other public and private sector activities. Although less developed,

some progress has also been made with socio-el:onomic planning applil:ations. particularly in the

area of environmental studies. The intention of the present projel:t eventually is to develop the

SAM into an appropriate Expen Planning System for use in post-disaster economic rel:overy

effons. This l:ould eventually provide a framework for integrating the se'tor-spel:ifil: expert

systems.

The overall goal of the project is to develop a Disaster Al:l:ounting System for use in localities

and populations whil:h either have rel:emly suffered a disaster. or which are considered vulnerable

to a catastrophe. In the first case, the aim would be to l:onstrud a model as speedily and

efficiently possible following the disaster. This should be done at a suffil:iently early stage in the

recovery process for the SAM to (ontribute to the earliest assessments of the disaster, and to be

used in evaluating details of ahernative recovery strategies. In the sel:ond l:ase, the model would

be built in anticipation of a l:atastrophe, and also would be used to evaluate the contribution of

alternative proactive measures. These might be designed. for example, to enhance the robustness

of the local e~:onomy. as well as lifelines and physil:al infrastrUl:ture. While this report primarily

concentrates on the technical questions of model ,onstruction and testing. as far as possible this

work has been l:arried out in conjunl:tion with institutions concerned with disaster planning so

that the most appropriate interfa\:e I:an be developed.

1.2 Project Strateg,v and Progress

The overall strategy for the project and the relationship between the bask research. applications

and demonstration phases of the project are indicated in Figure 1-1.

Phase One of the project provided a sector-by-sector review of disaster related impacts, cross­

linkages and prevention technologies and programs based on literature review and discussion with

expens in the field of earthquake studies and expert systems. It demonstrated the possibility of

adapting ex.isting theories and impact models to deal with the panicular supply- and demand-side
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issues posed by natural disaster phenomena su~h as destruuion of particular produl:tion al:tivities.

public infrastrul:ture (transport and public utilities) or social groups unevenly affected by the

disaster. The results of Phase One may be summarized as follows:

Review of Poliq Variables:

A literature review and discussion with experts in the field of earthquake studies has

demonstrated that a first step in developing the impact system would be the adaptation

of existing impal·t models to deal with the parti~ular supply- and demand-side issues

posed by natural disaster phenomena. Th~re is extensive literature on the likelihood of

disasters of particular magnitudes (in particular earthquakes, as well as vokanic eruptions

and hurril:anes), and of the engineering performance of individual proal:tive tel:hnologies.

survivahility, etL There is less extensive literature on the post disaster effel.:ts and costs.

Nevertheless. the available material provides important insights on the type of damage ­

both direl.:t and indirel.:t - suffered in the wake of a natural disaster sUl:h as destrul"tion of

particular produl:tion activities, public infrastrul.:ture (transport and public utilities) or

social groups unevenly affected by the disaster, as well as the developmental and

institutional I.:ontext of disaster rewvery programs.

In particular. the literature demonstrates that:

i) while there is considerable variation in the prel.:ise impact of natural disasters such

as earthquakes, cydones, floods and volcanoes, particular localities. communities

and types of economk activities are espel:ially vulnerable.

ii) the severity of impacts is often a consequenl.:e of mal-development, such as

squatter settlements, farming, etc, in potentially vulnerable locations.

iii) recovery should be seen as part of an on-going development process.

iv) disaster may provide opportunity to improve the quality of development. because

victims and administrations are responsive to new ideas. rebuilding is essential and

funds are available.
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v) the possibility of redirecting the developmem process in a system wide manner to

promote development and redul.:e vulnerability to natural disasters by using

"systems" principles in economic structure and organization.

vi) the institutional context of disaster recovery programs (induding the technical

tools tt employs) must al.:coum for specific interests. I.:ultural nonns and

organization of victims.

Such conclusions provide clues as to the most appropriate specification of planning instruments

induding SAM's if they are to useful in the recovery planning process.

Methods for SAM Construction:

The I.:ategories to be induded in the SAM have been investigated in light of the above

review. Ideally. the economic impart system would include all activities which might be

impacted by a natural disaster. or might affect the subsequent reconstruction. These

al:tivities may be varied and detailed sinl:e the impact of a disaster and the rate of

recovery are usually specific to the location and depend. for example. on the types and

magnitude of the event. the associated geological factors. the composition of the local

industry. public services and demography. the extent of proal:tive planning and the

availability of recovery services. and the relationship with the external world. Sinl.:e data

are not available on all these issues. and because such details could lead to an overly

cumbersome planning tool. it is necessary to I.:ompromise between what is desirable. and

what is practical. given the information available in partkular circumstances and the

degree of urgency of the analysis.

The merits of different categoriutions and levels of detail. and methods of SAM

construction are considered. Because the construction of a social accounting matrix on the

basis of complete surveys is extremely expensive and very time-consuming. it is seldom

done. Rather. the most common method for constructing input-output tables for a specific

locality is to transform a previously constructed national or regional table. or a table
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from an area with similar economic structure. This involves using available data from

the locality. such as employment and household and government expenditures. to adjust

the available table. Various techniques have been devised for this. induding an efficient

multi-proportional S(aling algorithm whil:h allow all available data to be induded into the

reconciliation process ac~:ording to the principle of minimum information loss. This

algorithm would form the heart of the eventual expert system. Because data on imports

and exports into a locality are among the most critical for a proper assessment of

economic impact. yet are generally the least readily available. it is nel:essary to devise

technique'; for generating them from other information.

Methods for Inl.'OTporating and Simulating Events:

Having l:Onstructed a suitable SAM for the pre-disaster ewnomy, it is then nel:essary to

devise methods for inl:orporating the direct effects of disasters into the SAM and cakulate

the region-wide repercussions of a disaster. This cakulation involves a time-lagged

solution for the Leontief matfix using a method which allows both the intensity and the

time-Sl:ale for recovery of each link in the el:onomic network represented by the SAM to

be induded in the calculation using the concept of the "event map." The alternative

reconstruction opponunities may be mapped onto the SAM system in a similar manner.

Preliminary applications of a detailed simulation of a disaster and subsequent recovery

policies based on a previously constru\:ted SAM are presented. This pilot model may be

used to assess the effects of "simple" disasters and individual proactive and reactive social

and technological measures. as well some more "complex" disasters and corresponding

"policy packages" involving combinations of el:onomic and institutional measures.

Expert System Requirements:

Some preliminary evaluation of the technical and interface requirements of the eventual

on-site expert system for constructing post-disaster impal:t models will be made in light

of work carried out under i) - iii) above. This discussion contrasts the possibility of
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applying expert system concepts in a social al:l:ounting matrix building system with those

for its application. Because the matrix building system has a well-defined algorithm at

its core, but requires a considerable degree of expertise (familiarity with data sources,

accounting conventions, and intuition), this is a good candidate for some form of expert

system approach. From a purely technical point of view, it also appears feasible to use

the expert systems approach to integrate the SAM system with other sel·tor-s~ific expert

systems. However, there must be concerns as to how the expert system fits in with the

organization of the relief operation as a whole (not least the involvement of the disaster

victims themselves).

The primary purpose of Phase Two was technical - to test the proposed theoretical methods for

SAM construction and use in more detail, and to test the model empirically, again using the

recent experience of a small Caribbean island, Aruba.

Testing the Capability of the Model to "Tral:k" a Disaster and Recovery Scenario:

The initial empirical tests are carried out using a modified version of a previously

constructed SAM for Aruba for the year 1979 to "predict" the employment and GDP data

for the Island from 1979 to 1990. These tests demonstrate that the model can reproduce

the events of an economic crisis on the employment and income of the Island over this

period. This is a relatively severe test for any planning model and overall suggests that

the SAM may be used to evaluate the impacts of major natural disasters and the

performance of recovery strategies for medium term recovery strategies.

Testing Methods for Model Construction:

The possibilities for the rapid constru\:tion of new SAM's at a national level taking into

account the destructive effects of the disaster are demonstrated through the construction

of a new 1990 SAM for the Island based on the "event map" and multi-proportional

scaling procedures advocated in Phase I. Special attention was paid to the "lifelirlc"
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sectors - water and electricity. Given the relatively favorable situation in Aruba, the

preliminary data collection and COnlo'lTuction of the model was completed over a period

of about one month.

Forecasting the Side-Effects of the Recovery Strategy:

The pussibilities for using the model to evaluate the impact of reconstruction strategies

is demonstrated by using the 1990 model to review the consequences of the national

recovery program to date, as well as the proposed capital expenditure program of the

Island Government. Thi-: leview includes estimates of employment by sector, occupation

and households, as we~1 as macro-economic variables such as balance of payments. The

results suggest that some of the unwelcome side-effects of the recovery strategy itself

could have been avoided, had a more adeQuate planning instrument been used to develop

the programs.

Constructing Models to Address Regional and Social Issues:

The possibility of constructing new SAM's at the local level (for example, the locality

directly affected by the disaster) is demonstrated through construction of a multi-regional

SAM for Aruba based on the regions identified by the Island's Disaster Preparedness

Committee. In addition, versions of the model which describe the cultural division of

labor among the Island population are presented. These models also provide a satisfactory

match to the regional employment shifts on the Island resulting from the crisis and

recovery, and suggest more appropriate development programs for the Island.

The overall approach to the construction and use of the impact model in a particular disaster

situation is shown in Figure 1-2. In each of the three main stages, information is "mapped"

systematically onto the basic framework of the input-output table. The fust stage is the

construction of the "pre-event" model of the regional economy from a variety of data. including

national data. The second stage involves preparing "event maps" to represent the inunediate
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effects of the disaster, calculating its impact on all actors in the community, and preparing

preliminary recovery plans. The third stage involves the adjustment of the plan in the light of

the revealed short and long run impacts.

1.3 An Aid to Integrated Recover)' Planning

The expert system is not intended to replace the judgments made by the disaster relief teams and

organizations involved, but would provide an additional tool for evaluating and testing alternative

ways for coping with the post-disaster reconstruction. The notion here is to use the latest

techniques to assemble data and build a suitably precise impact model of the devastated area in

a matter of days following the disaster. This would help the team and local authorities to assess

the overall costs of the damage sustained. and determine the priorities for reconstruction.

The overall framework for this integration of sector-specific expert systems and the SAM impact

model is indicated by Figure 1-3. This shows how the information from the sector specific

damage/response expert systems would feed into the rapid-buildlrdpid-response macro-impact

model, and how both would relate to the planning team in charge of reviewing S'enarios and

mapping strategies. Using the various expert systems. an "event-map" could be constructed.

which would be evaluated together with the alternative recovery scenarios, and in this way.

something approximating to an "optimal strategy" formulated. This would include, for example,

the priority and sequencing of medical and housing and other lifeline reconstruction. as well as

longer-term economic and infrastructure recovery.

1.4 Future Work

Future work on this project will continue the detailed simulation of technologies and recovery

policies in typical regions or islands vulnerable to earthquakes or other natural and non-natural

disasters. The aim is to systematically ex.tend understanding of how to model the effects of

individual proactive and reactive social and technologkal measures and to evaluate pro-active and

post-disaster "policy packages" consisting of combinations of technological and institutional
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measures. This should lead to the fonnulation of a set of "rules" for SAM construction and

application which will be used in the final step, the prototype expert system. Following this, the

computer programs and user interfaces would be refined for general implementation into a more

readily usable system, which would then be tested on a number of pre-event representative

scenarios, and customized to the needs of specific disaster preparedness agencies. Until the expert

system is developed, the SAM may be used as • pro-active system for vulnerable regions. In the

current stage of the work which began in November 1992, the techniques developed for small

islands in the Caribbean is being incorporated with similar work in the United States. This

involves theoretical, empirical and evaluative studies. The theoretical work includes devising

ways for transforming physical damage to infrastructure and business activities caused by an

earthquake or other natural disaster into the economic "event map" used in the model, making

use of existing research in the systems and transportation sciences. The theory of the lagged

input-output method used to solve the multi-regional SAM also will be extended to interface the

damage functions with the economic model.

The primary goal of the empirical studies will be to show that it is possible to construct locality

specific regional social account matrices for "disaster prone" localities in the continental United

States using readily available information (such as Department of Commerce Surveys of Current

Business, Department of Labor and the Census of Population, and the recently published 1987

United States Input Output table). Extending previous work in New York State and Western

New York, in the fvst stage a SAM has been constructed for the economically debilitated centraJ

c;q neighborhoods of Buffalo. This will provide the basic procedures needed to generalize the

matrix construction to two other localities in the United States, localities in Florida affected by

the recent hurricane Andrew, and Memphis, Tennessee. The extreme circumstances of Florida

will provide insights as how the varied and changing damage assessments during and after a

natural disaster can be introduced into the model. This will help to assess the limitations and

capability of the SAM approach. The study of Memphis will be coordinated with other projects

supponed by NCEER, as part of the effort by NCEER to focus a wide range of analysis on this

region of the United States.
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This '",'ork will be coordinated with the evaluative component of the project, whkh will make use

of the models constructed during the previous phase to evaluate the cost effectiveness of a

recently completed lite line water supply system designed to prevent disruption to public utility

services on the Island. TIllS work will be carried out in cooperation with the Island's Calamity

Planning Committee and the relevant public utility companies. This will also involve an

elaboration of the "lifeline" sectors in the model to better represent their inter-sectorial and inter­

cegionaJ charal'ter. The evaluative "tudies also will requiw a deeper and more structured review

of social networking <lnr. other "insurance" strategies arl'-'pted b) the different communities on

the Island desl:fi~d in the SAM model during the period of disaster and recovery. Again. this

work should augment similar effons already underway in NCEER. and improve ways for taking

account of these sociological and cultural aspel'" of disaster mitigation and recovery planning

in economic analysis with the SAM.

I.S Layout of this Report

The first section of this report hi :efly considers the requirements of a model whil,.:h might usefully

address some of the economic issues arising from natural disasters. The second section describes

the theory of input-output analysis and sCl\.:ial accounting and their potential contribution to

disaster recovery planning. The choke of the demonstration project in Aruba and the goals for

model testing are explained. The third section use~ an existing model to track levels of

employment and national income through a disaster and rel:overy scenario. The fourth section

describes the construction of an updated model which is used to examine the unforeseen

consequences of the recovery program. The fifth section illustrates regional. social and cultural

accounting versions of the model. each designed to address more direo.:t1y the consequences of

natural and other disasters. The final sixth section summarizes the conclusions and uses an

economic planning model to illustrate one possibility for a "user friendly" interface for the ex.pert

system model proposed in this report.
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SECTION 2

HEFINING THE PROBLEM

2.1 Natural Disasters, Localities and Communities

The methods for building and applying social accounting marrices which are suggested in this

report are adapte-d from studies of small developing countries (specifically. Caribbean island

economies). and wunty-sized regions in industrial countries (in the United States and Scotland).

The point of specifying a characteristic locality is therefore to provide a realistic challenge in

terms of the empirical constraints. technical difficulty and the institutional and economic context

of the exercise.

Natural disasters strike all sizes of regions and populations. Although there have been several

major disasters this century where major cities (such as San Francisco) or massively populated

areas (such as coastal Bangladesh. and provinces in China). th~ most damaged places in the

majority of natural disasters are small districts and communities, often in the poorer areas of

developing countries. While, in view of the variability of disasters and their impact, it is not

especially useful to speak of "average" localities or "typical" impacts. this report aims to develop

systems which can contribute to disaster planning in developing countries in localities with

populations of. say. from ten thousand to one million. with low to middle per-capita incomes. and

a geographical area of up to one thousand square miles. This refle~ts the locations many times

affected by disaster. often sub-regions of a state or province. or small island territories. with a

reasonably diverse and well-developed economic and institutional base. Often in these areas.

there has been little pro-active disaster planning. This is despite the efforts of international

agencies in the areas of assessing hazard risk. identifying and formulating mitigation measures.

and providing information and training (e.g. OAS. 199() Natural Hazards Project). or the work

of the United Nations disaster relief operations (in panicular. UNDRO, UNHCR and the World

Bank). and NGO and volunteer organizations (such as Oxfam, Save the Children and CARE).
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If a useful system can be developed with these poor and less developed regions in mind. then it

is also likely to be applicable to similarly sized areas in more developed countries (such as

individual counties in the United States). As indicated above, larger cities in industrial countries

often are equipped with planning tools similar to those demonstrated in this project - such as

input-output tables, or have the data and local capability to create them, and already undertake

pro-active disaster planning - or have the capability to do so. Nevertheless, since many disasters

have a very localized impact, the planning instruments which are available may not be

sufficiently geographically targeted to be of use in the wake of a specific disaster. Therefore.

here too, it may be necessary to have ways of transforming available tools match the parameters

of the localized impal:t of a spel:ifil: disaster.

2.2 Physical Damage versus Economic Disaster

Cuny (1983) categorizes disasters as "cataclysmic" disasters - eanhquakes, cyclones, floods,

tsunami. volcanoes and fire - and long-term and l:ontinuing disasters - war, drought and famine.

This project is concerned with the former. in particular, disasters which are "sudden" i.e. fairly

likely. but relatively unpredictable (such as earthquakes and volcanoes), and disasters which are

"regular" i.e. seasonal with some warning (such as hurrkanes or floods). The physical

characteristics these events and the structural damage they cause is summarized in Table 2-1.

Cuny (1983. p. 44) observes that while "no two disasters are alike," different kinds of disasters

can have a number of disruptive effel:ts. which in turn cause characteristic problem'\ and needs.

These are of four kinds:

i) environmental.

ii) medical.

iii) social and economic. and

iv) administrative and managerial.
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T A8I_E 2-1 Physical Damage Caused by Natural Disasters

.:arthquakes (tremors. soil liquefaction. ground rupture and failure, tsunamis):
Fissures - damage to buildings, roads. dams and bridges.
Landslides and avalanl:hes - buildings. roads etl: buried. foods from temporarily blocked
rivers.
Liquefaction and l:ollapse of underground geologil:al structures- damage to buildings.
underground and surface structures.
Tsunamis - flooding and impact from giant sea-waves

Cy~lones, Hurricanes and Typhoons (high winds. intense rains and storm surge I:
Winds - damage to buildings. power lines and water towers.
Flooding from run-off and surges - damage to buildings. roads and bridges.

Floods (inundation):
Erosion - undercuts foundations
Mud slides - buries buildings and other surface structures

Volcanoes (blast, ash and lava):
Blast· destroys buildings and other surface strUl:tures
Lava Flows - buries buildings and starts fires
Localized fissures - damages buildings. dams and bridges.

(adapted from Cuny. IYX3. Tables 2.1 - 2.0).

Unless a natural event such as an earthquake causes significant damage in one of these

categories. it remains merely an "interesting geologkal phenomenon" rather than a natural

disaster. In this sense. whether or not the event is to be classified as a "disaster" will depend

on the extent of its human-related sel:ondary effects.

While the present study is concerned primarily with the social and economic impacts that can be

measured in economic terms - the approal:h to evaluating these must interface with other aspects

of the disaster. Moreover. since it is apparent that most disasters have the potential to cause the

full range of problems - albeit with different specific impacts (in terms of the type of damage or

costs of recovery), any planning instrument whkh can usefully address the economic

consequen<::es of one type of disaster is also likely to be of use for others. Thus. although most

of the literature referred to in this report is concerned with the impacts and recovery from
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earth\.juakes, the aim is to develop tools that l:an be used for other types of disastt'T reuwery

programs, induding those whil'h arise primarily from tXOnomil l'JUSeS,

TABLE 2-11 Immediate Ecunumic Consequences of Disasters

Earth4uake Cydone Flood Yak-ano

Migration:

Temporary x x

Permanenl

Produdion:

Agril: ulture x x x

Industry x x x

Business x x x

Infrastrul:ture x x x

Marketing x x x

Transport x x

Communi(ations x x x

Based on Cuny (ll)X_~) Table 2-5. p 4K

Spedtkally. the ewnomil: I:Osts of disasters may arise from one or all of the following:

i) Direct costs of the disaster. whi(h indudes loss of l:apital plant and infrastru(ture. direl:t

loss of output. jobs and household inl:ome, and human resoun:es,

ii) Indirect custs of the disaster. whil:h indudes losses to other parts of the local el:onomy

and neighboring regions. not direl:t1y affel:ted by the disaster.

2-4



iii) Post-disaster costs, including recovery costs for reconstruction or relocation, and services

such as medical and counselling of victims.

iv) Proactive prevention costs, (against future disasters) including hardware such as meeting

higher building code standards, zoning of new construction, retro-fitting of buildings; and

software such as disaster forecasting, education and planning for safety or evacuation.

In principle, aU these items may be accounted for within an input-output framework. For

example, comparison of the anticipatory and recovery costs with the short-and long-run costs

(discounted to an appropriate base, and differences between the pre- and post-disaster situations)

allows various "cost-benefit" evaluations to be made. However, the way in which these items

are dealt with is important, since the economic impact of a disaster varies according to the types

of business and community impacted.

2.3 Recovery from Disaster

There are important variations in the way different economic activities and actors respond to

disaster - both in the immediate and the longer-term. In general, Cuny suggests that disasters

disrupt, rather than destroy economies. In the immediate aftermath, "during the emergency,"

people leave their jobs to devote time to disaster relief, and this may curtail nonnal economic

activities, even if sources of employment are not themselves damaged. Subsequently, attention

is given to restoring businesses. Whether or not an economy can recover quickly depends on the

losses sustained. Cuny suggests that the ability to sustain damage and recover, differs greatly

between formal and informal sector activities, or between large and small scale activities. For

larger enterprises, physical damage to business and industry may temporarily halt some activities,

but most enterprise can generally operate at reduced levels even with the loss of equipment - in

any case, Cuny suggests that the loss of employment is usually only temporary.

In contrast, the impact of a disaster is usually far greater on people who are "participating only

marginally in the economy, such as subsistence farmers, small shopkeepers and fishennen. After
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a disaster. it is not uncommon for many small enterprises to fail. For many owners, a disaster

can wipe out their not only their investments. but also their savings." While. the relative

irnponance of the large and small scale activities depends on the nature of the economy (city

versus remote rural. wealthy versus poor country etc.) as well as its composition, his review

suggests that, if possible. the scale of activity should be accounted for in the SAM.

This differential impact is not confined to poor developing countries. for example. in the Whittier

earthquake. the impacts seem to have been most severe on local. small business owners

(Tubbesing, 1989. p. 3). Generally. impacts are felt unevenly. This is recognized in recent

studies to :he point that a knowledge of the size-distribution of buildings in a disaster-prone

locality provides insights as to the likely extent of damage (see e.g. Jones and Lewis. 199Q). A

recent study evaluating the need for earthquake insurance in the United States shows that

typically. the majority of direct losses are to commercial. industrial and government owned

property and facilities. especially damage to utilities. transportation and communication.

2.4 The Developmental Context 01 Disaster Planning

Although the more immediate impacts of natural events and cost of recovery may be identified.

as above. several authors (see especially Jones. 1982) have emphasized that a disastrous event

is a crisis in the historical evolution of the economic system of the impacted region and that

"Reconstruction planning should be approached in the context of the continuum of the systems

evolution. Planning should guide the rebuilding so as not either to result in stasis in the system.

nor in excessive discontinuity. but rather the facilitation of development trends. At the same time.

it should improve the rapidity and efficiency of the process and insure that the reconstructed

system is less vulnerable to future earthquakes." Jones argues funher that in order to accomplish

these aims, reconstruction must take into account the trends that have characterized the changing

composition and spatial distribution of the population and economic activity within the region

and make use of the rebuilding process to facilitate adjustment to new requirements.
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Several authors I.:om:lude that" A strong IOl:al ;:--.:onomy is the best protel.:tion against a future

earthquake... by contrast a marginal community is alway, the mo;;t vulnerable. The eff~l.:t of the

re<.:onstru<.:tion <t<.:tivity on the local economy is a primary factor to be considered in planning the

reconstrul.:tion." A<.:cording to Aysan et al (I1)~N). there have been many well-d<Xumented <.:ases

where the re,,;onstruetion itself has I:ontributed to further economil.: dedine. exal.:erbating the

damage to the economy caused by the earthquake. and causing the vil:tims of the disaster to

become dependent on aid from the outside. In particular. they criticize the use of external

contractors in rebuilding. "This may lead to the collapse of the local building industry. be<.:ause

these contra<.:tors typically export profits and u,e non-local labor. <.:reiiling a "leakage" of income

from the local economy. By contrast. local contra<.:lors tend to employ loell labor who. in turn.

spend their earnings in lo<.:al shops and the local economy is perpetuated."

Essentially. Aysan et af (I YX'J) are describing here the multiplier processes which input-output

models are designed to explain and quantify. Thus they explain that ''The reconstruction itself

can be used to reinfor<.:e and revitalize local e,,;onomies." It is evident therefore that the recyding

of any external economic assisllince aid for reconstrm.:tion within the local economy is an

important principle in using the injected funds to bring about economic development.

Aysan et al (l9H<.J) arrue for a balance between a rapid reconstrul:tion program - whkh is likely

to involve a high level .'f leakages of this kind. with a slower pace in which external aid is used

to restructure the local building industry to carry out as much of the reconstruction work as

possible. In a large scale disaster. the S<.:ale of reconstruction activity is obviously way beyond

the normal capacity of lccal building industries. with the sudden massive demand for building

skills, material supplies and labor making the use of external contractors seem inevitable.

However. Aysan et al (1989) suggest that this sense of urgency (to bring about rapid

reconstruction) may be the result of perceived shelter needs and external pressures by political

authorities and aid donors. "The additional time taken (to plan for recovery) can be

accommodated within the recovery plan provided the objectives are well-enough understood."

The economic basis of a city needs to be rebuilt. not just it.. fabric. People need jobs and income

to afford to contribute to the reconstruction. Recovery planning sh(luld consider how badly each
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employment sector is hit. and prioritize the use of reconstruction funds to revitalize lost

employment and damaged economk production."

2.5 Poverty and Culture Related Impacts

Cuny (11)~3) emphasizes that the M:ale of impal:t of natural disaster too is a developmental

phenomenon. in that much of the damage is a result of long-run mal-development He states that

in developing countries. the magnitude of each disaster in terms of deaths and damage I:osts has

increased due to recent and rapid urbanization. For example. extensive squatter settlements

constructed on land subjel.'t to landslides or flood. millions of families worldwide have become

vulnerable to a range of natural disasters. He suggest.s that "recognizing poverty as the primary

root of vulnerability and disaster in the Third World is the first step towards developing an

understanding of the need for change in current disaster response practices." Although the

present project is not com:erned specifically with wider issues of development per se. or only

with natural disasters in developing countries, it is the poorest families and the informal sector

that are most severely impal:ted. In general, poor and large families had the greatest difficulty

in recovering from a disaster (Bolin and Bolton. IYX6) - typil:ally they have fewer savings.

political empowerment or other means of coping with trauma.

The principal diffil.:ulty in representing this strong association between pvverty and

underdevelopment in a SAM is the paucity of suitable data. Nevertheless, several SAM's have

been construl:ted for developing countries, and a number of industrial 'ountries whi~h indude

many of the necessary details. Even when no explil:it data are available. the informal sector may

be represented. for instance. by estimating its size (in terms of output or employment or as a

share of household im:ome) and then assuming a cost structure similar to that of small businesses.

Usually some information related to the latter is available.

A closely related issue here is the association between ethnicity and the impact of disasters and

reconstruction programs. Bolin and Bolton (1986). for example. conclude that in the Coalinga

earthquake. Hispanics suffered the highest levels of damage and the lowest levels of economic
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recovery. While some part of the ethnicity related impacts and responses may be correlated

directly with the relative poverty of victims. distim:t cultural behaviors must also be taken into

account. Tuhbesing (IYXlJ). in reviewing the emerging lessons of earthlJuake reconstruction

efforts. provides examples of this in the Soviet Union. Mexil.'o and the United States,

The "I:ulture related" aspe\:ts of disasters involves a mix of el:onomil' and institutional issues

which often come to the fore during periods of hardship (such as the aftermath of a ndtural

disaster). From the el:onomil: standpoint. it is almost inevitable that a disaster will affect

different ethnic groups differentially, Many societies are multi-I:ultural and comprise peoples of

varied ethnicity and cultural heritage, This is reflected in a segmentation of el'onOlnic roles.

income differenl:es. I:onsumption patterns. geographic l'onl:entrations and the like across

identifiable ethnic and other groups (Horowitz. 1(71). The resulting cultural division of labor

typically exhibits complex vertical and horizontal segmentation across groups, With the

horizontal division. I:erlain groups predominate in particular industries - a particular group :I.LlY

both work in and own the industry. With the vertical division. certain groups occupy jobs of

particular status or those requiring particular skills. In either case. ocl:upations and ownership

may be closely linked to the regional, age or gender divisions within a distinct ethnic group (see

e.g. Cole. IlJXl)).

Because different groups manifest contrasting attitudes towards insuring against. and dealing with

disaster (such as migration or local economic support systems). as well as different work habits

and lifestyles. their needs should be accounted for explicitly in disaster relief programming. This

suggests that the usefulness of the s'Xlal accounting matrix will be im;reased if the population

affected by the disaster can be sub-divided in the model in a manner which reflects the needs of

the various socio-economk and cultural groups of the region. as well as the situation of spedfic

minorities. While this again may pose difficulties be<.:ause of a lal'k of data. it is general I

possible to take some account of this aspect of socio-e<.:onomi<.: structure.
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2.6 The Institutional Context of Disaster Planning

Tne last I.:onsideration also raises a number of institutional issues, related to the way in whil"h

planning tools sm:h as the "event arrounting matrix" will be used. The I:uhural division of labor

and ethnir differenl"es may be dosely relaled 10 polilil':J) differences. al'd the ability of the

I.:ommunity to respond to events (see Tubbesing. IYXl»). For eX:Jlllple. Ml1eti (Il)~N. cited in

Tubbesing) observes that in the re~,:ent Armenian disaster, ethnicity played a major role in

coloring how earthquake victims. perreive and real·t to recovery programs. and suggests that.

given the ethnic diversity in the United States. "Publil.' response .. ,would likely to be splintered

and direl:ted by the ethnic identifil..'atioll of vil:tims."

Several authors warn a!!ainst failing to involve all local inteft,·s!s ill the reronstruction process.

Cuny (Il}X3. p. 1(4) in reviewing lessons from the past conrludes that "The subjer! of disaster

assistance has been viewed predominantly from the standpoint of the intervenors. Thus many

of the l.'ommon relief approades have evolved in ways that fa,:ilitate delivery of relief assistance.

If agenl.:ies are to provide effenive aid. they must view disaster assistance from the standpoint

of the vic.:tims and their requirements." He observes 'po 20 I) "Often in the rush to provide

assistance, agenries will undertake programs without considering their al..'l..'eptability to the

victims. There are numerous examples of vil..'tims rejecting aid offered by intervenors. both

governmental and non-governmental. The reasons may be that the aid is culturally una"'l.'eptable

or too costly."

Cuny (p. X6) point~ out that a l.'ommon myth among disaster relief agendes is that disasters wipe

out indigenous coping mechanisms so that local formal and infonnal institutions are not l.'apable

of functioning normally. In fact. he suggests that quite the reverse is true. and that aid programs

often serve to disrupt indigenous I..'apability and to undermine it" credibility in the community.

He concludes (p. 20 I) "rel..'onstrul..'tion is a complex process and often involves sophisticated

tel.'hniques and acti.... ities with whil.:h local groups will need assistanl.:e. Providing assistance at

this point is a meaningful role that intervenors can play."
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The way in whil:h this empowerment may best be Jone brings together several issues raised by

the authors dterl above. The need to ad swiftly to deal with the immediatel:Onse\.{uences of

a disaster, must not undermine the longer term efficacy of the economy (as Aysan et al IlJXI.J)

or the local institutions. especially when it may be possible to transform some aspects of the

disaster into positive development opportunities. However, JS Jones (Il)Xl)j emphasizes. If the

measures taken to ameliorate the effects of natural disasters are to be as cost-effective as

possible. it is necessary to have a framework for evaluating individuJI al,tivities and packages

of polides within a regional economic context. and Within a broader planning framework. Thus.

he concludes that, "Analytic techniljues must be applied rapidly to develop a sufficiently

profound comprehension of the nature of the spatial system in the impal"led area and the way in

whirh it has been transforming over time." Thus while there may be good developmental

reasons to time-phase the process of re~;onstrU\:tion. so that the locality recovers in the most

favorable way, there is a need for tools which as soon as possible assist in the short-run

decisions which will facilitate long-run recovery, It is nCl'essary for analysis to be both speedy

and relevant.

The need for quick a~cess to daw and analysis is apparent. Toki (IYXY). contemplating the

dis'ister planning requirements of Japanese cities says. "A prompt grasp of the extent of damage

and prompt determination of the most effective plan for carrying out restoration and

reconstrul:tion activities in the dam4lged city are essentia1...a well thought out procedure for

implementing reconstruction plans must have been decided upon or done well ahead of a

disaster. "

2-11



SECTION -'

I>ESU;!'iI:\(; TIlE :\IODEL

J.I Econumic Structure and Input-Output Mudl'ls

SOl'ial A-.:\.:ounting M<ltriu~'" <Ire <I developml.'llI of the Input Output table, invented hy WiJ"i1y

Leontief in the IlJ:,"', al1l1 an~ lluantified de,uiptilll1\ Ofl'l'Onomil' ,trulture', They shlm the

flows of goods. "'Cl\iu:s <tnd in\.l1me bet\ll'1I1 the lariou, ader, in sOl'iet) <tnd Jre used to

demonstr<Jte how importJ ,t ~h;JI1ges in a hxality <tIled the l'l'onomil .... ell· king lit its pllpul<ttion,

For example. they Imy be used to -.:akulate the employment or finanl'ial Il1S' ...hould a particular

allivity or linkage ill the e.:onomy be lost through a firm c1thing oown. or how much an

el'onomy may g<lin thfllugh J new al'livity startillg up, Sudl a dt'\ ice is obl iously uSt'ful also for

assessing the economic damage resulting from a natural disaster such as an earthljuake or a

typhoon. or human-made disasters such as an oil-spill or civil war. Indeed. a number of <luthors

have used e\.:onomi-.: models, in-.:luding input-output tables 10 calculate the impal'l of real and

hypothetkal natural disasters on e-.:onomies. and propose alternative re\.'lwery 'Su~narios."

All input-output models are a lluill1tified description of the network of el'onornil: transal:tions in

a society. The entries in Table 3-1 measure the amounts of money paid by the "actors" in the

eeonomy - production adivities. households. government and overseas Illterests - to each other

over a year time period. The layout of entries in a typi-.:al table is shown opposite. In this table.

the top left hand entries are payments bet.... een produl·tion activities: the entries below show

payments to workers and entrepre~leursand how this is distributed to households and busll1esses,

The lower left entries show imports and profits repatriated overseas, The middle ~ntries show

expenditures by households and government including personal tax and publil' welfare. Entries

to the right show earnings from overseas. The row and -.:olUI11II totals for ead ac;tor are

respectively their total in-.:ome and total expenditures; these are balan-.:ed so that any net

imbalan-.:e is rewrded as a net saving or loss. Key physi-.:al data, in partil·ular, employment by

oc-.:upation and population are a;>pended to the bottom of the table, together with additional

information about household and wage distribution.
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By wnstruding appropriate input-output lJbles and manipulating the information they I.:ontain.

it is possible to evaluate how speLified events. sUl'h as the failure of an industry or lifeline. will

affel:t each al.:tor in the eLonomy. For the demonstration. exampies have been Lhosen to retlel:t

key aspel:ts of natural disasters such as the failure of major industries. the impad on spedfil:

population groups, the failure of major inler-regi,)J1<1) lifeline". the cOI1.sec.juences of defel:tive

recovery programs. and the searl.:h for more appropriate alternOltives. In eaLh \:ase. although there

a~e some I.:orlventions as to what is to be induded. in any pOlrti\:ular situation. the details

represented depend on the key features of the economy. the rec.juirernents for the model and the

availa~le data.

3.2 Simulating the Economic Impacts of Disasters

The po.~sibility of simulating the effects of a natural disaster. and the rel'onstruction strategy. in

a given input-output table depends on a two prinl'iple I.:onditions. First. whether the table

includes items relevant to the disaster. and second whether the method I.:an retlel.:t the I.:omplexity

of the disa:~ter or the proposed reconstruction programs.

Input-output tables are most widely u~ed to estimate the impal.:t of single events - such as the

opening or dosing of a business. The most wmmon means of cakulating the impad is to base

the calculation on previously l:akulated employment or gross output multiplier for the local

a.:onomy. The multIplier for the business is taken to be the same as the average for th~

produl:tion sector to which it belongs. For example, if jobs lost or gained directly is J. and if

the employment multiplier for this sector is M. then the total loss of jobs in the economy as

whole will be J x M.

This procedure rests on a number of a~sumptions. in particular that the technology (cost structure)

of the particular firm is the same as the average for the sector as a whole. Since all businesses

are different, the l:alculation is much improved by taking explicit al:l:ount of the details of the

business (ie how much it al:tually pays workers. buys from other local busine..ses. pays in taxes.

or imporls from outside the area). Usually this additional sophistication is added by calculating
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the effect of the loss of income to each of these actors separately (using the previously calculated

multipliers) and adding them to the direct impact of the original change. The same principle

applies in calculating the economy-wide impacts of a natural disaster.

In general. in the circumstances following a natural disaster. some of the assumptions used in

standard input-output calculations must be modified. For example, if businesses are only partly

damaged, but in such a way as to change the composition of inputs (for example, additional raw

materials are shipped into the region), there will be a change in technology within each affected

sector. In this case, the standard multipliers for a particular activity may be unreliable, and it

will usually be necessary to use a more sophisticated approach. For a "simple disaster" ­

resulting in the partial failure of one or more production activities, the second method mentioned

above may be sufficient to estimate the indirect impact of the event. This approach may be

extended to changes in the demand-side of the economy. For example, a disaster may have little

direct effect on production activities, but very great impact on demand - say, if many homes are

destroyed and a good proportion of the population temporarily or permanently migrated from the

area.

However, even this approach is likely to be insufficient for simulating a wide range of natural

disasters - especially where there is a complex of events arising from the partial failure of several

activities, resulting in a more general failure of the economic network as a whole. Here, it seems

more appropriate to proceed from the fact that input-output table is a network representation of

the economy, and to "map" the direct effects of the disaster onto the economic network.

Moreover. if the recommendation to conceive of reconstruction within the framework of an

ongoing development process (Jones, 1989) and to transform the tragedy into an opponunity to

construct more forward looking development plans (Aysan et ai, 1989), then evidently a more

sophisticated approach is warranted.

The technique adopted for this project rests on a time-dependent approach for conceptualizing

and solving input-output tables. The method is considered in more detail later and in an

appendix. From the point of view of assessing the economic damage arising from natural
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disasters. the advantage of this method is that it provides a more straightforward solution of

extending input output tables <than the ~l'mmonl)' used "matrix de~oJl)position" method) and.

more espe~ially. it enables the magnitude and time-s.:ale of failures and subsequent re\:onstru~tion

eHons to be straightforwardly integrated into the solution of the so~ial al:l.'ounting matrix. The

essential theory of the method is desGibed below, First. however. it is ne.:cssary to consider the

~haral:teristi.... time-scales of disasters and reconstruction. and which ....an be a\:colTunodated

satisfa\.'torily by the te\.'hni4ue,

3.3 Time-scales fur the E\'ent and RecO\'ery

Rates of recovery from disasters arc usually specific to the location depending. for example. on

the mal!lTitude of the earlh4uake. assol.'iated geologl\.'al factors (such as landslides). the

I.:omposition of the lo\:al el.:onol11)' (lI1du-;try. publil.." servi\:es and demography). the extent of

proadive planning and the availability or re....overy scrvkes. and the relatiol1~hip with the external

world, Broadly speaking. the time scquen.... ing of ewnomil: events enl:ompassing the disaster may

be sub-divided a, follows:

i) Immediate and Short-Run Effects

ii) Restructuring and Medium-Run Effects

iii) Long Run Developmental Trends and Opportunities.

With respect to i), the SAM provides an estimate of the impact on the whole e....onomy of the

partial or total breakdown of individual a\:tivities. lifeline network.s, external supply links and so

on. whii:h are induded in the event map, and the way these build-up over time. Although these

may be dassed as "immediate or short run," the full impal:t may take se\'eral years to peH.:olate

through the economy since there are always considerable lags in transmitting indir~t effects

through any economy. For example. in normal dn:umstances, businesses and people may have

stockpiles of raw materials or savings sufficient for several months and. if these are not

desuoyed. the real '\:risis" may be delayed until these are exhausted, Clearly. then the immediate
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impacts interact with the medium term restructuring effons, and because of the growth of indirect

impacts over time, the severity of the disaster may be worse than at first sight

The time-scale for reconstruction depends very much on the strategy for reconstruction that is

adopted. Again these may be "shon" or "long tenn." Cuny (p. 202) distinguishes between

strategies which provide aid to victims until they recover and strategies which help them to

recover. He notes that relief programs which concentrate simply on helping victims until they

can "get going" again, in general, have little impact on the overall recovery time. "Helping

people to recover, on the other hand, can demonstrably reduce recovery time. Such programs

provide the resources needed and generally concentrate on longer-tenn objectives." He also

recommends approaches which facilitate intervention both in the emergency as well as the

subsequent transition and reconstruction phases. "The strategy is to identify and provide those

resources or actions that can accelerate recovery." Typical actions are the provision of building

materials for temporary shelters that can later be incorporated into permanent housing: stimulation

of markets or the normal economic systems: the setting up of work programs for victims that not

only provide resources but also accomplish reconstruction objectives. "In shon. to accelerate the

recovery process, agencies provide or restore the infrastructures of a community, provide the

materials required, and make opportunities for the victims."

This approach is echoed by Aysan et al (1989) and Jones (1982) who also argue that there should

be an overall structure to long term recovery and reconstruction plans, and that recovery should

be viewed as part of an on-going development process. Input-output type models are somewhat

circumscribed in terms of longer term development strategy. This is because, even time-varying

models such as that proposed here, do not take account of some dynamic and market-oriented

processes. These include, for example, changes in competitiveness or levels of investment locally

as a result of improved productivity. Such processes are likely to become important if the long­

run aim is to improve the self-sustainability of the local economy. Nevertheless, the models are

entirely appropriate for evaluating and comparing the variety of disaster-related economic

activibes, impacts, reconstruction programs, and aid and assistance packages considered above,

over the shan and medium run, and indicating opponunities for longer-run change.
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3,4 Categories in t he Impact Model

The above discussion suggests that a natural disaster an;ounting system should ''sub-divide''

households by level of income or, better (and if possible), by ethnic identity, gender or social

affiliation. Similarly. sedors ot produ~:tion should highlight correlations with particular

households, and to highlight critical relationships between skills, ownership and l'Jnsumption. and

the internal lifelines and their links with the outside world. Empirically and theoretically. this

is a challenge. Fortunately. constructing a useful slKial alcounting matrix docs not rC4uire the

"accountant's mentality" that every penny matter....

In any case, there is no doubt that in l11os1 small settlements and IOl'alities (as well as the largest

countries sUl.:h as the United States or India). a good dt'al of the economil.: activity !l0es un­

accounted. Inl:omes may be rnisreported or belong to the informal or underground economy. As

far as possible it is better that social accounts show all the essential links between produl·tion and

distribution activities in the area and the regional division of labor. rather than omit activities

bel:ause detailed official statistil:s are not available. If a fair approximation to the structure of the

full el:onomy IS achieved. then the accounts should provide a reasonable starting point for

assessing the irnp<ld of major disasters or consequenl:es of rewnstrul·tion poliL:ies.

In building a model to I:akulate the effeL:ts of natural disasters and rCL:overy programs, the aim

is to use available data so as to introduce as mUl:h "socially relevant" variat:on into the matrix

as possible. Given the earlier disL:ussion. it is desirable that the social aL:wunts indude the

following charal:teristil.:s:

(i) Households by lype (high incomellow income, ethnicity. gender. etL:).

(ii) Major economiL: sel.:tors by type and ownership inl'luding links between sel.:tors (sul:h as

agriculture, public utilities. local industry and services. and export activities such as

mining and tourism).

(iii) Differences in production tel:hni4Ues within sectors (for example. sub-divided into large

and small enterprises).
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(iv) Employment by level of edul'ation and ol:l'upation (sul'h as administration. deril'al

agril:ulture. prodUl.'lion or sales ""corker).

(v) Inl:ome of households by sourl:e (wage" investments and trall'.. fers).

(vi) Consumption, savinp and other expenditurn by hou~ehold type,

(VIii Government inl:olllt· and transfers (l.'entral and 1(K'al agelKiesl,

(viii) External payments (e,g. repatriation of profit, and development assistanu').

.lS Layout uf a Social Accuunting Matrix

The layout of the information listed in i) to viii) abon: is given in Table ,:\-1. In any partil:ular

situation. the d.:tails would depend on the key fe"tures of the el:Ol1om)', the requirements for the

model and the available data. The actual entries "re the amounts of money paid (ill local

l:urrenl:Y) by the various el:onomil: al:tors - produl.'tion al.'tivities. hou...eholds. government and

overseas interests - to each other over a year time period. In the table, the top left hand entries

are payments between produl,tion activitie,; the entries below show payments to workers and

entrepreneurs and how this is distributed to households and businesses, The lower left entries

show imports and profits repatriated oversea ... , The middle entries ... how expenditures by

households and government induding personal tax and public welfare. Entries to the right show

earnings from overseas. The row and column totals for each actor are respectively their total

income and total expenditures; these are balanced so that any net imbalanl:e is rel:orded as a net

saving or loss, Key physil:<11 data, in partil:ular. employment by ol:l:upation and population are

appe;lded to the bottom of the table, together with additional infonnation about household and

wage distribution. (An example of the SAM aCl:ounts is given in Section () below).

3.6 Cunstructiun uf the Social Accounts

In most situations, the conslrul.:lion of a sOl:ial alxounting matrix for a 1000ality impal.'ted by a

disaster would not begin from raw survey d... ta, but be based on an existing input-output table for

the nation or region I.'ontaining the locality, or if neither was available, from a matrix for a

similar el.:onomy. For example. input-output tables for states or counties in the United States
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usually begin \\-ith the !l)XI United Sta(r~ input-output tabk, Tablt: ... for islands in the Clribbean,

for example. may be ba~rd on tables from other i"land .... during the Jl)()(I's a ulll ...idl'rable dlllOuOl

of data were "shared" when 1:l1lNrueting the tlliginal Euwpean national input-output tables, While

the wbks construl.:ted hy national planning offil:l'S and illlL'rI1ational agelH:ie ... sometirnt·...... ub­

divide ...ome industries <lnd hou...ehold ... alon)! the line ... indil..'ated 41bov .... the majority conl..'entrate

on providing great detail on the produl:llon side of the (,I.:onomy, \\- ith rather few subdivision ... on

the demand-side, Nevertheless, severOiI international agencies (previou ly the World Bank) dnd

independent agencies and researl:hers have nmstrueted sOl.:ial Jl:l.:tlunt following the work on

sOl'iiJl al:l.:oullling initiated by Stont', Construdion of these tallies already poses m~Hly empiril'al

problems similar to those fiJl:ed in building input-output tables generally - prohleills of

il1l:onsistent or inadcquiJtt.' definition. data from diffcrt'nt ...ouru:s are incompatible. data art'

available only for different years, data have been over-aggregated at source. key qucstiom \\-ere

omitted from the original survey. samples are inadequate, re"pondents are untruthful. and so on.

The data rCljuired for a SAM and the appro<.ll'h to l·onstrw.:tion will be nmsidercd in more detail

later. It is not necessary at this stage to discuss these details. ex\,'ept insofar as they illustrate

general pfilKiplcs in constrUl.:tiol1 of tht' social J\,\:ounh, Tht" cOl1strul,tion of a detai led set of

social al..'coul1l... shares all of the problems of construding If1put-output tables generally. plus a

few more, Moreover, the details of nl/lstrUI..·tion tend to be very spC'cific to the locality

Lonsidered.

A number of sO-\,'alled "rne\"haniLal" techniljues are available for resolving ilh.:onsistenLies in data.

updating existing tables to al:l:ount for more recent or more reliable data. or generating a table

for one region from the table for another. The methods described in Appendix A have been

adapted to the needs of the present study. and Lould provide the \:Ore algorithm for developing

local area social accounts suitable for natural disaster at:couming. Inevitably. however. a certain

amount of judgement enters into the way in which inconsisten..:ies are finally rCl.:ollciled, and it

is largely for this reason that some familiarity with the economy Lonl'erned is essential. For this

reason also, it seems unlikely that a useful SAM could be built in a purely mel.:haniLal fashion
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(using only an algorithmil: approal:h), but re4U1res a more sophistil:ated l:ombination of

medanil:al and heuristic methods.

3.7 Representation of .. Lifeline" Systems

Many authors point to the importanl:e of lifeline system, to el.:onomies and their vulnerability to

natural disasters (Karneda and Shinozuka. 1l)~N). Most e~onomil: tran,adion, depend diredly

on physil:al lifeline systems - for example, purchase ... of power and water hy husinesses and

households. the tru~king of goods between industrial areas and to markets, the flow of

information within and without the region via telewmmunil'ution links. Even though, in many

situations the direct impact of a natural disaster affel:ts a very limited part of the el.:onorny with

only a small number of auivities sustaining physil:al damage. espedally in the I.'ase of lifeline

al:tivities, sUl.:h as transportation. water and power supply. and the like. the indirect effel:ts l:an

be ubi4uitous al:ross the whole 101.:<.11 (~vlllomy. Toki (]l)Xl). p. I) observes that. "When. for

example. one section of a lifeline system whil:h is ;In important part of urban funl.:tions is

disrupted, the entire system l:eases to function over a wide area. SU\:h disruptions tend to ocl.:ur

simultaneously in many plal:es during major earth4uakes." Because they describe an el:onomk

network, input-output tables are espel:ially appropriate for estimating the extent of the generalized

el:onomy-wide I.:ollapse as a conse4uem:e of the failure of a spel:ifil.: activity.

Nevertheless. simply bel'ause lifeline systems romprise networks l:overing the entire region. and

the behavior of the goods and information delivery systems \. ansportation and l:ommunication)

is dispersed arross the input-output table. its representation in the table and the way in whil:h the

behavior l:hanges following a disaster deserves partil:ular attention. In partil'ular, although all the

lifeline items - at least those for whkh some payment is made - are represented in an input­

output table. they may not be treated in a manner that makes them inmlediately amenable to

analysis.

Accounts sub-divided as in Table 3-ll:an represent well the existing (i.e. pre-event) cirl:umstanl:es

of an emnomy. and some of the I:hanges arising berause of damage to the technological system
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(e.g. levels of output by sector ... ) or the institutional sy ... tl'm (e.g. an inability 10 distribute

resoun:es). or some types of darnilge to the economic net\\ork. However. in order to represent

satisfal:torily specific systems (su~'h as "lIfeline" sy ...tenb) that are internal or external to the

locality. it may be nen~"sary to "ub-divide "ome parts of thl:' SAM further. In this ca~ it Illay

be necessary:

(i) to introduce new sector... into the SAM to in order to make lifeline linb within the

locality more explicit, or

(ii) to sub-divide the ,ocial accounts geographically to sho\\ expli~'it link ... bet\H'en the

IOl:ality ;lI1d neighboring regions.

The difficulty in rq1fe ...enting dalllJge to the econollli~' net\\ork is partly a matter of accounting

I:onventiuns in the way data are categorized in 1:<1Ilwntionai input-output tanks, For eXillllplc.

although a transpol tation sector is typically included in mtht tables. the entries between any other

production al:livity repre ...enh the payments hy that af,:tivity to tran!'.port ~·oll1panies. While thi!'.

payment would obviou!'.ly be lost !'.hould the trilllsporl sedor be damaged, more important to

understanding the effel't of this failure is it!'. effed on the flows of goods between production

activities. In an input-output table this is mea"ured by the transal:lions between produdion

Sel:toni. for example. between agril:ulture and food processor. or betwet:11 the latter and retailers.

This means that simulation of changes in lifeline !'.ystems in an input-output table must be

perfonned in an appropriate manner. In the context of a di"aster planning exerci,e involving

people with expert knowledge of the local lifeline systems, the most appropriate approal"h is to

assess the spef.:ific implications of lifeline failures diref.:tly in terms of the f.:ategories inl.:luded in

the matrix, For an integrated "expert" system ("uch a" that con,idered later) it would be

nef.:essary to construct a transformation matrix to convert phy"ical lifeline t:hanges inlo their

el.:onomif.: equivalent" (equivalent to a "make-matrix" between ~ollunodity and production

categories ).
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3.8 The Event Accounting Matrix

The above discussion suggests that four kinds of cakulation involving different levels of

sophistil:ation IlIay bt: re4uireti to evaluate the various impaC!s and reconstruction programs:

i) estimate the loss in output. employment in inl'l)llll' diredly .JI1d indiredly as a result of

the "simple" disasters. For example. where some production c'apacity is lost. hut til\'

average technology used remains the same,

ii) more "complicated" disasters where the c'omposition 01 inputs to parti..:ubJ wdor, or

households is danged in a non·linear fashion.

iii) as with ii). but taking an:ount of recovery or re..:onstrudion of the adivit)' mer soml'

spel:ified time period,

iv) as with ii i l. but recognizing that the renwery is part of a program \'0 hich IIlcorporates

rel:onstrul:tion into a broader development strategy (ie deals with aspeds of the enmolllY

not affel:ted by the disa'terl. and which. in particular. IS desigllt:d to enhance the

robustness of the economy against future disaster.

As I:onsidered earlier. a natural disaster is likely to pose a suffidently complex set of I:hanges.

and that these are not dealt with satisfactorily in standard input-output models or by the stallliard

methods of solution. In many situations, the linear assumptions for interlllt'diate and fmal

wnsumption assumed in i) will be obviated by the I:in:umstances of the disaster. To take a rather

simple example. if the power networks (generating or refilling capacity) are destroyed, but water

and transporilltion relatively unaffel:ted by the disaster. then it may be possible for the necessary

fuel to be shipped into the region. In this case. the "technology" represented in the input-output

table should be changed to show that inputs of domestic' fuel has changed. Moreover. since this

miJY be a temporary event with the expectation that domestic power systems will be brought up

to fulll:apal:ity after a spel:ified period. this too should be induded in the longer run I:akulation.

Beyond this. it may be that the recovery strategy involves an expansion. and an upgrading of the

power produl:tion system. In this case. both the level of produl:tion. and the tel:hnology used are

to be adjusted.
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In general, to extend input-output ~akulations to deal with non-linear behavior signifil:antly

complicates analysis. and also undermines one of the most attractive features of this type of

analysis, namely its intuitive and analytic simplidty. For present purposes. however. a suitable

extension of the linear method may be used whid' allows discrete non-linear changes (such as

those immediately following a disaster). and steady changes (such as those during restructuring)

to be accounted for. This involves specifying an "event an:ounting matrix" (EAM) - essentially

a Ulble with entries corresponding to those in tht: so~ia) accounting matrix. which are added into

the solution of the SAM when multipliers and other indirect effects are calculated.

The EAM provides information on the intensity of the impacts to each adivit)' and transaction

and the response (or recovery rate) of each activity or transaction. Formally. the event matrix

might show:

i) the proponion of each transaction not affected directly by the disaster.

ii) the time taken for the transaction to recover to its previous or some specified

level.

iii) the new level (if different from the old level).

In effect, this provides information with which to modify the existing SAM. The precise fonn

of the event matrix may vary (although it must be consistent with the SAM and the method of

calculation). The formal strul:ture of the I:akulation. and the approximations it entails are

dis\:us~ed in Appendix B.

An important aspect of recovery programs is to redu(e the vulnerabilit)' of the locality to further

disasters. In terms of individual structures. this is dealt with, for eKample. through new building

codes (e.g. Cuny, 1983). With respect to lifeline systems. various "systems" principles are

re\:ommended. For example. as Kameda and Shinoluka (l9H9) advocate, "Tne earthquake

disaster problem of lifeline systems involve not only earthquake resistant construl:tions of

individual components but also system recovery with the aid of network redundanl:y. bal:k-up

facilities. and restoration work. that are to be followed by re\:onstrul:tion and improvement for

3-13



the future eanhljuake." The same prirl\:ipks thai apply to th~ d~sign of a robust lifeline network

also apply to the regional enmomic network us u whole. However, there may be economic trade­

offs associated with this, for example, the dispersal of vuln~rable ani\iti~s may lead to a

redut:tion in economies of st:ale (i.e. under normal conditions some ~ooos ano servin>s may

become more expensive. although the costs resulting from of periodic disasters is reduced). Th~

l'ost of such insurance may be partially tested through the SA M l1l~thodology, adapted to tak~

at:t:ount of diswunted t:osts and benefits, Althou~h this is not l"onsider~d further in this report,

it appe.!rs to entail a straightforward extension of the method d~scribed in APP~l1dix B.

3.9 Huw Accurate dues the Model Have 10 be'?

Um.:ertainty in the predictiolls arises from two sources:

i) Uncenainty from outside the model about the direct el'ollomit: effel·ts of the

"event" (e,g. from an assessment of the physical damage and the translation of this

into direl't economic impacts, uncertainty as to the level of assistance. the future

prodUl."tion capacity of the region. or uncertaillly as to future trench in demand for

local products).

ii) Uncertainty from inside the model bet:ause of rigid or inadeljuate data or

assumptions in the relationships in the model. or how it is solved, which cause it

to misrepresent the likely response of the economy to external shocks and policies.

(For example. businesses may respond by adapting technologies or households

change their consumption habits in a way not covered by th~ model).

Typically. a planning model may be used to provide a range of forecasts, For example. central,

high. and low predictions based on alternative expel:lations about the i) - the direl:t consequences

of the disaster and the recovery polkies, Forecasting "errors" as in ii) may be in the form of

random uncertainties (e.g. arising from sampling errors in the data base used) or systematil.: biases
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(e.g. the data reflect the historic. rather than the wrrent situation). In either ~:ase. these may be

a<:i:ounted for providing their magnitudes are known and understood.

In the i:in.:umstances of a natural disaster. with i:onsiderable unl'ertainty as to the full extent of

the immediate damage and the need to develop a workable recovery plan o\cr a rather short time

frame, it is impossible that any elOnomil' model i:ould make "ai:i:urate" forecasts. What matters

here. of i:oursc, is that the model should be "reliable" in the sense that decisions taken about the

rel'overy strategy should not be rendered "inmrred' because of lack of precision in the forecasts.

For example. the model may be used to estimate the total loss of employment in the Icxalit\' as

a whole as a result of the disaster, and then to presuibe the level of some new activity required

to restore employment to the former level. This would then determille the :Jmount of temporary

assistance or re-investment needed. Clearly. the planning system and the enmomy have a <:enain

degree of IOlerani:e to um:ertainty in these forecasts (for example. through built-in "network

redundallcy"). but beyond a certain level this unmanageable.

A low <:entral forel:ast whil:h proves to be correct. but with a very high upward uncertainty <:an

be as unan:eptable as a forel:ast with a small upward uJlcertainty which turns out to be lOa low.

be<:ause both lead to wasted e<:onomil.: resoun;es. For example, a lifeline system may be designed

with :.1 limited degree of over-<:apai:ity to take an:ount of eXl:eptionally high growth demand.

Beyond this, it may not be possible to deal in a cosl-effel.:live way with the overload. Ir. this

<:ase, there is a technologi<:al l:onstraint on dealing with the ina<:<:urate forecast.

In general. un<:ertainty be<:omes unmanageable when a scxiety lads the flexibility to deal with

it, either technologil:ally or institutionally. or both. In many l:ases, a response may be

te<:hnologi4.:ally feasible, but institutionally unacl.:eptable. As indi<:ated by Cuny, for example. it

may be una<:l:eptable to accept l.:ertain kinds of as~ istam:e from parti4.:ular outside groups.

Similarly. it may be quite feasible to I.:onvert religious fadlities to commer<:ial use. or re-Io';ate

a stril.:ken <:ommunity in another area. But if the populations are opposed to the re-use. or have

histori4.:ally been adversaries. these "solutions" may be poinkally infeasible. In this case. an

alternative approach may have to be found. Provided the model «.:an make forecasts whi«.:h are
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reliable within the context and awareness of a knowledge about the.se fade)rs it may be

nlllsidered sufficiently reliable. These considerations art' ",ul11maflled in h~ure 3-1.

3.10 Alternathes fur an "Expert SJstem"

The final considnation inthi ... St'\lillil " lhe pI ....... ihlt· nenllJdl 'Hbpli.llillnllf the SAM Jllethod inn

an expert system approach. Both methOlh for cOINruCling and applying the SAM are considered.

Input-output tables essentially des~;ribt· the network of flo" ... and linka~es in an economy in Jl1u~;h

the same way that other kinds of network representation ... are ust'd to de"'~Tilx' 110\\ ... in an air

traffic or water distribution ...y...tem The...e last netv. orb are used Il) help under ...tand how to

improve the performalh:e of tran ...port or service sy ...telll.... and hUH' Oecome the ba.,i., of some

"expert systems."

With respe~·t to the pre..;ent project. there are two areas where the same adJptation of the tool.,

considered her.: might tx.- useful:

Application I):

Adaptation of the social an:ounting matrix bnilding system. Since this matrix buildll1g

system has a well-dCllnt'd algorithm at its core. and the matrix building itself reljuires a

considerable degree of expertise (familiarity with data sources. alcllunting cunventions.

and the like). this is a good candidate for some tonn of expert system approach.

Application II):

Integration of the event matrix with the expert systerr.~. developed from lifeline and other

components of the disaster rel:onstrul.'tion program. Ff')m a tel:hni~'al point of view. this

also appears to be a feasible goal - however, there are several considerations related to

the institutional aspects of the recovery program - partkularly the involvement of disaster

victims themselves, as well as coo~ration within the recovery planning team.
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FIGURE 3·1 Uncertainty or Technological and Institutional Flexibility
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Types of Intelligent Systems:

A recent review (Han and Kim, 1988) of the prospects for the application of "intelligent

information systems." including expert systems, concludes that these artificial intelligence

techniques are not a technology which solve urban planning problems by themselves. Rather.

they are "a newly emerging and promising technology which can be incorporated or integrated

into existing information systems to provide more intelligent and effective solutions to urban

planning problems."

These authors sub-divide intelligent systems into four categories:

i) (DBMS) Data Base Management Systems which improve upon traditional data to

computerize routine tasks in an efficient and accessible manner.

ii) (GIS) Geographic Information Systems which provide map-like access to data bases and

allow some types of spatial economic modelling to be performed.

iii) (DSS) Decision Support Systems which access structured data bases using clear-cut

decision rules including some modelling methods. so as to provide selected information

from a large and complex data base. In effect, they are a means for fIltering out and

manipulating relevant information.

iv) (ES) Expen Systems attempt to incorporate the judgement, experience. intuition and "rules

of thumb" of human experts into problem solving. a heuristic rather than an algorithmic

approach.

Depending on the state of the art with each type of intelligent system, these may each be useful

in the area of disaster relief effom. Although this project is not concerned directly with i) and

li), it is ev~dent that efficient access to a large data base on the affected area could be an

invaluable ,tool in identifying specific targets for relief, such as businesses, families. Such data
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bases take many years to develop (since they rely on detailed surveys and established planning

institutions) and while these are now ubiquitous in disaster prone cities in countries such as Japan

and the United States. they will be at best partial in disaster prone areas in developing countries.

Similarly. the ability to overlay different types of information using a GIS approach provides an

attractive capability. For example. the mapping of the propensity to flooding against the

composition of residential structures. to prepare evacuation plans or assess potential damage in

the face of an on-coming storm. Again. this capability rests on availability of the underlying data

base. The applications considered here fall under iii) and iv) above.

Lastly. it should be noted that whatever these assessments for the future of artificial intelligence

and expert systems, experience to date is limited. and "little is known about the impact of ESs

apan from the economic benefits they have produced for a few large frrms" (Jahoda et al. 1988).

Application I):

The construction of a SAM in principle falls under iii) since. given a sufficiently comprehensive

and well-structured data base. the assembly and adjustment of the SAM may be reduced to a set

of rules. which can be followed in a systematic and repetitive fashion. Unfortunately. even in

industrial counties. at the local level, economic data are sufficiently "messy" (adopting different

categories, based on surveys from different time-periods, and so on), so that a good deal of expen

hands-on effort is required to construct an input-output table. Nevertheless. since the building

of a matrix can, in principle, be reduced to a set of accounting identities and well-defmed rules

for assembly and adjustment. some of the principles of DDS can be applied. It is nor difficult to

conceive of a computer software package which would facilitate the rather rapid construction of

local-area social accounting matrices as a post-event ex.ercise, by small tea11lS of ex.perts with

some prior experience in the construction of input-output tables, or by less sophisticated local

planners over a longer time-frame, as part of pre-event strategy development

Although a number of software packages such as ECONIO are available for the construction of

input-output tables for localities in the United States. the algorithms these systems adopt are
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rather rigid and not able to deal well with the paucity of data and variability of disaster prone

local areas in developing countries (or even small areas in ir.dustrial countries). For these

reasons. a heuristic. as much as an algorithmic system is required. Essentially. this hybrid system

would have an algorithm at its core. but would be backed up by a system for monitoring the

results of the procedure (checking for inconsistencies. unreasonable parameters. and so on). and

suggest alternative data sources and matrix construction procedures (for example. using a

hierarchical "hyper-text" approach). Within the present project, the aim is cenainly not to

construct such a system. but rather to see the possibility as a goal for guiding the work to be

undertaken.

Application II):

Since most natural disasters are locality specific - or at least the most intense effects are felt by

localized communities. it is unlikely that a suitable impact model will be available. What is

needed. therefore. is a means for constructing a suitable SAM very quickly using expert system

methods - similar to those for the sector-specific studies - and integrating the fmdings into a

single evaluative tool. This would become the basis of similar expert systems to be used by

planners and others assisting in the recovery efforts of small localities, especially those which

cannot afford major pro-active efforts and analysis.

Although some proponents of expen systems see them as a way of bringing together and

focusing the efforts of individuals and organizations concerned with the reconstruction program,

it is questionable whether this would be effective for the circumstances described. for example,

by Cuny (1982). It has to be recognized that the planning team may include a wide range of

expertise, some of which may be non-technical in the formal sense. Jones (1989), in particular.

has argued that "...it appears that best results are obtained when reconstruction planning is

decentralized to the lowest appropriate level. Decision makers and populations within the

stricken region are to some extent already aware of the nature of the changes taking place in the

region and the appropriate ways to allocate resources...In addition. people within the locality will
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be acutely aware of why and how the system failed and how to reduce its vulnerability in the

future."

Given this, any expert system must not attempt to replace the vital judgments made by the

disaster relief teams involved, or because of its sophistication "exclude" people affected by the

disaster from the decision process. Rather, it should aim to provide them with an additional tool

for evaluating and testing alternative ways for coping with the post-disaster reconstruction. Thus,

although the methods proposed might enable a "strike team" of economists and others might

rapidly build a suitably precise impact model of the devastated area (to enable planners to assess

the overall costs of the damage sustained and the priorities for reconstruction), the institutional

context for its use has to be carefully appraised. All this suggests that any analytic tools should

be intuitive (in the sense that they appeal to the "common sense" of the parties involved), and

that they should operate in an unobtrusive manner (behind the scenes), in a manner which does

not disempower non-experts, rather than be the focus of a complex negotiation.

Moreover, if the recovery program is to be seen as pan of an on-going development process, and

within the framework of a broader strategic plan for the future of the areas impacted by the

disaster, then some of the analytic methods employed during the intensive recovery phase should

(presumably) be designed in such a way as to be transferable and useful for the continuing

planning functions. In this case, the same considerations also apply, but in addition, the analytic

tools should be sufficiently simple to use and update.

H such institutional problems can be resolved, then the computer programs and user interfaces

may be refmed into a more readily usable expert system mode, which could then be tested on

a number of pre-event representative scenarios. The overall framework for this integration of

sector-specific expert systems and the SAM impact model would feed fmdings from the sector

specific damage/response expert systems into the rapid-buildlrapid-response macro-impact model,

and hence inform the planning team in charge of reviewing scenarios and mapping strategies.

Using the various expert systems the relevant event-map could be constructed, which would be

evaluated together with the alternative recovery scenarios, and in this way, something
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approximating to an "optimal stralegy" formulated. This would include, for excmple, the priority

and sequencing of medical and housing and other lifeline reconstruction. as well as longer-term

economic and infrastructure recovery.
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SECTION 4

SOCIAL ACCOUNTING. THEORY ANI) TESTING

4.1 Social Accounting Matrices

The distinctive feature of a SAM is that il places more emphasis on the demand-side of the

economy than does the typil.:al input-output table. In particular, they lake acwunl of structural

details such as the size distribution of economil: activities. or the socio-economil: and other

variations across a l:ommunity. The utility of this SAM approach for addressing a range of social

and economk issues has been dearly eswblished at the national and re~ional level in industrial

and developing countries. as well as for small communities such as islands or villages. SAM's

allow the interrelationships belween strudural change, for example. that will follow a disaster

sUl:h as an earth4uake. and the situation of particular sOl'ial groups or economic sectors 10 be

explored.

Since their innovation. input-output wbles have been extended in many directions. The

extensions which are directly relevant to the kind of system proposed here indude the work of

Richard Stone. whose proposals for imernationally compatible social accounting laid the

foundations for the social aCl.:ounting matrix work of Pyatt, Thorbecke. Adelman and others. In

addition to their applkation 10 localized small communities, the extension of the demand side of

the models to include details of different kinds of household, by level of income or oc~upation

or ethnicity is espe~ially important because the distribution of impacts and the speed of recovery

from disasters are closely related to the culture. and social and e~onomic status of households.

The new methods which have been developed to construct tables are necessary since there is

unlikely to be an up-to-date (or any} table available for any given small locality which suffers

a natural disaster. In this situation. what is needed is the ability to 'Very rapidly construct a table

which describes the essential details of the local economy as it was prior to the disaster. to assess

the likely effe~ts on the economy as a whole of the specific damages to activities, and to explore

alternative strategies for economk re~overy. For this last purpose. new methods of incorporating

the impacts on an economy of dramatic change are relevant.
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The most elaborate economic models available to planners combine input-output modeling (to

describe the structural relationships) and econometric modeling (to describe dynamic relationships

such as technical change and investment). However, such models tend to be very intensive of

data and take many years to build (usually as pan of general planning exercises). Although some

attempts have been made to evaluate recovery stra~gies from earthquakes and other disasters,

and that their construction may be cost-effective in the circumstances of a major city in Japan

or the United States, few such models exist for disaster-prone areas in developing and many of

the industrial countries. Because of this, the aim here \s to enable post-event construction of

pragmatic tools for aiding in the recovery process for these less fortunate areas.

4.2 Economy·Wide Impacts and Multipliers

Input-oulput models are primarily used to calculate the economy-wide impacts of changes to

specific pans of an economy. The underlying theory behind this calculation is rather intuitive.

It assumes that:

i) the economies of small regions are driven by the income they receive from outside, such

as export earnings from ttade or development aid, and

ii) the overall impact of this income on the region (or changes in income) depends on the

extent to which income is recycled in the economy through transactions between

producers, households and govemmcnt

These assumptions are illustrated by Figure 4-1 opposite which shows how income from outside

the region is recycled many times within the domestic economy, through many different channels.

For example, an initial boost in income to a panicular household or population category leads

to purchases from local businesses, taxes to local government, new income to workers and

households and so on. This leads to the S<Kalled "multiplier" effect Since, at each recycling,

a certain amount "leaks" back to the external economy (in payment for imports, etc.), the

cOlltributions from successive loops declines.
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If the economy is conceived \11' as 'l single ~edur. then 'lil cxtnn'li ur exogenllu~ •.:hangt.', 8x, .... ill

lead to a total change of im,:ol11e to the economy of

oy =Ox II + a + aZ+ a l + 1

= OX!l I - a l.

where a is the fra .... tion of the new inl:ome whi~'h i~ re· Yl:led in the lo~·al eUJnomy. Thus,

the fraction I . a "leab" out of the local economy. The attra tion of the input-output method I~

th'lt this expression may be generalized to the Illulti-se~·tor I:ase. ,0 that" and X are ve~·tor~

measuring the impacts on in....ome. employment for ead] ~t.,.... tor

8Y =oX!! I • A)

and A is the matrix of expenditure propensities as measured in tilt.' input-output table. The

te~'hnil:al diffil:ulties in applying input-output analysi~ arise here bel'ause all el.:onomies are multi­

sel:toral so that the internal and e;x.ternal links in en lht' :o.malle~t regional el:onolllie~ are ljuite

complex. In addition, the smaller the economy. the less readily available are the data reqUIred

to construct the table.

In most input-output analysis. it is necessary to decide what might reasonably be included as

reeyded ineome. Most ~'akulations adopt a 'Type II" method whereby 10l:al expenditures by

businesses and households are included but expenditures by government and investors, and by

extra-regional actors (sUl:h as national government) are not. These last expenditures are exeluded

bel:ause they are deemed to be 'unreliable." In any I:ase. if all expenditurt:s were rel:ycled (i.e.

a =I) the multipliers would be unrealistically large. Importantly. Type II cakulations are dear­

cut and straightforward. and by dosing the model in different ways it is possible to understand

the eontribution of different types of transaction in an el:onomy to its overall lkhavior. Althou)!h

the timing of the downstream impacts are not made explil'it in these t.:alt.:ulations. it is usually

implied that the full eonse4uenees of an event would be felt by the end of the first year after the

event.

4-4



This Type II approa\:h may be in'\uffil:ient in ;Kl'Ountin~ for the effe\:h of el:onomil' disasters

bc~ause, i) in many I:a'\e'\ it may be necessary to take bener al:CDunt of the role of puhli\: and

other income and expenditures, and ii) the timing of even" may be nitil.·al after an event. Both

are espe\:ially imponant in order to "explain" the behavior of Lin e..:unom)' following a dis<.tster,

and to a..:count for the distribution dlel.'ls within economies. especialty .... hen these are mediated

by government (for ex'.IInplc, through wdfan: ,md relief pmgr,lIlls). Other types of models. III

parti..:ular e,,:ollometril: models, do IIldude temporLiI enel''', nul <.tre generally considerably more

complil:ated to construl't and solve, Lind re4uin: a very detailed and pre..:ise empiri .... al situation.

Moreover. their pril1l<.try use is to fore..:astel:onomic trend .. rather than the il1lpLilts of one-off

events. whil:h is the spe..:ial forte of input-output modeh.

4.3 Transaction Lags and Delayed Impacts

The above input-output theory has been extended in a way .... hich lakes a... l:ounl of the time it

takes for adors to adjust their expenditures to ...·hanges in their in...:ome (usually ..:alled transa..:tion

lags). This allows the behavior of all a..:tms to be induded Jnd also allo.... s tht' till1lf1g of events

associated with a disaster and renwery program to be more easily introduced into the model.

With this la1;ged input-output method, the increase over time in the llllpa..:t of OJ single CVl:1l\ or

of series of events (l:omprisin~ the disaster and re..:overy strategies) may he estimated. In this

..:ase. the impa..:t up to a time horizon T is given by.

where A(T) is the marginal ve~tor of expenditUles. One aim of the proje\:t i'\ to show that

this elaboration ..:an improve the fore\:asting of the impal'ls following a major disruption to an

e..:onomy.

Sin~e the goal is to a...:hieve the simplest useful method. several approximations will be tested.

For the "full" method, the events leading up lO the disaster, the disaster it"elf and the post­

disaster rel:ovef)' are fed into the model in a sequential fashion. This is usually on a year-by-yeilr
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basis, although increments may be monthly for exploring the more short te:nn effects of a

disaster.

Thus, events in the ftrst year T I contribute to a stream of events in following years, which are

combined on an annual basis with the stream of events from the second year Tz and so on, to

provide the net impact in scme future year T. xhematically.

The results presen~ later show that this approach may be necessary for a useful empirical

prediction of the year-by-year impacts of a disaster.

The results will also show that. for some predictions. this expression may be approximated

further. For example, to calculate the combined impact of the disaster and recovery at a given

time horizon, the impact may be found as the sum of events taking place at some specified tiIM

before the horizon. In other cases. it may be sufficient to simply attribute the same horizon to

all events. In the later empirical studies, the impacts calculated by each approximation are

compared with each other and with the standard Type: n method. In some cases, the

approximated methods are used simply because the data are insufficient to test the more elaborate

methods.

4.4 Application to Natural Disasters

The most frequent use of input-output methods is to assess the impact of one-off exogenous

changes to the economy. such as a loss of demand for an industry. In the situation of natural

disasters. the technical problems of calculation are compounded because the direct damage to the

economy may be disaibuted across many external and internal links, thus making analysis more

difficult than with conventional input-output studies.
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The lagged method offers a useful way of addressing this complexity since it allows both the

extent and the time phasing of the disaster and recovery strategy into the input-output table. In

the event of a disaster such as an earthquake, a proportion of both the external (or exogenous)

and internal (or endogenous) links of the economy will be dislocated temporarily or permanently.

An event may be totally exogenous. Clearly, if only external damage is sustained, say. the lo,s

of an important food export industry through flooding or pestilence, then A will be relatively

unaffected. This reduces the level of economic activity throughout the region, even in those

sectors not directly affected by the event as indicated by Figure 4-2. Even with an endogenous

event. there may be only a temporary interruption in a particular endogenous exchange process

(say. the rupture of a pipeline), whereby the effects of this event will ripple through the economy

long after the damage has been repaired. If there is more extensiv(" damage within the local

economy, then feedback and local multiplier effects will be greatly reduced. With ~X negative

and A reduced, the entire local economy may spiral into decline as a result of r'eedback processes

in the ecllnomy. Schematically, this may be represented by,

~Y(T) =aliX(T)/(l • 8A(T)

Here, the a lIIld 8 represent the event matrix which describes the level and timing of the

exogenous and endogenous changes during the disaster and recovery. In the most general case,

the event matrix will be a set of tables corresponding to entries in the original input-output table

which specifies i) the extent of damage to internal and external components, ii) the goal for

recovery, and iii) the time scale for recovery. The details of how a and 8 are specified will

obviously depend on the situation under investigation.

A tacit assumption m input-output modeling is that the economy is initially at or near

"equilibrium" and that after a disturbance it will return to a new stasis with all accounts in

balance in the current year. Since economies are constantly changing, in reality the events in any

one year will always depend on the spill-over from the events of previous years. In effect, the

"initial" situation is always disturbed. This problem of model initialization becomes explicit in

lagged models. For this reason, the model tested in this report will be based on data from a
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period of relatively steady and balanced growth, and the major disturbances (or events) will be

introduced after a pre-event "settling down" period.

In most input-output analysis. the strucrure of the economy (as measured by A) is assumed to

be flXed over the period of tile disruption (for a period of as much as five to ten years). Thus.

the multipliers calculated from A also are assumed to be unvarying. Often this is satisfactory

even when the composition of the economy is changing. There may, nevenheless. be

circumstances arising from disaster, or other on-going changes which must be accounted for in

estimating the outcome of a plan. For example. the disaster may provoke uotypical or rapid

technical changes in sectors formerly using traditional production techniques. Again, one merit

of the lagged method is that it permits these effects to be accounted for.

The main use of the model is to assist in the planning of appropriate recovery strategies. It is not

unknown for inappropriate recovery strategies to contribute little to the inflicted society, or to lay

the ground for a new Jisaster. For example, strategies which focus only on short term recovery

may leave the region more dependent on external suppliers of raw materials. goods or capital

(even reducing A further) or leave the economy with regional export earnings which are

insufficient to support long run r«overy. A more appropriate strategy would seek to balance the

short term recovery against the long run need to strengthen and replace external income sources

and rebuild and enhance linkages within the local economy. In other circumstances, a strategy

may target particular economic goals but ignore social needs. or be too short term, or even too

successful so that the society overshoots its capacity to deal with the pace of change, or sectoral

and regional economic and demographic restructuring.

4.5 Overall Approacb to Mood Testing

The basic adopted approach for testing the model has been:

i) to construct a SAM model for the situation prior to the disaster using available data or

adapt the previously constructed input~output table,
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ii) to con~truct an "event matrix" which maps the damage caused by a disaster "scenario"

onto the SAM in such a way that its implications can be assessed,

iii) to construct and apply a similar event matrix for the recovery program.

Since the ultimate aim of the project is to provide an easy-lo-use planning tool, it is necessary

that the model, and its data requirements and use are as simple as possible. Thus, two additional

goals are:

iv) to demonsttate the utility of the matrix building and solving algorithms,

v) through repetitive building and testing to defme the set of "expert rules" needed for the

final system.

For present purposes. testing a modeling technique involves several steps:

i) showing that the model can represent the data. structure and behavior of the economy and

track a known set of historical trends or scenarios,

ii) showing that the model can make useful plausible predictions of the outcome of planned

or hypothesized future events.

iii) showing that detailed disasters such as the failure and repair of specific activities whether

industries or lifeline systems (such as water supply) can be adequately represented.

From an empirical standpoint, the testing of the model therefore involves five considerations:

i) the empirical quality of the input-output table • for example, the table may be "full

survey" (based entirely on statistics with minimal adjustment) or a mechanically updated

table (bast.d on aggregate surveyed accounts but with many details scaled using minimum
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information loss procedures) or a regional table (estimated using various location theory

methods).

ii) the quality of the information about the "events. II for example, the extent of the direct

damage to the economy such as the fall in production capacity or its utilization in

particular sectors or lifelines. the purpose and amounts expended by government and

private agents during the recovery program, temporary or permanent changes in the

technology or organization of the economy after the disaster.

iii) the quality of the empirical evidence against which the model is to be tested - including

time series data both for the inputs to the model (such as earnings from exports. tourism.

or development assistance) as well as the outputs (such as employment trends) which

should be measured consistently over time. Further. the measures used should be

consistent with each other and with those in the input-output table.

iv) the method used to solve the model - for example. whether events are combined on a

monthly. annual or total basis, multipliers are calculated using conventional comparative

static or lagged input-output methods.

v) the statistical or other criteria used to test the model - there are several mechanical and

graphical tests which may be applicable, including a straightforward "eye balling" of the

results.

vi) the details included in the table - if the model is to be relevant to the specific needs of

natural disaster planning it must contain relevant details even though there may not be

adequate empirical data to test these aspects of the model.

Each of these considerations requires some judgements to be made as to the quality of data or

the satisfactoriness of the forecasts, none of which are unambiguous.
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SECTlO!'i 5

TIlE "LA80RATORY" UEMONSTRATION - ARU8A

5.1 Crisis and Recm-ery in Aruba

Aruba i~ ~mall i~land 20 mile~ long by 6 wide ~ituJted IlJ mile~ from Venezuela \See Figure 5-1).

The blal'd today has a population of over 70 thou~and. ~:omprising people from over -til nation~.

Formerly )art of the Netherhll1ds Antil\e~. Aruba achieved "status apanc" in ] YX6. Compared to

most of tile Caribbean. Arubians enJoy it relatively high standard of living_

While Aruba is seldom impaded by the earthquakes Jnd hurri\:Jllcs -.vhi\:h regularly -.vreak great

devastation on neighboring Caribbean Basin islands and countries. in recenl years the Island has

experienced "near misses" from hurricanes leading in ]Y\)() to a fatal mud ~Iide on one of its

extinct volcanoes. The bland al~o lies on the edge of the earthquake prone region along the

Boronoco Fault. Consequently. Aruba has an active Disaster Preparedness Committee -.vhil.:h has

identified a number of vulnerable locations. and has prepared a region-based emergency

evacuation plan. The regional organization of the planning system is shown in Figure 5-2 and

Figure 5-3. which also sho-.vs the location of the main regions. town~. and roads in Aruba.

Despite her relative good fortune with respe~t to natural disaster~. over the last decade Aruba has

suffered a dramatic economi\..' decline of disastrous proportions. Thi~ situation followed from the

dose-down of her major industry - the Lago oil refinery. This oil refinery. a subsidiary of the

Exxon Corporation. had been the principal source of im:ome for Aruba since I~27. Before this

time, the population had been relatively poor. eking out little more than a subsistence livelihood.

At its peak during World War II, the refinery was considered the world's largest, employing

some ~,OOO immigrants from all over the world, anracted to Aruba along with many others by

the prosperity on the Island. Figure 5-4 shows how the growth of employment in Aruba increased

in tandem with the employment at the refinery. Even though this direl:t employment fell steadily

as the refinery automated many of its operations after the war, the high salaries and taxes paid
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FIGURE 5-1 Aruba Hurricane Trac:kina Chart
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by the refinery ensured its ~0ntinuing importance to the Island. and Arubians enjoyed one of the

highest ~iving standards in the Caribbean.

Although, new al:tivities. especially tourism. had begun to flourish in Aruba. when the refinery

closed permanently in 19X5. the Island lost her most important single economic activity. leading

to disaster-level consequences for the entire economy. The importanl:e of this multiplier effect

in Aruba is seen from Figure 5-4. Even though the refinery employed less than IJOO people

directly at the time of its dosing. about n-X.OOO jobs were lost overall. Unemployment on the

island rose from a previous 5 percent of the labor force. The total loss in employment directly

and indirectly arising from the refinery was 27 percent with a widespread expectation that total

unemployment would reach 40 percent. It was spel:ulated that a "spiral of dedine" would lead

to half the population leaving the Island (eroes 19Xo).

In the wake of this economic I:ollapse, it was obviously important to I:reate replal:cment jobs.

The principal means available to Aruba was to accelerate tourism development. An over-riding

initial planning question was simply. by how much would tourism have to be expanded to offset

the lost employment? Because tourism has a mu<.:h lower job "multiplier" than nil refining. in

order to replace the lost jobs, the recovery plan aimed to double the size of the hotel sector above

its 19X5 level by the year 1990. This goal was more than fultilled and the Island experienced a

remarkable economic re<.:overy.

While the disaster itself was obviously quite different from a ndtural event. its ~uddenness. the

results for the economy. and the recovery planning undertaken were not dissimilar. As Figure 5-4

shows clearly. the sudden shutdown of the refinery led to a very rapid decline in employment.

This stands in contrast to the stagnation brought about in the post-war period when the refinery

steadily reduced employment over more than a decade. and a decline in overall employment on

the Island was offset through the growth of other industries (primarily tourism). The relative

magnitude of the disaster for the economy was as great as that experienced in most natural

calamities and. indeed. the refinery dose down could well have resulted trom a natural disaster.

Obvious differences are the specificity of event - the total close-down of a single activity rather
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than the distributed impact across many activities as is usually the case with earthquakes and

hurricanes - and the somewhat longer notice provided - months rather than days or minutes. In

both cases however the full impacts are felt directly or indirectly across the entire economy. and

there is insufficient time for adequate proactive efforts. Finally. it should be noted that, although

a human-made event is us~.d to illustrate the approach, many external economic events are little

better predicted than natural disasters - ceMainly, at the time. the Island Government professed

great "shock" at the shutdown.

The results of such spontaneous recovery plans are alSG unpredictable, and sometimes bring

problems as severe as the disaster itself. Most commentators considered the Aruba recovery plan

to be extremely ambitious. mRD86, for example, notes that "it must be recognized that the

targets are highly ambitious in terms of achieving so large an increase in visitor numbers. of

attracting from abroad the capital requireti for the expansion of visitor capacity, and being able

to construct this capacity in so short a period" and "reducing unemployment to 15 percent by

1995, about half the present level, would be a considerable ach\evement." A special survey of

tourism prospects in Aruba (by PaneD, Kerr and Foster) was equally pessimistic, pointing to the

high cost of labor on the Island. The subsequent recovery was therefore quite rerr.:u'kable.

Unfortunately, it may have been actually too successful, and today, because of an unforeseen

economic "overshoot," there are many emerging post-recovery complications, not 1<:as1 a massive

wave of new legal and illegal inunigration to the tiny island. and instability in the balance of

payments and public sector expenditure programs. Such imbalances are not untypical of the

aftermath of a natural disaster, and Aruba's experience lends credibility to the argument that

disaster preparedness planning should be seen as part of the ongoing development process and

be especially sensitive to the needs of sub-populations, sectors and regions.

Despite her small size, Aruba has well dermed geographic regions, which might be expected to

be differently affected by most foreseeable disasters. This was certainly the case with the closure

of the oil refinery. Nevertheless, there are also strong dependencies between the various regions

of the island in terms of lifeline systems (such as water, electricity) and a good deal of daily

commuting along the length of the Island. Depending on the CUcUI1l5W1ces, applications of the
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SAM for disaster management would focus on the spedfil.: region impal:ted by the disaster. or

sub-divide the island into the distinl:t regions in order to a~count for the inter-l:onnel:tions and

dependenl:ies betwet>n them. To address these issues is also to tadle the problem of how to

constrUl:t disaster planning models for small distril:ts within larger regions or l:ountries.

The Arubian population comprises people of many nationalities and backgrounds. Again. this

is very often true of areas impal:ted by natural disasters. Moreover. the literature shows that it

is necessar~1 to account for sw.:h divisions in planning for areas subJel:t to natural disasters.

Typically different economiL: groups. bel:ause of the areas in which they live. the type of

buildings they live in. the work they do, or their aCl:ess to supportive social networks or publil:

relief, are all affel:ted differently by disastt>rs and the rel:overy effort. In order to un<.ierstand these

mechanisms. the present projel:t has investigated how different populations in Aruba responded

to the disaster and rewvery, and the outcome for the bland's demography.

As with any "disaster tel:hnology" some experimentation is needed away from the site of an on­

going trauma. On balanL:e, the L:ircumstanl:es of Aruba offered a relatively straightforward set of

events and polky responses against which to test tile SAM methodology. In fact, it is often

difficult to test economic models precisely because a "dean" situation where the trends one is

attempting to explain in terms of a particular event. are not also perturbed by many other

changes. Beyond this, the fl~quired data may simply not be available, especially since monitoring

economic and social developments is not the foremost priority during a natural disaster. Even

in Aruba, the data are far from ideal. For example, publil: l:oncern with both the economic crisis

and recovery process L:ontributed to two L:hanges of governme!'t, which in tum led to

discontinuities in the collection and processing of statistics. This situation was exacerbated by

the [sland entering into a pre-independenL:e "Status Aparte" with ''Ie consolidation of Central and

Island administration in Aruba. With each change. crucial data and other valuable information

was lost. On the other hand. the new arrangements, in conjunction with missions from

international agencies (World Bank, IMF, UNDP and UNESCO) and the Central Bank of Aruba,

have led to a general improvement of the quality of island based data and analysis in Island

Government Departments.
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Since tourist-dependent economies are especially vulnerable to natural disasters (witnessed. for

example. by recent events in St. Croix). the safety of this industry is now a primary concern of

the Arubian Disaster Preparedness Committee, as indeed it is to many islands and disaster-prone

regions. Consequently. special attention is focussed on the situation of this industry in the

present study.

For the VariOllS tests. several versions r)f the SAM based on 1979 and 1990 data are used to re­

calculate the impact of the disaster on the Island. and to re-estimate the resources required for

economic recovery. as well as current post-recovery plans. As far as possit-Ie, the forecasts from

each I'\f the models is matched against the relevant disaster-recovery scenario experi~nce of Aruba

over the last d~ade. Although disaster preparedness in Aruba is organized on a regional basis -

in general - in Aruba and elsewhere - the appropriate way to evaluate the lmpact of a niitural

disaster will depend upon the type of disaster and the community affeded. It may be most

appropriate to evaluate the impacts from anyone of several perspectives - regional. sectoral.

social, or cultural. The present project shows that it is possible to construct models with all of

these subdi.-isions rather rapidly for ArubJ using the available data.

Overall, Aruba has provided a valu~ble opportunity for testing the SAM techniques in view of

i) tne recent history of the Island. ii) the relative availability of data, iii) an expressed interest in

the project by the Disaster Prepau:lness Committee, and iv) the project team's familiarity with

Aruba including the construction of a SAM for the island.

5.2 Tbe 1979 Aruba SAM Model

The 1979 Aruba SAM model was constructed in 1982-3 but was based on data for years around

1979, this being the most suitable at that time. The method used to construct this model are

described elsewhere - it is relevant to observe that the quality of the data are. on balance,

comparable in quality to that used for most of the region-level input-output tables in North

America and Europe which are used in practical policy making.
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The supply side and factor cost entries of the 1979 SAM were based on the 1979 and 1980

Surveys of Business by the Central Bureau of Statistics of the Netherlands Antilles. This covered

most large fums (more than 10 employees) and a 10 percent sample of small firms. The principal

inter-industry transactions, between the oil refinery and public utilities and the tourism sector and

local industry. were based on company records and the 198C Aruba Tourism Plan. Demand side

entries were based on the 1973 Household Survey updated by Consumer Price Index data. and

Public Expenditures were based on budgeted accounts of the Island and Centtal Governments.

Trade and fmancial flows data were provided by the Central Bank of the Netherlands Antilles

(Aruba). Other data were provided by the Labor Department and the Department of Economic

Affairs.

By the standards of regional input-output model construction in metropolitan countries. the Aruba

social accounts correspond to a "full survey" input-output model even though some entries were

imputed from other Caribbean islands, and not all data were surveyed in a single year. In general,

it is obvious that since data come from different sourCf:S or are collected at different times. they

will not all agree. For example, the income declared by households to the Tax Dcparunent, or

reported in the Census of Population is unlikely to equate with what is recorded in the Survey

of Businesses, even if each was available for the same year. In general, it is necessary to

"reconcile" the various data to match the most credible data for a given year. It is emphasized,

therefore. that despite the desirability of using surveyed data in the table, the uncenainties which

remain may lead the model to over- or under-estimate the impacts of a disaster and subsequent

recovery. The possible magnitude of these uncertainties is now briefly considered.

First, there are errors which arise in reconciling the data within a given year. For example, the

1979 Survey of Businesses sought a 100 percent sample of large firms (10 or more employees)

and a 10 percent sample of small fll1i1S. Since the large fum sample was reckoned to be

complete. the small finn sector was scaled to bring total emplOYment figures by activity up to

the official totals, as shown in Table 5-1. Typically, this involved increasing the number small

finn samples by between two and five. a considerable amounL The degree to which this affects

the final results depent:s on how different are the technologies '.lsed in the small and large firm
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TABLE S-I Variations in Wages Shares by Sector and Size of Firm

Vanabons !n Wage 10 Output Rabos by Seclor

Ilanabon SIte off,rm scelina method o~er bme
-,

Private 1979 1980 i
Seclor Laroe Small Survey OffiCIal Informal Larae Small surv~tJ
Farmsilndi,lslry 45 196 63 S.5 59 88 88 I

1°,1 RefIning 17 1.7 1.7 1.7 14 14

Jtillties 193 193 193 19.3 21.0 210

Icommerce I 414 ~5 412 400 39.7 400 382 400

~'CA . 84 56 7.4 72 6.8 81 64 80
Communications 291 130 266 270 26~ 31.5 41.6 318

Services 425 215 ~72 305 286 31.0 332 311
Total 46 92 48 5.3 5.7 30 17') 3.1

IEmploymen!__ '2539 4018 16557 1~14 2:i42C I

Vanabons In Wage to Output Rabc~eo.:l.::.alJ:..:·vT-et...)_..,.- ..__.__. _

Private 19711 Total 1990 l
Sector Large Small Survey OffiCial Informe! Laroe Small Survey I
Farms/lndi,lstry 0.8 35 12 10 11 I 6 16 I
Oil Refining 10 1.0 1.0 10 08 0

,
.8
1

I'

Utilities 1.0 1.0 1.0 10 "

Icommerc.e I 10 10 1.0 1.0 10 10 1.0 10
iHORECA 12 08 1.0 1.0 0.9 11 09 1~
iCommunlcallons' 1.0 0.5 10 1.0 1.0 1.2 1.5 12

if:=!S:=6::.:rv~lc:.::e:=s l_-I::..4=-_.:::0:.:.7--1::.2~---I'.::.0~-~O..:!.9+_~1,;:O~__.:;I...:.1_--=10
I Tolal 0.9 1.7 09 10 11 0.6 32 0.6 I

ll:'mploym6nt 0.6 0.2 0.8 1.0 12 I
Nole: Basad on 1979 and '980 CBS Survey 01 BUSIness
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sectors, since this will dcrennine how much inl'ome is rel:yl'ied in the local el:onomy, and how

many people will be employed for a given innease in output. In Aruba, the ratio of wages to

output (a crude measure of the share of inwme which is rel:Yded) and the employment output

ratio both vary by up to a fauor of two between the large and small firm sector. Bel:ause of this,

scaling the data to the offidal employment figures changes sector wide technologies by up to 1()

percent. Since the al'tual size of the small firm sector in Aruba is not well known (because it

overlaps with the informal sel'tor), the errors in aggregate tel:hnologies are likely to be of similar

magnitude.

Second, comparing samples between years also gives some indication of the possible error arising

from table I:onstruction. In Aruba, the Survey of Businesses was repeated in IlJXO. There are

differences of around 20 percent between the measures of technology in the I lJ7Y and ]YXO

samples, despite the fal:t there were no major l'hanges in the Island over this period. The

differences arise from variations in the actual firms sampled. year-to-year shifts in the fortunes

of individual firms, and in some cases the movement of finns between size categories.

Obviously, then, the structure of an Aruba table constructed from the IYXO sample would differ

from the 1979 SAM and would provide somewilat different results. It should be noted here that

input-output I:alculations usually assume that the structure of an economy is fixed over the period

that the impact is measured, and assumes it to be initially in "equilibrium."

Despite the above, the key structural characteristics of the Arubian economy are unambiguous.

The SAM for Aruba presented in Table 5-11 shows that in Aruba, as in most islands and regions

with "open" el:onomies. there are relatively small feedbacks via the production side of the

economy. The major contributions are the mutual purchases between the lifeline sectors ­

electricity is generated using fuel from the refinery, elel:tril:ity is then used to distil sea water.

and water and electricity are then purchased by the refinery. Since almost all industrial and

domestic water used on the island is obtained in this way, this lifeline system is vital to the

economic health of the Island. This lifeline system apart, most feedback from and expansion (or

decline) of production comes through household and public expenditures being returned to the

local economy.
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Although some new and more reliable data for 1979 are now available for Aruba. the spirit of

the present exercise suggests that only data which was available prior to the disaster be used.

Therefore. for the initial demonstration here. few changes have been made to the original social

accounts. primarily to reorganize the data into a form more easily compared to the data which

is subsequently used to scale the model to the available 1990 data. The version of the 1979

model to be used in the initial forecasting exen.:ises is shown in Table 5-11. The table shows the

main activities for which data are more or less regularly available. The shaded area is reserved

for additional information pertaining to specific sectors or recovery projects.

5.3 Pre-Event Forecasts of the Refinery Shutdown

The 1979 Aruba SAM was used to calculate the island-wide impacts of a hypothesized shutdown

of the refinery and the necessary increased lev"ls of tourism to facilitate economic recovery. as

a part of the preparation for the First Aruba Macro-Economic Plan. (Because the results were

judged by the Arubian authorities to be inauspicious for the forthcoming independence

negotiations with Holland. they were presented only in the 1982 preliminary draft of NDP83).

The results are shown in Table 5-111.

There was obviously no data available at that time to check the predictions. although post-facto

it appears that the (entative calculations were reasonable. and in line with the actual loss in

employment. In addition, the above findings suggest that it would be necessary to expand

tourism by about 80 pen;ent in order to compensate for the employment loss arising from a total

shutdown of the refinery. This exercise showed that even the simple SAM model could give

reliable aggregate results. The present project attempts to provide a more comprehensive and

rigorous testing.
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TABLE 5-111 Aruba Plan Forecast of Refinery Shutdown (1982)

Item Base
(NAF million) Year

Refinery
Shutdown

Tourism
Collllpse

Output 5711 1215 607
Wages 381 258 171
Surplus 595 211 III
Ta,;es 74 28 11
Investment 180 93 51
Nel Income 660 377 l76

lobs 23994 17945 10316

Source: Aruba Long-Term Development Plan (Draft. May 1982).
Tables 3.1. 3.2 and 3.3. Net income is receipls after repatnalion.
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5.4 Appropriate Testing Criteria and Precision

In beginning to demonstrate the model. this report focusses on the following:

i) using a modified version of the previously constructed Aruba SAM for 1979 to "predict"

the employment and GOP data for the Island from 1979 to 1990.

ii) constructing a new SAM for the Island for 1990 by scaling the 1979 model against

available more recent data.

iii) using this 1990 model to simulate the consequences 01' various plans and policies.

Although this agenda may appear straightforward, in practice it turns out to be very complicated,

if not impossible. to fulfill in a conclusive way. Indeed. because of the difficulty in the practical

situation of most small economies and regions of separating out the effects of individual

economic events. there appear to have been no other such detailed efforts to test an input-output

model. in Aruba or elsewhere. To this extent, the present project also serves to test the reliability

of input-output models in general.

Standards of precision vary and "what is acceptable" depends on data quality and policy

applications. Since the aim of the project is to develop adequate planning tools speedily and

cheaply. this determines that the approach to construction and testing must be somewhat

opportunistic and pragmatic. With respect to construction. the method must be flexible. and be

able to incorporate the judgements and requirements of the policy makers. planners and disaster

victims involved in the recovery process, even when these contradkt "statistically significant"

data. With respect to testing, the quality of the available data for Aruba does not justify using

a statistical testing procedure. results will be evaluated simply by comparing the empirical and

forecast trends.

While the present project does not require that the Aruba SAM constructed is of sufficient quality

for policy purposes in Aruba, it is required to demonsuate that the method enables a satisfactory

policy oriented disaster planning model to be built Similarly, it is necessary to test the model
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against actual past and proposed policies and 4.:om:erns. and to ched it<; forecasts against those

of other governmental and international agendes (such as the IMF). and to report any policy

relevant results. This may be I.'Onsidered a minimal 4uid pro 4UO for the privilege of conducting

research on the Island. and gaining the cooperation of the individu:ils concerned. The data used

in the model and the findings presented here have been discussed with the relevant authorities

in Aruba. One test of a "policy" model is that policy makers should express some degree of

confidence in its results. The discussions with the Disaster Preparedness Committee and the

Central Bank of Aruba have been especially encouraging.

It is evident that in the pra4.:ti4.:al 4.:ircumstances of constru4.:ting. a SAM for a region in the throes

of a natural disaster, there would be little time or opponunity to collect fresh data (ex4.:ept on the

extent of damage). Further. model construction will be based on whatever statistkal infonnation

is on hand aild will have to depend on the judgements of local officials. As far as necessary. the

construction of the new Aruba }lNO SAM has anempted to simulate the I:onstraints on time and

data in a disaster situation. In particular. the initial data collection and modell:onsU"Ul.:tion for the

14.)':X) SAM was deliberately restril.:ted to a matter of weeks. In wntrast, the testing of the model

has taken several months.

Obviously not all drcumstances of an ongoing disaster can be replii:ated. Generally. conditions

are likely to be far more diffil:ult. In some i:ases. however. it may be that the speedier model

preparation would be facilitated. For example. under normal i:ircumstances. government

departments and private agencies may be hesitant to release data; but that following a disaster.

some information may be more readily available as all groups rally to the rewvery effort.

5.5 Relevant Social and Economic Categories

For many purposes, including especially disaster relief planning, it becomes ne\:essary to

incorporate details in order, for example. to examine particular structures. sectors or population

groups. and their relationship with the rest of the economy. and how each might be mutually
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helped. Even so, since detailed models soon become cumbersome it is nc:cessary to restrict detail

00 the essentials. The aim, of course, is to devise the simplest useful tool.

With respect to the predictive ability of models with different levels of detail, it is sometimes the

case that very detailed muiti-secoor models do not predict aggregate trends (such as GDP, Gross

Domestic Product, or total employment) any better than do aggregate macro-models simply

because they are more detailed. However, the SAM model for Aruba might be expected to predict

gross trends in Aruba better than the four equation IMF model currently used by the Central

Bank, because the latter does not account for even such important details as the difference

between the import requirements of hotel construction and government invesuncnt or household

consumption.

For Aruba. in addition to the tests of the basic model, there are several possibilities for sub­

dividing the economy and population beyond the categories originally inciuded in the 1979

model, using data from the 1981 Census (most of which was not available until after 1983). In

order to make results more relevant to the evaluation of natural disaster recovery planning, the

industrial divisions of economy may be divided according to the size of businesses, the economy

sub-divided according 00 its major geographic regions, or by the skills and background of each

of its principal population groups. All are relevant to the aftermath of a natural disaster, and to

subsequent re-structuring and developmenL The literature shows that the most important

economic and demographic features of a region are correlated with its geography. Similarly, the

informal sector is an important source of income, especially to low income and minority

households who are often the most seriously affected by a disaster. For the present

demonstration, the Island is sub-divided in each of the following ways.

i) Basic Social Accounts (1979): island-wide economy with standard sectors with

households subdivided by income

ti) Rqional Aa:ounts (1979): four inter-linked regional economies with standard sectors and

aggregated households
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iii) Cultural Accounts (1979): island wide el,;onomy with sectors sub-divided by size of firm

and households sub-divided by economic-culture

iv) Social Accounts (1990); island-wide economy with standard sectors with households

subdivided by in~ome

The most detailed tests will be carried out with i) and iv). The classifications of ii) and iii) are

used to demonstrate the importance of alternative classification schemes. The additional

information required to construct the Aruba Cultural ACl:ounts Matrix (CAM) and Regional

Accounts Matrix (RAM) were based on the 19~1 Census of Population (published after 19M3),

information from the Aruba Chamber of Commerce and the Department of Social Affairs. and

the IYX7 Survey of Businesses by the (Aruba) Central Bureau of Statistil:s. Unlike the original

1979 SAM, the main aim with these models has been to develop and demonstrate the

"mechanical" scaling methods to be iOl.:orporated in the expert system and illustrate a range of

potential applil,;ations, rather than to establish detailed empirical models for the Island of Aruba.

5.6 Quality of Trend Data (1979·1990)

The possibilities for testing predictions of any model are limited by the available historic data.

Indeed, the island of Aruba was selected as the laboratory demonstration because.

i) it offered a reasonably "clean" situation of a single disaster aff~ting the economy of a

well defined region.

ii) Aruba is both and island and a nation. so more data are available than for most other

similarly sized economies and populations

iii) the data in Aruba are relatively reliable and comparable in quality to other small nations,

regions and islands.

Despite this, the principal problem in testing the predictive performan<:e of this model has been

to assemble a satisfactory historical record. The pnncipal published sources used are sununariz.ed
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in Table 5-IV. Despite the apparent wealth of information. in order to provide it satisfal'fory data

base. cenain gaps in the historical record, ambiguities and biases had to be resolved.

Although there is no disagreement :n thes~ reports that the shutdown of the refinery was a

"disaster," unambiguous information as to its impa.:t are not available. It is not diffiwlt to find

~omments such as "There are no reliable statistics on employment. labor force partil'ipation rates

and unemployment.... the labor ~tJtjsti(', may contain an error of as mudl as 5 percent (World

Bank, The El'onomy of Aruba: Adjusting to Changing Conditions, May. IlJ~fl. IBRD~t) or

"Available data pertaining to the finances of the Island Government.are not uniform, they are

sometimes based on cash. or the payable. or the transactions basis" or the "virtual absence of

GDP data for Arub(l" (lMF. Financial Balap~e of the Island of Aruna. June. IYX5. IMt-:X51. In

practical terms, the assessments by the international and Island government agen.:ies about thl"

quality of official statisti.:s in Aruba are certainly pertment for the fine tuning of balance of

payment..; and government defidts which i.. of~~n the primary concern of the..e agencies. Despite

these remarks. the recommendations for recovery in the reports were made on the basis of the

data available at the time of the crisis and were used in formulating the Island's re~overy plan.

While such comments paint a somewhat bleak picture. the annual data for Aruba are not worse

overall than the national time-series statistics for many hIgh income developing countries. nor

worse than those for many small regions in metropolitan countries. For example. while

employment statistics in iocalities in the United States are probably better than in Aruba. annual

data on population flows are non-existent and detailed inter-regiJnal trade and population flows

data. are virtually unknown. For Aruba. a more pervasive complication is that there are often

several seemingly contradictory measures for the same item. and during the last decade. some

data for some years are simply missing.

These complications arise for a variety of institutional reasons. In parti(ular, in 19M6. one year

after the shutdown of the refinery. the Island be,;ame independent from the Netherlands Antilles
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TABLE 5·IV Published Sources Used in the Study

Table 1Q Summaries of PrinCiple Published SQUrCeS

CBS 12· cas {Ctntfal Bufe.u of S\.tl'tIC~ ot t.he Nttt\trle"'\d:': An\,Ueio\ 18POft"'Q DOL

{Department.;.>l laborl ,"{8t.lltICI.

PI.nOil SPlt~.1 O• .,eILlpmeot PUm \ \ 98' -90) pte~a,ed b)' Funvnhon DesB'(.J~o P,anetl
10 198' In t:onjunC,lon with DECO tD,plflmenl ot EconomiC Atle.rllol 't"t,lh

rtllQlon81 employment del. bltld on T8 ... Department rll,;ords 'or' 979 and

:JrOJlct1onl10 1990.
~ Th' National Olv.iopment Plen p,ep,red by ITEO (:nltllut. 101 Applied

Economic Analysl.1 with OECO to coordln'te development projects 1M

prop.rl1lon tor Independence negotiation. Y'tlth Holland. Elflmlte, tlom 1972
to 1980 .re 1,'g.'V baud on CBS .nd DOL afld the Aruba 1 O\oflim Plln Some
f.~ures .re bould Qn (:l,elimmlllf' 1981 C.n~ul or Popu!at\on resu,ts

Employmo;\t (end GDPl tfends I"Ip til 1990 ~ere based on • 3 seC!Cf lnp\Jt·

output model

CaS8)- Censvs of POplJlot.on trorn ttle CaSlNA) tor 1981 detoilln~ demugroph,. of the
lialand In thlt VOir,

DECOa., Tho 'llit .ttompt lJv DECO to .stlmato the dUde: Impact 0; tho 100peno,n.., .. " .... 1
down of the rellnor~_ Elllmoto, of tcta' Dmployme'l( end 'e ..... enu ••m~e~tli I.lp
to 1986 bued on molcrO-IcgnOmlC model trom the UNDP·UNDTC (Un,1ed

Natlont D.velopment Progrem· OtticI of Technlc,l Co"p.r.t.on)
OfC085 A ,horH.rm finanCial coat-c",tt.ng .dJu'tmont IlIlceg" bued on the Jt-.lDP

mod" wl1h .ome prOJection. to 1988.

IMf85 8t11lAnCI af P''jmont. Imp.cts prop.red b..- tho IMf \\nUlmOtlonal Monetlly
FIJr\Q) WIth the Cantral Bank of the N.therlend" A.nhl\e~ \.l\:l"Ig e 51mpl. 4
eQuattcn IMF macro-model WI\h .,tlm.tet 01 .conomV-WIQe .g~,e~ete end

public flnancl., and proJe<.:tlons 01 poulble10IJrIS/TI,,,plnslonl Ind g"".rnm'tlt
and p~bllc .nterprlil cui-bad.. ' to '98B.

IBR086 SImilar and more .xl.ns..... proposel, from Ihe IBRD (Internetlonal Bank. 10r

ReconlHuC110n end Development, 0' World Bankl on me.,ufc,d Co deal "'Ilh the

CtlSll, In CQOD.ratlon Wlrllh OEACllbut Itj.cllng IhOlr dat'i.
NPP86 Nation.' Oe".IODmenl Plen 1986-90 bV OEACI lO.partmlnt of ECOnQ"'IC

Aftl.r •. ClJmrnercl end Industrv. (orm,rl" OE.COI, With a 'l"-'ISlon (,,It PfOI';'·~IOf'.S

tQ 1990 tor the ~liopouC1 Tourllm Plan.
Q.2.b!§ A one-oU reQls\.r by the Ooplr\ment or lBbol mOll ot \.lnemploltcd by rCQlon

Ind .dIJC8tlOr..

~ An Inlmpt \0 till the gep In emp10'r'm.nt It,(lllles tOI '984 us.ng 1 ••
dlp.rtment dlt•.

£8587- Clln.ral II,tlltlC' hom In, C.ntra4 BurllWl 0' Stlll.lIC' IArubl' omitting Y"f'
frorn 1982 10 1987. Allo ••urv.y at bUllne..e. and emplovm.nt bv a'clor
end region.

!.M!1!! IMF ,epolt ""tlng the '"dramatic'" recovlrV wafnlng of the danQll1f of "0\,/"

h'lllng" or Ihe economV Ind f.c,ommondln~ l"i.rQ"ot demand manaQe",ent
m'asures.

~ Mim·sufl,l.YS of by tM CBS Ifor '9861 and '\Jtaequ.ntly b-v the 001.. 01
emplovm.nt In k. .... glowth ••ctOII .r'ICl 'Work permltl. U••d •• the besll ter
mo,t ,.Clnl employment torlc'IU.

VNESCQ90 O,t"nd prol.C1lClOl conCI.,lrrlng With IMF Conc.rn'
IMF90 IMF r.port .ml=h.'lllng dlnger. 01 antl'tlOn end bottl.·neck In lebo' supp1v
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(an island federation. now comprising Bonaire. Curacao. St Eustatius. St. Martin. and Saba).

Former Central Government functions in Aruba were consolidated into the Island Government.

In this transition, ministerial responsibilities. personnel, survey instruments, and definitions were

changed. Some data were simply "mislaid" or retained by the Central Government. A similar

phenomena arises each time the party in Government in Aruba changes. This occurred twice

during the period of crisis. Lastly. attempts by the various international agency missions to the

Island to assemble or re-construct data usually lead to revisions of earlier estimates. Be)'ond this.

a recurrent feature of small nations is that the best technically qualified public officials often

move to the private sector or arc: recruited by international agencies. A considerable effon was

put into gathering the information with the assistance of the relevant agencies. personnel. and ex­

officials, and the Aruba National Library. Even in 1991, when this research was conducted, the

data situation was unresolved and controver!'ial. For example. a senior official in the Labor

Department considers that the "employmf-nt data may be in error by as much as 25 percent," a

view which is rejected by an equivalent official at the Central Bank of Aruba. (The fact that the

more pessimistic view may be linked to a strong desire by the Labor Department to upgrade its

computer facilities, while the Bank is obliged to make prescriptive forecasts. may provide some

insight into these differences of opinion).

In practice. the major structural changes arising from a disaster could be forecast with relatively

poor data. However. to demonstrate the detailed predictive abilities of the SAM demands a more

reliable and extensive set of data. For example. in order to explore whether the model predicts

well the trends in employment by sector, occupation or region. it is necessary to have regular

survey data for the periods before and after the disaster. It is preferable. for example, that

definitions are consistent between sources and across time periods. In most instances. for the

Arubian economy as whole. it has been possible to reconcile employment data, and even to

estimate the extent of unofficial infonnal sector activity and illegal employment, sufficient for

the present exercise. Unfonunately. this has not been possible for regional employment estimates

which appe.\T to be quite inconsistent. Similarl). reliable data on the timing of event are also

needed to clarify the relative merits of different possibilities for model construction and solution.

This is necessary. for example. to help evaluate details which may add to model perfo: mance.
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but require a more elaborate calculation, such as the use of the time-lagged input-output method.

In principle, this is possible on a month-by-month or even a day-by-day basis. The model has

been tested to the limits of the data and time available.

S.7 Planning under Cr~is - Models and Institutions

Although the broad outlines of the consequences of the shutdown and recovery are evident, a

considerable effon is required to establish a usable data set against which to test the impact

model. Some indication of the general sense of empirical chaos and econolT'jc uncertainty in

Aruba immediately prior to, and after, the shutdown is seen from Figure 5-5 which shows all the

available Gross Domestic Product (GOP) estimates and forecasts during the period 1979-1990.

These data have been extracted from a range of reports by Arubian government departments and

international agencies as described later. They are measured in Arubian Florins (AFl).

The uncertainty is especially apparent with respect to the forecasts for the GOP forecasts shown

in Figure 5-6. Even after all GOP values have been adjusted to constant values (i.e. deflated to

AA 1979), th~re is still t;nnsiderable variation in expectations during and after the crisis. The

forecasts of employment shown in Figure 5-7 are less varied, but were essentially made

incrementally for a few years at a time. following the constantly unfclding expectations for the

recovery. All these forecasts (except NDP83) took into account the shutdown of the refinery.

Obviously none were based on a precise knowledge of what the actual level of hotel construction

and tourism revenues would tum out to be. although a general goal of "doubling tourism by

1990" was set, this appears to have been a moral boosting exercise and it is fair to say that most

observers considered this target to be exceedingly optimistic. The GOP forecasts before, and

immediately, after the closing of the refinery painted a very gloomy picture for the Island's

future. The OEACI84 forecast, for example shows GOP falling to nearly Af 400 million in 1986,

and even the IMF85 and NDP86 forecasts setting out the recovery plan predicted that GOP in

1990 would be below Af 550 million, still well below the 1979 figure.
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Aruba GOP E~timates and Forecasts
(Definitions and Bases Unchanged)

2500-r-----------------------,

2000

1500

1000

500

O-'-r-.-.-..,...-,.---,~___r___,___r__,__,__,_r_.___,_.,__,__,.___,~___r___,___r_l

72 74 76 78 80 82 84 86 88 90 92 94
Year

HGURE S-S Aruba GDP Estimates and Forecasts

Aruba GOP Forecasts
(Deflated to 1979)

1200.-----------------------, I
1100 ~ • • ~I ~83
1000 / / OEC084

900

n-
O BOO
CJ

700

600

500

• • -IMF85

-e­
NDP86­CEP/IMF91

--.­
UNESC090

400-'-r--.-__,_.,_..,...-,-'-:;:"""'-___r_-.-__,_.-..,...-_,__,..--,-'
79 81 83 85 87 89 91 93 95

Year

FIGURE 5-6 Aruba GDP Forecasts (Deflated)

5-24



10

20

.....
...........

lMF'IO... ~
I
I

15 I , , , , ,

7Y SO 81 82 8, 84 8\ I;(, 87 ll/j ~y \I(J YI 92 yJ 'j. y,

Year

..... NDPB,

-e- NDP 88

-t- D[ACl84 --- NOP 86

-- UNESCO '10 ... 1'lanD2

FI(;URE 5-7 Employment Forecasts (1977·90)

5-25



The ~orrespondingemployment forecasts madc during IYX4-(i suggest the number of jobs on the

Island could fall to as few as J7,OOO. The recovery plans deliberately sought expansion through

tourism be~ause it is a very labor-intensive activity. Projections for employment were therefore

more optimistic than those for GOP. The NOPH(i. for example. suggested that employment might

reach 24.000 by 1l)l)O. The IMFH5 suggest that employment by lYXX would be 20.70(J, still some

2500 short of the Il)X4 level.

As noted above. the recovery was dramati( and well beyond the expectations of the forecasts.

With support from the international lending agencies (most espe(ially. the IBRO), and with tough

marketing by ministers. but primarily by guaranteeing inve~.tors against loss. the su(cessive Island

gO'Jcrnments persuaded international financiers to build new luxury hotels on the island. The key

to their success appears to have been the tacti~ of daiming that Holland would underwrite the

losses (whatever. the Kingdom's stated policy). With this Dutch ~onne(tion assured. on~e the

first major deal was struck. "the money kept rolling in."

By 19~X it became apparent to the IMF that the economy was moving rapidly out of recession

and insttad had looming problems of "overshoot." With a structural balance of payments deti~it

and a p.'litically unacceptable level of immigration and change. the Government in power was

voted 01 t of office. Belatedly. by 1l)91, the new Government proposed a moratorium on new

hotel construction in its Capital Expenditure Plan (CEP9I).

The most recent forecasts for the Island beyond IYl)() in CEN I expe(t the Arubian GOP to

increase from the present AFI 1,000 million, but level off at just below Af 1,100 million by 1995

when the moratorium on tourism expansion takes full effect. (By this time, according to the

forecasts from the 191)() Aruba SAM model. the employment on the Island may well have

climbed to 25.000 above the Il)~6 level).

Over the last decade, although at least four economk planning models have been developed for

Aruba (by ITEO. UNOP. IMF and the CBA). none appears to have been used effectively to guide

the recovery plan. Even so. only in part. did the la(k of reliable empirical base contribute to the
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inability of the Island government to measure the effe~ts of the nisis, or plan for a more

balanced re~overy, E4ually important for explaining the failurt"s of forecasting are institutional

fal.:tors related to the pro~ess of independence, the ~risis itself, and the internal workings of

government, and its administration. Obviously. these are not variables l'f the disaster planning

model. but unless a model can be well situated within the polky process, it IS unlikely to be

useful, whatever its forel.:asting I.:apability.
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SECTION 6

EMPIRICAL ISSUES • ESTABLISHING HISTORIC TRENDS

6.1 The Disaster and Recovery Scenario

The basic "scenario" used to evaluate the model is as follows:

Pre-Disaster: In the period from 1979-85 the Island of Aruba received especially high

corporation taxes from the oil refinery and Government spending increased steadily. L"1

this period, tourism also was growing rapidly. However, in 1983, with problems in the

neighboring Venezuelan economy, income from tourism began to faU. and by 1984 the

Island's economy also began to stagnate - even prior to the shut down of the refmery.

Disaster: When the oil refmery closed in 1985, Aruba lost its single most important

economic activity. Although the refinery employed only about 1300 people directly at the

time of the shut-down, some 6000·8000 jobs were lost overall and many people left the

Island. Unemployment on the island rose greatly despite considerable out migration from

the Island. To curtail this rise, rather than adopt IMF reconunendations for reductions in

public sector employment, the Government introduced wage cuts.

Recovery: The Island Government's recovery plan required that the tourism industry on

the Island should more than double by 1990. Against all expectations - especially since

the tourism industry was itself experiencing a slowdown - this target was achieved.

Largely as a result of a massive hotel construction program, the Island labor force has

now grown to between 26 and 29 thousand with considerable (return) immigration of

Arubians and others.

Post·Recovery: Present plans and trends are now set to nearly double the level of

tourism again by 1995. with the likelihood of further massive immigration. This has led

to a widespread coneem about the future "cultural identity" of the Island. A moratorium
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on major new tourism development is planned. There is also a concern that the Island is

now overly dependent on tourism, and the repercussions should the industry be damaged

through natural or other disaster.

As explained earlier, the approach used here to test the model is predicated on the basic

assumption of input-output modelling that economies are driven by outside events. This is

substantially true for Aruba - in the past the economy was driven by the income from the oil

refinery; today it is largely driven by revenues from tourism. External development assistance

too Oldy be counted as a driving force to the economy. As the level of these revenues changes

so does the economic activity throughout the economy. The approach to testing the model then

is to feed variations in these items into the model and calculate the impacts on the economy as

a whole. In this sense, the forecasts made by the model are not true predictions - since the

principal events determining the changes to the economy. such as the shutdown of the refinery

or the increase in tourism revenues . are fed exogenously into the model Nevertheless, this test

is consistent with the model's purpose which is to study the implications of given disaster or

recovery scenarios, or any set of external economic changes.

6.2 The "Event" Matrix. for the Scenario

In order to simulate the economic res:ructuring over the period covered by the scenario, the

exogenous data are fed into the model via an "event matrix."

For the above scenario, the event mattix is simply a table showing the annual changes to the

level of output of the directly affected sectors of the economy, in panicular, the oil sector,

towism and hotel construction, and public spending. These changes roughly correspond to the

four phases of the disaster and recovery scenario. Events are measured in constant 1979 AFl

relative to the 1979 level of activity. This specifies:

i) an initial increase above the 1979 level in Government expenditures following an increase

in corporation tax paid to the Island by the refinery,
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ii) a dedine in real tourism revenues after Il}X2 (relative to )l)7l} l,

iii) an end to refinery a~:tivities, predominantly in April Il}XS,

iv) an Increase in tourist oriented infrastrul:{ure and hotel construdion between )YXtl and

)lJY2.

v) a sustained tourism boom beginning in IlJXtl (and project~d to continue beyond 11.)\}(l).

In this case. the basic event matrix is relatively simple to I.'onstruct sinl.'e it affel.'ts only the total

levels of output of each sector. rather than transadion entries within the input-output table. This

simplified event matrix is given in the upper part of Table tl-1. This table also shows a number

of adjustments to this basil.' scenario which take al.:wunt of spel.'ific private and public polil.'y

l'hoices with respect to employment - in particular. the choi(t~ of technology used in hotel

wnstruction and the dedsion by the Island Government to maintain puhlic sector employment

through the crisi... These adjustments are shown in the secondary event matrix. In addition to

these primary events, there are other smaller changes, for example. export.; (and re-exports) of

goods not related to oil or tourism. and earning from off-shere financial servkes. The

importam;e of each of these items will be considered separately.

For purposes of comparison with later results. these primary "events" also are shown in Figure

6-1 opposite. The corresponding total direct shifts in employment which will be used to adjust

the initial forel.'ast with the model are summarized by Figure 6-2.

6.3 Variables to be Predicted

As indicated earlier, an input-output type model can provide very detailed estimates of the

consequences of economic change. In the case of Aruba, the impact of the refinery shut down

and the recovery program may be compared with the available statistics at several levels of

detail:
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i} e~onomy-wide totals (e.g. employment. GOP or household income).

ii} sector or activity sP<:...·ifk (e.g. employment in retailing. small businesses. government

spending),

iii} social and regional (e .g. the im:ome of selected households. or employment by on'upation

or edu~ation).

iii) marginal variables (e.g. balance of payment..... investmenl or the government ddi\.'in.

The initial tests (described below) attempt to tra...·k the aggregate trend for employment and GOP

between I~7~ and I~~O. The principal aim here is to match '-"hanges in the overall level of

employment and GOP. and the timing of responses. These tests are designed to darify whether

the lagged input-output model used for the project performs any better than the wnventional

input-output method.

The testing cf in.tividual a\.'livities - which might also help to darif)' further the relative merits

of the lagged model and also help to estimate some of the lags. is considered later. It is to be

e-<pected. for example. that the expansion and ....ontraction of the (downstream) ....onsumer se.... tors

(su.... h as retailing ;md personal se"i...·es) always lag behind the expansion and contra...·tion of the

driving se~tors. Similarly (but more \,:ontentious). government spending might behave in a similar

way.

Marginal items. su~h as the balance of payments. are dearly the least likely to be well prediued

or tracked by an input-output model since they depend on factors external to the island economy.

It is of interest nevertheless to test the model against the available data. espedally this is a

topical policy issue in Aruha. with some ~ommentatorsdebating whether the present recovery has

not already sown the seeds for the next disaster!

In summary. five sets of tests are presented here.

i) A version of the SAM based on I\)7 I) data is used to "track" aggregate employment and

income trends in Aruba through the recession and recovery from 197\) to 1990. The

predictions are compared for lagged and unlagged models.
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ii) these are also tested against the available statistics on employment by se~:tor for specific

years, indurling a special survey of unemployment by region and level of edul'ation,

iii) the impact of the shutdo",n and rel'twcry on regional cmployment (using the regional

aCl'ounts) and on the on'up;:tional and cthnk population, (using the cultural accounts).

iv) a version of the model ha ...ed on Il)l)!l d.Ha i, u,cd to "backcJ...t' crnploymenl growth from

I \}X6 to Ill\} I ,

v) the trends are proJel'ltd to Il)l)\} on the basis of offi~:ial expel'lations for tourism and

proposed public sector capital expenditures, The l'onseljuel1l'eS for balance of payments.

and the possibility of a new "crisi ..... arising out of Ihe rel.wery plan are reviewed,

6.4 EslalJlishing Past Emplu~'mentTrends

The growth and decline of employment by the refinery. and it ... long-run impact on total

employment in Aruba were suggested by Figure 5-4 earlier. Lnfortunately, for mu.:h of the

Island's history over the last 50 years, satisfal'tory l'ontinuous employment data are available only

for the oil refinery, with occasIOnal surveys of Island-wide employment and the del'ennial

Census, Even for the period of special interest for the present ,tudy between 1l)7l) and 1l)l)O.

there are several ambiguities to be confronted,

Several of the published histori~' data for this period are not ba'oed on ...urveys. but are prepared

in the Same manner as "forel'asts" using economil' models, As an initial exercise. therefore. it

was essential to separate the primarily survey ba:-cd estim;tte, for these ye..rs from the

interpolation-. and forecasts, Even for more recent years. the ljuality of the employment statiSlil's

for AruiJa is uneven, In order to establish the most rehable data set. and to understand the limits

of the data. all documented sources were l'onsuited and a number of interviews l'ondu(ted with

government ministers, officials. managers and workers, The pril1l'iple published sources of

employment estimates all(~ forecasts were !!iven in Table 5-IV,
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The employment trend statistics extraded from these sources is sh')wn in Figure 0-3. After

reviewing and comparing these dilta. tne levels of employment in each phase were Judged to be

as follows:

For the pre-event phase. annual ~tiltistics fwm the Labor Department are available for years up

to I<)X I. and for I<)X I from the Cen'.us of Population. There are no reliable data on employment

by sector for the key years hetwlCen 1YX2 and )YX5. although IBRDXn notes that "The

unemployment rate between I<)X I :lnil I JX3 is estimated to have increased from <)A percent to

almost 15 percent." DEACIM sets ("llrloYIT;~nt at 23.250 for IYX4. Other data for this year

given in DEACIX7 based on Tax ')epartment rCl'<mis indicates 2n,XOO full and part-time

employees. To obtain interim data for these years and to establish levels of employment

immediately prior to the shut-down. aggregate employment figures have been prepared:

i) employment in the years IIJXI to IYX4 has been (re)-constructed from the "IBi~DXo"

estimates of value added by sedor by scaling employment data by sec~or from IYX I. The

reliability of the employment fjgures so obtained for I \}X2 is yuestionable since the trend for

earlier years shows excessive growth compared to the surveyed data presented in NDPX3. It is

possible here that the increased demand fm labor (suggested by the increase in sector income)

was satisfied in the then near-full-employment economy by increa"ing working hours rather than

taking on new employees. By IYX3 the economy had begun to slow down and for IYX4 the

method gives a total employment of about 23.500. which is close to the DEACIX4 figure.

ii) the Tax Department data for 1984 given in DEACIx7 also have been adjusted. to conven

pan-time employment to full-time - indicating a total of only 21.SUO l<lbor years. Since all four

available estimates for 19M are derived from Ihe same survey. it is evident that differences in

the definition of employment in the various stiltistics cannot be ignored. This is imponant for

the present study since input-output models predict changes in the demand for labor on the basis

of current (or assumed) productivity. following the definition of employment used in the model.

Thus. a predicted increase or decrease in employment may be masked by shan-time or over-time

working or the unrecorded use of labor in both the formal or informal sector.
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For the event phase of the scenario, the published data for the depths of the recession from 1985

to 1987 also appear to be ambiguous. NDP86 gives a figure of 19,300 for 1985, considerably

lower than the subsequent IMF90 figure of 21,000. CBS87 surveys for 1986 and 1987 record

employment at 17,400 and 18,500 (after adding public sector jobs). There is also ambiguity with

respect to unemployment. IBRD86 states this "deteriorated further with the closing of the Lago

refinery, when the rate reached over 32 percent" (IBRD~6). More recent official estimates put

unemployment between 1983 and 19H5 at 20 percent of the labor force (IMF90).

Most data suggest that the turning point to recovery from the !'e'ession appears to have begun

in late 1986. The CBS87 survey shows a slight increase in jobs from 1986 to 1987. A registration

of unemployed persons in 1986 (in preparation for the setting up of a Job Center) showed over

5,000 people to be without jobs (including "hard core" unemployed), whereas only half this

number registered at the Job Center when it fmally opened in 1987, again suggesting the recovery

had begun. Immigration too began to exceed emigration in 1987-8. The IMF90 figure for 1987

may be overly pessimistic since it appears to omit 800 "recreational workers" or casino operators.

For the post-event phase, all sources show that the employment trend since 1986-7 has been

strongly upwards with empluyment reaching 26,500 by 1990 according to CEP91. The IMF90

and CBA91 report an even higher figure because they include an additional 2,500 "self­

employed" workers. Unfortunately. the "mini-surveys" upon which both sets of estimates are

based sample only the leading sectors, leaving employment figures for other sectors unchanged

for several years (or even omitted altogether).

Overall, the statistics for the years before 1982 and after 1986 are adequate for present purposes,

although the several discrepancies noted require attention. In addition, there are incorrect

allocations, for example, the data provided by UNESCO for 1986 appears to be taken from the

pre-recession level for 1984. The emplo} ment data for the depths of the disaster, and for the

increasingly rapid expansion after about 1989 are the least reliable.
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6.5 Migration and Ihe Informal Seclor

Some of the variation in the unemployment statisti(s during the re\:ession is explained by the

considerable oUl-migration from the Island. Even after the Status Aparte in ItJXtl. when Aruba

became independent of Cural.:ao, Arubian nationals are still entitled to full welfare benefits in the

Netherlands and many Arubians preferred to ''sit out" the rc(.·ession in Holland. The offi\.'ial

statistics given in Figure 0-4 show that net emigration of DUI(.h national:-> W;l', nearly 3,000 in

IlJX5 alone, with net loss of nearly ft,OOO people between Il)X4 and ItJX7 (after IYX(l data rel:ords

islanders as "Arubians" rather than "Antillian~;'). Some estimates suggest up 10 25 per\.'cnt of the

population departed the Island. Sinl:e it is likely that up to half of the reponed elllil:=rants would

be of working age, it is quite pl,ssible that while over 3lJ perl'ent of Jobs were lost only 20

perl.:ent of the remaining labor force was left unemployed. The past rel:ords are not totally reliable

and in the past have badly underestimated emigration - one reason for this is that residents prefer

to leave as "tourists" rather than emigrants, in order 10 avoid settling their taxes!. It is dear.

nevertheless that with such a high level of outmigration. unemployment statistil.'s alone (.·annot

provide a reliable estimate of job loss.

For reasons noted above. it is desirable to take al.'count of the informal SCl.'IOr. Cnfortt::lately. the

size of the informal SCl.'tor and the "self-employed" se\.'tor, and the extent of illeg<ll ;nllnigralion

poses several empiril.:al ambiguities. For exampk. underemployment in the pu\-.Iic sector in

Aruba is commented on repeatedly by the international agelKies, so it is not diffil:ult, or

uncommon, for publil.: sedor employees to undertake informal sel:tor work on offi~:ial time. The

fal.'t that the sel.'ure public sector job of one family member is often treated as the "insurance

policy" of the ex.tended family obviously bewmes important in times of el:onomk crisis. This

is difficult to measure empirically, although the fa!:t that the allocation of publi{,' sector jobs is

an al:l.:epted l.'omponent of the democratic process in Aruba. largely explains the government's

decision not to heed IMF and IBRD rel:ommendations to redul.'e the size of the I.'ivil service.

Equally ambiguously, both the formal and informal sel.'tors in Aruba have always employed a fair

number of illegal and unregistered workers. Illegal migration appears to have shown the same
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pattern over time as legal migration. Nevertheless. while it is likely that some illegal and

unregistered workers would have left during 19K4-5, interviews suggested that the poorer

immigrants from the Caribbean Basin feel that "however bad the situation in Aruba, it is worse

back home." Thus. there is a strong incentive not to leave the Island, especially as it may be

difficult and costly for them to return legally or otherwise. During the rel.:ession the informal

sector is considered to have provided a cushion for many households, so the "subsistem:e" part

of this sector is considered to have expanded during the recession.

Since the recovery. the rapid im:rease in formal applil.:ations for job permits (see again Figure 6­

4). h<>.s been accompanied by an equally rapid increa--e in thl: number of unregistered workers.

The--e are variously estimated at between 3 and \} thousand (Zambrano. l'NI). Some 700 illegal

migrants were deponed in I\}~y and over 2.000 deported in 1990 alone. In view of its relatively

high wages, Aruba is a very desirable location for workers throughout the Caribbean Basin and

parts of Asia and the Pacific. Activities such as hotel catering and construction are known to

employ illegal :aborers. In addition, it is evident that other parts of the "non-subsistence" informal

sector. such as gardening and construction. which depend on a healthy economy, have expanded

greatly and also employ considerable casual labor.

Because the recession was marked by a fall in the hours worked and on-the-job productivity, the

data for the recession probably underestimates the actual loss in productive employment. In

contrast, by 199<J with rapidly increasing participation rates, some 50 percent of enterprises

surveyed by the IMF report a "significant level" of overtime work. It is possible that. with so

much informal sector activity, increased overtime, and a high level of illegal and unregistered

workers, the actual level of employment in 1990 (measured in job-years) may be as much as

from 3 to 10 thousand higher than the official figures.

It is evident then that, the official number of persons employed or unemployed, both during the

recession and the recovery. may be a poor guide to actual productive employment. This poses

some problems for testing the model since it accounts for changes in employment in the fonnal

sector (whether legal or illegal), but takes no account of the infonnal sector itself. The above
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considerations suggest that a true comparison of the depths of the recession with earlier full­

employment years would put the 1986 demand for labor lower than the official employment

figures suggest. and that actual post-recession employment is likely considerably higher than the

official figures. A working estimate based on interpolation of the official surveys, and a plausible

adjustment to the official data is given in Table 6-11 and Figure 6-5. lbis will be used as the

basis for testing the model. Typical t;rrors and uncertainties in these data are judged to be around

1,000 jobs. Such uncertainty suggests definite limitations on tests of "fine tuning" to improve the

perfonnance of the model. based on its demonstrated predictive power.
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SECfION 7

TESTING THE MODEL

7.1 Tracking Jobs through Disaster and Recovery

The initial tests use the model to track total employment between 1979 and 1990. Two sets of

forecasts are made:

i) "base" employment trends are calculated using the 1979 model after inuoducing only

exogenous income data on the oil refinery shutdown and the growth of tourism and

consttuction activity.

ii) "adjusted" forecasts to take account of specific employment policies in the public sector.

and the known employment in hotel construction.

Base Forecasts: This forecast is made using the most suaightforward application of the model

assuming that changes in employment in all sectors are determined pro-rata by shifts in the

income to the sector as shown in the primary event matrix. This "fixed technology" assumption

leads to a predicted employment of about 18,000 at the bottom of the recession in 1986. Total

employment in 1990 is predicted to have risen to over 30 thousand. This offers a satisfactory

reflection of both the level and the timing of aggregate employment trends during and after the

recession.

This forecast may be improved by taking account of the planned levels of employment associated

with the major exogenous income changes. This modification is straightforward (and arguably

quite reasonable in the context of model testing).

Adjusted Forecasts: The flISt adjustment to consuuction sector employment accounts for a

specific choice of technology. In the base forecast. employment changes in the construction sector

are dete!111ined by the average labor productivity in 1979. Typically, input-output modeling docs

not take account of technological change. Insofar as technical change is incremental, it is unlikely
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to affect results over short time horizons. However. in Aruba most hotel related construction

during the recovery was carried out by international firms or larger local finns using technologies

with labor produl'tivity several times higher than the average for the Island. To adjust for this.

the forecast for direct employment is replaced with the a-priori data given in Figure 7-1, redudng

the estimate of employment in IYXo to about lo,50(), and that for !l}l)() to about 2l(500.

The o;econd adjustment is to public sector employment The base forecast a'isumes that the

spending cuts induced by the recession lead to loss of Jobs in the public sector. In reality. the

government eIel.:ted to maintain public sector employment and lower wages (rather than follow

the IMF rel:ommendations to cut jobs), as shown in Figure 7-2. In conse4uem:e, the model

underestimates employment in tl)is sector. To account for this policy, the employment forecasts

for the public se<:tor are replaced with the official data, thus inneasing the mid-recession

e<.:onomy-wide employment back to about I~.500.

Since the first adjustment for hotel construction is based on the anticipated direct employment

in this activity. it is more straightforward to apply than the se<.:ond adjustment which depends on

the effects of all exogenous changes on total public sedor employment.

The off-setting effects of these two adjustments is shown in Figure 7-3. This improves the match

with the surveyed data during the recession to the final forecast shown in Figure 7-4. The

employment forecast for Il)l)() is higher than the official figures but is not inconsistent with the

supposed level of unregistered workers, the apparent expansion of the informal sector. and the

considerable level of overtime work in all key sectors of the economy (or the IMF estimates of

"self-employed).

7,2 Comparison with Type II Forecasts

Part of the present exercise is to test the merits of using a lagged solution method for the SAM.

While it seems fairly reasonable to expect that there would be delays associated with the
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restructuring. these delays are omitted from most input-output models (for the sake of analytil:

simplidty).

Th~ effect of omitting lags is explored by repeating the I:ah.:ulation with the same data. but using

a standard Type II solution (with the model dosed around households). This standard static

model does not spel:ify the time dimension but the implied assumption in Type II cakulations

is that the full impact of a given event will be felt within the first year.

Taking this assumption, the forel:asts usir,g the unlagged model must suggest that the bottoming

out in employment would have been felt more immediately. and that the economy would have

responded more rapidly to the inneased revenues from lOurism. For both the base and adjusted

forel.:asts, employment falls to about 15,000 at the bottom of the recession. This greater job loss

is predicted bel:ause the full impact is assumed to be felt before the new injection of government

and tourism revenues began. In turn, the expam;ion is predicted to have taken off far more

rapidly.

As shown in Figure 7-5, attempting to improve the Type II calculation by introducing a one year

delay between the direct and indirect effects of events only partially <.:orrects the level and timing

of the forecast. Overall. the final unlagged model forecast shown in Figure 7-0 appears to be less

satisfactory than the forecast from the lagged model. both with respect to the forecast levels of

employment and the timing.

The differences between the results of the two methods become more apparent from a

comparison of the total employment induced by each of the exogenous components separately,

shown in Figures 7-7 and 7-8. For both the lagged and unlagged (Type 11) models. the

competing effects of the closing of the refinery and the increase in tourism construction and

revenues are clearly seen. For the lagged model, in absence of the construction and tourism

booms. it is calculated that over -),000 jobs eventually would have been lost from the shut down

of the refinery, compared to 6.000 for the Type II model. In both cases, the construction boom

began before the full impact from the shut down was felt. For the recovery. both models
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demonstrate that tourist related construction has induced nearly 8,000 new and replacement jobs

in the economy as a whole by 1990, roughly equal to those induced by the increase in tourism

revenues. The contrast between the lagged and unlagged calculations for the response to the

economic recovery is less marked because construction and tourist expenditures both grow

comparatively steadily between 1986 and 1990.

7.3 Transaction Lags and Responses to Crisis?

In the lagged model, each economic activity is assumed to have a characteristic distribution

between the time when income is received and when it is spent. The average delays used to

quantify the (ganuna) distributions are based on the empirical observations in the literature that

businesses tend to respond faster to economic change, than do households, who in tum respond

faster than governments or investors. Heuristically. it is plausible to argue that since finns

typically carry about three months of stocks of raw materials, they are obliged to make new

expenditures rather rapidly (i.e. within a few months) following an increase in demand. Similarly,

governments are tied to an annual budgetary process so are likely to have a response lag of about

one year. Households typically take about six months to adjust their expenditures to changes in

the level of income. In terms of calculating the impacts of changes on an economy, what matters

is the extent of the lag relative to the time horizon used in the calculation. For short horizons,

only those activities with rapid responses will have contributed significantly to recycling of

income in the economy. Conversely. over a long horizon. most activities will contribute, and the

overall multiplier will be limited largely by the real economic leakages (in particular, through

trade and repatriation).

In Type n calculations. m;eipts and expenditures are equivalent over any given period. In the

lagged model. by contrast, receipts are treated as orders (e.g. to a business) which anticipate

expenditures (e.g. the payments to factors and suppliers). In setting up the tests of the lagged

model it is necessary to know. in particular. at what point in the year the major event occurred

(the shutdown of the refinery), whether the running event data (public expenditures and hotel

construction) are actual expenditures or anticipated budgets, and whether employment series are
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annual totals or end-oC-year statistics. Since the shutdown oC the refinery took place in April

1985, it is evident that a considerable part of the downstream impact would be felt by year-end.

In Aruba, most event data are presented as if they are annual expenditure totals, although hotel

construction expenditures are based on inflows recorded by the Central Bank and public

expenditures are calculated by the Bank from tax receipts and government borrowing. According

to the Bank, the resulting picture does not necessarily reveal the underlying trend in Government

finance. While the Labor Department collects statistics (up to 1980 and post-1987) on a

continuous sampling basis. data from the Bureau of Statistics (1981, 1986 and 1987) by contrast

are based on point-surveys. In the tests above, this has been accounted for by taking input data

to be mid-year (i.e. expenditure evenly distributed over the year) and employment to be an end­

year measure. This assumes a six month delay between the annual event and the measured

impact.

In a crisis situation. neither the Type II nor the lagged approach used above may reflect well the

behavior of particular actors in the economy. As was evidenced by the earlier discussion of

inunigration and temporary emigration. affected populations adopt a variety of atypical responses.

This is also true of the business or government sector. For example, it is evident that the

government responded by cutting expenditures in anticipation of a signiticant fall in revenues.

Similarly, several suppliers to the oil refmery businesses closed down almost as soon as the shut

down of the refmery was announced. As may be seen from Figure 7-9, the number of (legally

required) lay-off petitions submitted by businesses increased markedly before the shut down of

the refinery.

Even after adjustment, the final predictions from the lagged model appear to anticipate the

employment trend data by about one year. This suggests that the lags used may be 100 shon.

However, it is equally likely that the income sources given in the event matrix. is incomplete, for

a number of reasons.

With respect to the delayed the impact of the shutdown of the refinery, the following may be

important.
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i) Many An.bian hou~eholdsmaintain bank al.:l.:ounts overseas. IBRDX6. for example. states

that according to the US Trea~ury. Antillean residents held over one billion dollars in time

deposits in US bank a.xounts a! the end of !I)X5. The IBRD also notes the "large holdings" of

foreign securities. In view of the international orientation of Aruba and relatively high per capita

int.:ome (compared to Curat.:ao). probably one half of this wealth would be owned by residents

of Aruba. It is likely that some of this income was drawn upon during the I:risis.

ii) All of the workers dismissed from the refinery received lay-off payments (DECOX4

indkates a spedal retirement plan of AF 3(1 million about one "Iuaner of the regular salaries for

that year). In 19X5. the private t.:apital account balance im:r(.ased by AF )() million as a result of

the shutdown (IBRDX6). On the other hand. interviews with ex-workers from the refinery have

indicated that some of the lay-off income was used to set up small businesses or to build and

extend hornes (through the small scale construction sector). Some ex-employees used the income

simply to "live for the day" . because. for a time after the refinery dosed, they remained

convinced that the shut down was merely a ruse by the Exxon Corporation to re-negotiate its rate

of taxation by the Island and that the refinery would soon re-open.

iii) The Island Government in office prior to independence had apparently "hidden" taxes

received from the oil refinery in order to avoid paying over the legislated 25 percent due to the

Central Government in Curacao. While the full amount has never been ac1equately accounted for.

and contributed to the sitting Government being voted from office lCroes, 1tJ86), some is

considered to have "trickled back" to the Island.

iv) In 1985 the Island Government was able to finanl.:e its deficit largely by drawing on cash

balances at the Central Bank of the Netherlands Antilles (IBRDX6).

Although the authorities were aware of these various inflows of capital from overseas. and in

1986 their overall size was taken to be an indicator that the economy was reviving (according

to the then Prime Minister), the sour<.:es were not well understood at that time. Indeed. the data
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still \:ontain several ambiguities and omissions (not least that the Central Bank of Aruba records

\:omparable data only from Il)S6 onwards).

With respe\:t to the amidpation of the rel:overy, two issues are relevant.

i) There is a mismat\:h between the timing investment and the employment associated with

the hotel \:onstru~:tion program used in the adjusted fore\:asl. Expenditures are based on Central

Bank statistks (which record inflows of capital to the Island) while employment estimates are

based on anticipated jobs creation (DEACIS6 and XX). This was necessary because there is

ambiguity in the available data. For example. a l:onsiderable share of the rel:Orded finan\:ing for

a major hotel l:onstruction project operated by an Italian company mysteriously "disappeared."

In addition, analysis of the actual expenditures on the Island by this project were distorted by a

procedure whereby equipment pun:hased in United States was transhipped via Europe (to take

advantage of EEC subsidies), and the migrant workers employed on the project were housed and

fed in the company compound. A similar problem arises with respel:t to the timing of publil:

expenditures where there remains considerable I:onfusion between budgeted, actual and recorded

expenditures (lMHS).

ii) It is likely that in a aisis, all actors respond more quickly than under normal conditions.

To assess the actual scheduling of the responses to the shutdown by the private and publil: sector,

and by households, requires monthly series whil:h are limited in Aruba. Nevertheless. for the oil

refinery. the evidence from lay-off petitions by employers shows that some contractors to the oil

refinery laid off workers one month after the shut-down was announced (i.e. before the closure

in April 1985). The response by the Island government to the crisis also appears to have been

relatively rapid, with a variety of tax raising and expenditure cuts beginning early in II)HS and

extending to mid-1986).
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7.4 Impacts across Sectors

An important test of the model is to match the forecasts of the non-oil industry - I:ommen;e and

service sectors - since growth in these sel.:tors is largely an indired consequence of I:hanges in

the major exogenously driven sectors. Both commen:e and service Sel:lOrs rely for the bulk of

their inl:ome on purl:hases by households. Unfortunately there are no offil:ial figures for

employment in services and commen:e for the years IlJX2 to IYXfl. and attempts to reconstruct

these data from the estimates of sel:lor wntributions to GOP (in IBROXIl) are not satisfactory.

The I:Omparisons of the adjusted forel:asls with the surveyed data shown in Figure 7-10 show

modest agreement during the recession and sati~factory i1greement for the most recent years.

The fit is less good for the partially endogenous industry and agriculture sectors, shown in Figure

7-11. For these sectors, the problem again arises that in small economies like Aruba most

changes result from the activities of individual firms undertaking specific projects. which have

anomalous and unknown expenditures and behaviors. This is also the case with the large scale

construction _,ector. public utilities and government sector in any small regional el.:onomy - see

Figures 7-11 and 7-12. (Note that in Figure 7-12. the difference between the forecast and

estimated trends for the public sector represents the adjustment to the aggregate forecasts given

earlier).

Given better employment and other data on specific proje\:\s. it would be possible to "fine-tune"

these forecasts funher. For example. both the industry and l:ommen:e sectors have an expon

component (free zone re-exports and off-shore finance) which generates employment, in addition

to the direct tourist expenditures (souvenirs and taxi tours) whil.:h have already been accounted

for in the base forecasts. Unfortunately. it is not at all a straightforward matter to separate the

re-export of commodities via the commerce sector from exports of local manufactures.

Moreover. trade statistics in Aruba exhibit interesting anomalies arising from her proximity to

South America. At one time. for example. Aruba was one of the largest exporters of coffee in

the world. despite the fact that the Island neither produced or imported this item. The Island also
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has an incredibly high importation of tobacco products. but nonetheless does not have an

espedally high incidence of lung cancer.

At this point. the tests have probably reached the limits of the annual trend data. There is in any

case. another problem with attempting such fine tuning. that one simply stops the process when

the results appear satisfactory. and so ignore other possible omissions which might cause the

results to err once again!

7.5 Approximate Lagged Models

Since the goal of the project is to demonstrate that the model can provide useful results even

when used in an approximate way. a less elaborate alternative solution method has been adopted

to make forecasts by sector from the 1979 baseline to 1990. This "multiple horizon" forecast

may be perfonned rather simply by combining the direct impacts the major events at appropriate

time horizons as follows:

tbe S year impact of tbe refinery sbut down

+

the 3-year impad of average level of botel construction

+

the 2 year impad of tbe average increase in tourism

Figure 7-13 shows the contribution from each event in turn and the combined impact between

1979 and 1990. Comparison with the differences between the 1979 and 1990 survey data shows

that the net changes are reasonably weD predicted for commerce and service (the two sectors

largely driven by indirect income). This may be viewed as a relatively severe test for any model

given the major shifts arising from the opposing contributions of the refmery shutdown and the

tourism boom.
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This last method may be compared both with the (unadjusted) results for the complete model

(based on the sununation of annual impacts), and with the further approximation of using a

common 3 year time base for all events, and with the results of a Type n calculation. The

comparison for all four methods with the surveyed employment data for 1990 is shown in Figure

7-14.

On balance. it is evident that the more complete the model, the better are the predictions, but that

predictions are likely to be incorrect if adjustments (such as those for construction and the public

sector are not made). This is not a difficult task provided the appropriate data are available.

7.6 Eslinates of Gross Island Produa

For GOP. GIP or National Income. the empirical situation in Aruba is even more fraught than

for employmenL The initial problem is shown by Figure 7-15 which shows GOP estimates and

predictions for the Island between 1972 and 1990. Again, while in some cases data are missing,

in many other cases there are multiple but contradictory data. Especially, for the period of

interest from the collapse of the refmery to the bonanza of the tourism boom, the information is

at first sight especially confusing.

The most obvious and significant variation in these trends arises because estimates are generally

given in current values while forecasts are presented re~ative to some base year. While it may

seem a simple matter to bring all values to a common base, a variety of price indices have been

presented over the years and it is apparent that several adjusbnents have been used in preparing

the estimates and/or forecasts, but these are not always made expliciL

The second variation arises from differences in defInition. While there are standard definitions

of GOP, most estimates for Aruba exclude particular items or even whole sectors. Some

estimates do not include depreciation as a factor of production, while the oil sector (the largest

industry) is excluded from others.
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With respect to absent data. part of the problem is that the Island bt:came independent from the

Netherlands Antilles only in IIJXh and although separate trade and financial flows were available.

separate island "national aCl:Ounts" were not. In addition. immediately prior to and after

independence there was considerable disruption as the responsibilities of the Central Government

(of the Netherlands Antilles) were passed to the new Central Government (i.e. the former hland

Government) of Aruba. Unfortunately, this period also l,:oin~ided with the closure of the oil

refinery.

A variety of (usually unspecified) methods are used by all agencies to estimate past data and

future trends and it is not always possible to distinguish between estimates and forecasts.

Nevertheless. sinl:e what is required to test the model are estimates rather than forel:ast", some

considerable effort has been expended 10 separate the two. and reconcile the various "data." The

ambiguity is greatest for the years ]I)!D to ]1)~5. This is especially the case for estimates of the

Island's GOP. For example. the 19X5 IMF repon preferred to use its own GDP estimates above

those of Aruba. bel.:ause "they are l.'onsistent with a more stable and theoretil.:ally more acceptable

relationship between absorption and disposable im;ome.'· (lMF~5). This process also involves

some unspedfied "judgmental" adjustments by the officials of the Central Bank. Obviously. when

estimates are prepared using standard model assumptions. there is a I.:ertain t'Jutology involved

in the testing process.

Estimates of GDP are shown in Figure 7-16. For this exen;ise. all estimates have been deflated

to base year units (millions of 1971) florins) using the CPI (Consumer Price Index) as shown in

Figure 7-17. This is somewhat unsatisfactory since the overall GDP shift between 1979 and 1l)l)O

is rather sensitive to the deflator, as will be sei:tor specific prices to changes in import prices.

The pre- I985 estimates appear to fall into four distinct bands: i) NDP83. ii) IMF85 and 90.

OEACI84, iii) IBR086, NOP86, iv) CBS87. The explanation for the differenl:es depends on the

items included, and especially the contributions from the oil refinery.
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The variation in measures of "GOP" arising from differences in definition are illustrated by the

following table based on data for 1979 given in NOPlB.

TABU·: 7.( Definitions of National Income for Aruba.

Income Definitions for Aruba (\97lJ)

Value Added by Firms (Fal'tor Costs)
Sampling Adjustment in NOP83
Value Added by Firms (Factor Costs)
Value Added by Government
GDP at Factor Cost
Indirect Taxes· Subsidies
GDP at Market Prices
Net fal:tor incomes from abroad
GNP (Market Prices)
Depredation
Net National Inl'ome

Amount (AFI million)
X72
58
9311
91
1021
33
1(154
(2lJ4)
700
X2
ti7X

These data are based on the 1979 CBS (Netherlands Antilles) Survey of Business for that year

and were used in the construction of the Aruba 1979 SAM after adjusting private sector value

added by AFI S4 million to a.:count for the undersampling of small firms. The "NOP83" figures

are therefore high relative to all other estimates, and bel:au:;e they include all factor costs

including depr~iation and indirect taxes.

Most other estimates explicitly exclude all. or part. of the value added by the oil refinery (about

AFI 404 million in 1979). and this is responsible for much of the variation between estimates.

The omission of this contribution seems quite unreasonable and potentially misleading. since the

taxes. wages and local purchases of the refinery were central to the pre-19H5 Arubian economy.

The separation appears to have arisen largely for historic reasons - that for many years the

Island's economy had been divided into its "Lago" and "non-Lago" components. Moreover. the

treatment is inconsistent with that of other sectors of the economy. In particular. the major

international hotels (such as the Hilton or Hyatt Regency) are treated as part of the domestic

economy even though their relationship to the Island in terms of taxes and raw materials has

always resembled that of the refinery.

7·22



If all value added contributions from the refmery and elsewhere are included, the varying

estimates of the Arubian national income can be approximately reconciled with the estimated of

GOP (at Market Prices) based on the 1979 data.

The principal adjustments required to reconcile the figures are as follows:

CBS: The comparatively low figure published by the CBS of Aruba (in CBS87) of Af

462 million for GOP at market prices in 1979 appears to omit the entire

conttibution of the refinery. Alternatively, these estimates are scaled on the basis

of employment from aggregate data for the Netherlands Antilles, rather than on

the survey data for Aruba. More recent estimates from the CBS are based on the

those of the DEACl.

DEACI: The "NDP86" based on the survey also exclude the entire contribution of the

refmery - even though the same government agency had previously included all

contributions from the refinery in its "OEACI84" forecasts. (It is possible that the

intention here was to provide a basis for comparison with the "new" Arubian

economy).

IBRD: The ffiRD86 data exclude the operating surplus of the oil refinery (AA 298

million) and include various other adjusunents (for example, a deduction of AF1

23 million as imputed bank charges and omits the considerable contribution of the

small commerce sector).

IMF/CBA: It is not clear whether the 1MF8S estimates of GDP (derived from a small

Keynesian macro-model by assuming the domestic activity induced by Lago taxes,

tourism revenues and government expenditures) also omit all or pan of the value

added from the refmery.
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On balance, the most consistent estimate of trends in GOP for the period 1982-84 immediately

prior to the shutdown are probably the series given in mRD86 (suitably adjusted). Furthennore,

this was the most recent effort to measure the state of the economy at that time. It is doubtful.

however. whether this leve. of GOP (about AA 780 million measured in AFl 1979) is known

relative to the ]979 base level to better than 10 percent

There is even greater uncertainty as to the level of national income at the depth of the recession.

One contemporary estimate by Croes (1986) expected GOP to fa]] back 30 percent to the level

of 1980. More recent official estimates of GOP in this period suggest that the combination of the

refinery closing and the fall-off in tourism caused real GOP to drop by over one fourth from

1983 to 1985 (IMF9O). However, the only "estimated" GOP figure for the depths of the recession

is the IMF90 figure for 1986 (prepared in conjunction with the Central Bank using a modified

version of the IMF macro-model).

Overall. the data suggest that by ]984, real GNP had faUen by about AF1 50 million (] 979

florins) from the 1983 high, and then feU further by about AFl 200 to AF1540 million by 1986.

a total decline of about 30 percent The data also indicate that. although the refmery was closed

in early]985, the greatest loss to GOP did not arise until ]986. even though the tourism upswing

had already begun. Both the size and the timing of the recession and recovery are important for

the testing of the model.

The only post-disaster GOP estimates of Aruba's GOP after the closing of the refmay are based

on the IMF model. IMF90 and CBA91 suggest that GOP had risen to AFl1550 million by 1990.

increasing by about 18 percent annually (in nominal tenns). Deflated to 1979 florins this puts

1990 GOP at nearly AFl 900 milEl)n, we]] above the 1986 level of AFl 500 million. and also

above the commonly reported levels of 1979 to 1983.

Since there is no continuous data series connecting the pre-and post refmery era GOP data, and

because the figures are deflated using the CPI index, and because the IMF model is ambiguous

in its treatment of value added from the refinery, some considerable uncertainty remains as to
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the size of the 1990 economy relative to 1979. Moreover. as indicated earlier. the IMF estimates

of GDP are derived from simple model from estimates of exports and government expenditures

(neither of which are particularly well known).

7.7 Tracking GDP through Disaster and Recovery

Since the SAM model calculated wages and operating margins by sector. it provides a prediction

of national income. The trend forecasts of GDP arising from the earlier adjusted forecasts are

shown in Figure 7-18. These calculations suggest that by 1990 the Island GDP has more or less

returned to the level prior to the shut down of the refinery. approximately AFl 900 million (in

1979 prices). While the general magnitude and timing of the recession and recovery again

appear to be reasonably well predicted, it would be rash to signal the results as especially

notable. In particular, the deflators used may entail a relative adjustment between the 1979 and

1990 figures of 10-20 percent. Nevertheless. it is quite possible that the predicted GDP figures

are closer to reality than the current official statistics.
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SECTION 8

MATRIX CONSTRUCTION, SCALING AND UPDATING

8.1 Cost and Time Limitations

lnput-output models are a detailed representation of the whole economy and as such are time­

consuming and costly to construct Most of the input-output models which have been produced

at the national level (in Europe and North America) are based on extensive surveys of businesses

and households and foreign trade. These very detailed tables are very expensive (sometimes

running to millions of doUars). slow to produce (the 1985 table for the United Kingdom was

published in 1990). and out of date (the latest surveyed United States table is for 1981). Despite

this, these tables are widely used for policy formation, for example, to evaluate the outcome of

budget proposals, or to review the impltcations of economic resuucturing.

The input-output tables fer sub-national regions, such as counties or states in metropolitan

countries typically are based on the national tables. Only in a few cases have equivalent "full

survey tables" been prepared for small areas. Apart from the expense, such exercises are usually

complicated by "non-disclosure" rules for officially coUected data. Regional tables are generally

prepared by "reducing" the national table so that it matches whatever data are available for the

area. This is also the starting point for the present study.

In some respects islands are fortunate with respect to data, especially when, like Aruba, they are

also nation states. Information is available on trade flows in and out of the economy, and

surveys of businesses and households and government are generally available. Despite this, as

with most small areas and economies, there are many difficulties with much of the da!.a in Aruba,

and any SAM construction method must cope with these. In addition, these models may be

expensive - the SAM model prepared for Aruba for the 1983 Macro-Plan required a considerable

expense of time and effort. The aim of the present project was to demonstrate that this

previously constructed table could be rapidly and inexpensively updated to account for the

impacts of a major disaster and provide a useful instrument for recovery planning.
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8.2 Construction of the 1990 Aruba SAM

The main objectives in constructing the 1990 Aruba SAM are:

i) to test the scaling procedures for matrix adjustment,

ii) to provide indicators to be built into the final expert system for matrix construction.

iii) to provide an updated matrix for projections and scenario simulations.

iv) to demonstrate that the fmal system is capable of being developed further into a practical

policy instrument.

The objectives of the present project do not require that a "policy ready" model is constructed.

Indeed. it is more important at this stage to test the flexibility and boundaries of the system. In

engineering terms, these may be thought of respectively as equivalent to non-destructive and

destructive testing of the model. For example, with respect to flexibility, it is necessary to know

how much data, and what quality of data are required to build the model - i.e. how much can be

left out, as well as what must be included? As explained elsewhere. the speediness of

construction is as important as precision. given the circumstances of the proposed applications.

The scaling algorithm has been described in Phase One of the project and in Cole (1991).

Although this method has been used to build models for other regional economies. the aim here

is to streamline the exercise so that initial data collection and model preparation are completed

over a short time span. This objective was met and the work carried out here was completed in

less than one month with all programs, excluding model refmement and sensitivity testing. The

latter has been used to test the "robustness" of the method· in other words to ask how bad the

data may be. or how simplified a scaling method can be used without overly undermining the

result, or leading to fatal problems in matrix construction. The conclusions from this can be used

to provide information as to the relevant warnings and recommendations which should be built

into the final expert system.
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8.3 Scaling Algorithm and Application

The matrix construction procedure is based on a scaling algorithm which uses two sets of data -

an initial SAM for the nation or region in which the locality suffering the disaster is situated,

and an inl.:omplete set of data for the region itself. The algorithm scales the flfst data set in such

a way that it is consistent with all the locality-specific data. This procedure ensures that a

minimum of infonnation is lost. (For the case of Aruba, the scaling will take place between data

sets for different time periods).

Generally, the locality specific data are aggregates, such as estimates of GDP, or total wages, and

some structural data such as employment by sector or household income. The scaling procedure

sub-divides these aggregates using the proportions indicated by the structural data, and then sub­

divides these further to provide the same level of detail as in the national table.

The scaling procedure is iterative but usually begins by imposing the main structural details of

the locality onto the national table. With the standard RAS scaling. for example, the entire

national table may be "reduced" pro rata by income (rows) and by expenditures (columns) on

the basis of the ratio of national to local employment by sector, with non-production activities

scaled as the ratio of total employment. With the present method, in the case of Aruba, the 1979

table flfst is scaled to match an aggregate set of national accounts for 1990. These accounts

include total factor payments, taxes, government expenditures and revenues, total imports and

exports, financial inflows and outflows etc.

For the multi-proportional scaling, the matrix Aloo) of dimension NxM defines the SAM to be

constructed (for 1990). The i and j label the rows and columns of the accounts represented in the

table (production sectors, households and so on). A base matrix, ~J(O), the 1979 SAM, is used

as the staning point for the new table. If there are Z constraints, defmed by the sub-totals B.,

then, after n adjustments, the Z constraints applied are given by:

I Av(n) =B.

ij £ z
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Contrary to other updating procedures. no distinction is made a priori between constraints on

row and column totals and constraints on individual elements or blocks of elements on the

interior of the matrix. All constraints are treated simply as the desired sub-totals of specified

blocks of entries. These constraints are applied in order to the matrix, so that after one full round

of adjustments. the information distance of A'J(Z) from the original matrix AI/O) is:

D[A(Z):A(O)) = 1: A'j(Z)logIA,/Z)/A'J(O)/

1J

These constraints are imposed repeatedly so that each is applied onl:e in any full round of Z

adjustments. After an arbitrary number of adjustments. the nth adjusunent will apply the same

constraint as the (n-Z)th adjustment. Thus.

D[A(n):A(n-Z) / := 1: A,,(n)logl A.j(n)/A,j(n-Z) J

ij

for all Ali +O.

The details of the initial 1979 accounts are then systematically constrained using increasingly

specific data. For example, in the case of Aruba. value added by sector. exports by sector, wages

by sector. and the actual accounts of specific lifeline forms (water and electricity) are introduced

successively. With each new piece of "target" data, all or part of the matrix is re-scaled. Finally.

the table is "balanced" so that the total expenditure and total income of each activity are the

same.

Since successive adjustments will change several entries, it is necessary to repeat the procedure

(iterate) until all conditions are met. At this point the procedure has converged. Typically. it is

sufficient to achieve consis!ency to within a few percent of the target data.
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In general, the data will be underdetennined - that is, the total locality spedfic data available are

not sllffil:ient 10 fix every entry uni4uely. Indeed, if this was so, there would be no need to refer

to information from the national table al all.

For l:onvergem.:e 10 be pm\ible, certain conditions must be met. The data must not be

inconsistent - for example. in general the presl:ribed wages for a se\.:tor \hould not be larger than

total fador .,;osts (unless subsidie:-.. or gross operating surplus is explil:itly given a:-. negative). In

pral:til"e, many times the data used will t:Ome from different agenl:ies <e.g. GDP from the Central

Bank and wages by sel:tor from the Labor Department); there are likely to be incon:-.i:-.tent data

whil:h as far as possible should be rel:onl:iled prior to sl:aling. It is also possible that :-.pel"ific

piel..:es of data are over-determined (even though the table a:-. a whole i:-. underdetermined) so that

a given entry may be sUl:l:essively eXf·el:ted 10 take two different values.

If target data are im.:onsistent the iteration will not work - individu<ll entries in the mput-output

table will oSt:illate (i.e. alternate between two seb of values). or drift (i.e. change inacmentally

in a nOl1-l:onvergent fashion), or become negligible (even those known to be substantial), or

diverge (i.e. become very large). Like other scaling procedures, negative entries may lead to

spurious results, and it may be net'essary to transform these to positive enrries. For example, large

negative indirel:t taxes (i.e. subsidies) or negative saving by government (i.e. a deficit on current

al..:count) in expenditure al.."l.."ounts may be moved to the inl:ome aCl:ount (in eaLh case, requiring

an adjustment to the cakulation of :-.el:tor value added or income). The l.:auses and results of non­

convergence are reasonably dear in any practiLal situation. and so warnings as to potentially

troublesome data may be built into the I.:onstruction procedure, and these in turn may trigger

suggested I..:orre\.."tions or alternative procedures.

The necessary and suffkient I..:onditions for I..:onvergence are not known preLisely for this multi­

proportional sl.:aling. Nevenheless. it may be shown that if the procedure converges. the result

is unique. This means that only one final result l:un l:ome from a given initial set of data.

provided there is a systematk application of the minimum information loss principle. Thus. new

data should not be added in mid-stream.
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Once the accounts for the locality have been set up, further dewils of specific population groups

or industries, beyond those shown in the national table, may be added either by sub-dividing

existing entries (in smaller ,ectors), or adding ne ... aetivitie, (for example. the informal sector

which is not induded in the official a((ounts).

The final predsion depends on the amount of locality specific data available. In the ca,e of the

11)l)() Aruba model, not all available data will be Llsed, This is bel.'ause it is useful to leave some

actual data aside so that it may be used to compare with the etjuiv<llent "data" fL"l.JlIng from the

scaling procedure, Since there is no fully surveyed recent table avail<lble for Aruba. individual

entries can only be tested in this partial manner. and through the ability of the model to "track"

other data in a reliable manner. Moreover, since lhe overall initial obJel'tive (during the crisis

stage of the disaster) is to arrive at the most straightforward construction procedure, it is etjually

important to know what data can be left out. without its predictive ability being seriously

undermined. The importance of particular pieces of data also may be tested by noting by how

much the various multipliers cakulated by the model are (hanged when these data are omitted

from the construction of the SAM, If the shifts are large. then it is nel.:essary to ensure that these

data should be included precisely,

Beyond this, since the secondary objective is also to develop a procedure which could recome

a part of the on-going planning process for the locality once the recovery phase has begun. it is

necessary that the model can be systematically updated as new data become available. For some

localities. it may be possible to construct a table without applying some data from outside.

However. even though a considerable amount of data were assembled for the 11)79 Arub'l. SAM.

it was still necessary to base some minor entries (in the inter-industry transaction table) on data

from outside the Island. The available data for IYY(J for Aruba are less complete than those for

1979. although this situation should change when present Census and Business Surveys are

complete,
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8.4 Details of the Table Building for Aruba

The overall procedure for constructing the 1990 SAM for Aruba is summarized in Figure 8-1.

The data and results of each step are given in the accompanying Tables 8-1 to 8-V.

Step One: The initial "national" SAM which is the 1979 Aruba SAM as presented in "NDP83."

To facilitate scaling to the 1990 data and present situation of the Island. certain entries have been

reorganized. In particular. the former Central Government and Island Government accounts have

been consolidated. This table is essentially that used to "track" the 1979-1990 trends as reported

earlier.

Step Two: The shutdown of the oil refinery in Aruba was a major economic disaster. at least

equal to that which could arise from any conceivable natural disaster. The simplest way to obtain

a frrst approximation to the impact of this event on the Island's economic structure is to scale

the row and column entries of the 1979 table by the ratio of employment by secror before and

after the shutdown. ]n addition, local oil purchases are re-allocated as imports.

The resulting table is unbalanced in that the income and expenditure of each account are not

equal. This is relatively unimportant since the majority of entries will subsequently be re-scaled

using sector specific data. Nevertheless. it is useful to include rough balancing items in the "Rest

of the World" accounts (the block of entries 21-23 in the bottom right comer of the matrix). This

provides a "first-cut" 1990 SAM for Aruba (in 1979 values).

Step Three: An aggregate matrix of national accounts for 1990 has been prepared from data in

the 1991 Annual Repon of the CBA. These data provide the overall "targets" to which all other

data in the model must conform. Particular blocks of entries from Step 2 will be scaled to the

totals shown here. In order to test the procedure. it is immaterial whether these data are correct.

Indeed. since they are derived principally from the cash flows recorded by banks in Aruba. it is

possible that they typically underestimate the level of activity on the Island.
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IProcedure for Matrix Construction

Balanced onvergen;l I
1990 SAM HoIII--------------L----<~·Tesls dJ

FIGURE 8-1 Procedure for Matrix Constructioo
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Step Four: The magnitude of equivalent blocks as pre-scaled in Step 2 and the target table are

shown and their respective ratios, typically between 2 and 3. In order to test the ability of the

scaling procedure to deal with anomalous situations, some entries are arranged to be anomalous.

In the original matrix, for example, imports of capilal goods were treated as a direct import.

whereas in the new table these are treated as an indirect import (via production sectors). The first

step in the scaling procedure is to multiply every entry from Step 2 by the relevant ratio. For

example, all factor payments from production activities are multiplied by 2.8.

The national accounts do not specify the extent of inter-industry transactions, or even aggregate

intermediate consumption by sector. Consequently, initially these entries are scaled en bloc using

the average ratio of 2.6.

This provides an approximate SAM for 1990, measured in current AA million and consistent

with the aggregate national accounts.

Step Five: Additional derails are now added. Estimates of the contribution to GOP of tourism,

conunerce and construction have been made by the IMF. In addition, the CBA records data on

tourism revenues and conunodity and service exports. These are used to adjust the entries in the

matrix. For example, the four entries for tourist expenditures (Column 21 from Step 2) which

currently sum to 815 are each multiplied by 6251815 =.17. Information on imports by sector

are not known. However, since it is desired later to compare results with those from the IMF

model, the assumption of that model that tourism imports are 32 percent of revenues (AFI 200

million) is used.

Step Six: Again further details are added which sub-divide the data introduced by Step 5. Some

data are available on wage rates by sector (consttuetion and tourism) and information on relative

rates for all sectors are available from earlier y~s, providing estimates of total wages by sector.

These estimates are now used to sub-divide the factor payments by sector between their wage

and nOI'l-wage components. Similar scaling could also be introduced at this point to modify

housdlOld spending by sector using current CBS price indices for the "high" and "low" income

8-12



households represented in the SAM. At this level of detail some possible inconsistencies in data

are noted - for example. for the thriving construction sector the estimated total wage payments

are only slightly less than their estimated contribution to GOP.

Step Seven: Preliminary details relevant to elaboration of lifeline systems are now added to the

model by including information from the annual accounts of the water and electricity production

and distribution companies. This includes information on intermediate expenditures on raw

materials. maintenance and services. wages. subsidies and taxes. The former net subsidy to the

utilities sector is reversed at this stage. The fuel sector (the re-opened transhipment and refining

companies) will be added later. Because of the potential over-<\('termination of wages (from the

inconsistent data introduced in this Step and Step 6) wage payments are not re-scaled at this

point.

Step Eight: Since data <is to the total expenditures or income is not known for every account,

these are now initially fixed by scaling the columns and then the rows of every account so that

first the column and then the row totals each equal the current average.

The above adjustments have introduced information at severdl levels of detail. From the point

of view of testing the model, no further detailed information need be entered.

Step Nine: The result of this "first round" of scaling is shown. At this stage. none of the

required targets are met because the application of each new piece of data has disturbed the

earlier adjustments. For example. even though the first scaling in Step 3 matched the SAM to

the aggregate national accounts for 1990, the current bloc totals no longer conform to these data.

The scaling procedure (from Step 3) is then repeated but with Step 2 replaced by Step 9.

Step Ten: Satisfactory convergence - taken here to mean that all targets are met to within one

percent is achieved after about 20 iterations of the above procedure. In general. the number of

iterations required to achieve convergence will depend upon the desired precision, the number

of entries. the degrees of freedom in the balancing of the data (essentially the difference between
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the number of entries in the table and the number of constraints applied), and the "tightness" of

the remaining adjustments. If most of the "unknown" entries are nearly determined explicitly or

implicitly (e.g. as a residual), then the adjustment process may take many recalculations.

The income and expenditure totals are in good agreement for all accounts, and the table conforms

with all the target data which has been introduced. The final SAM for 1990 shown in Table 8-V

also agrees with the aggregate national accounts data to well within I percent. (Note here that

although there appear to be some remaining inconsistencies between the fmal matrix and the

target matrix and between the row and column entries these are the result of various "dummy"

payments - income to domestic servants from high income households and unrecordf.d tips to

hotel workers by tourists).
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SECTION 9

FORECASTING WITH THE 1990 ARUBA SAM

9.1 Backcasts and Forecasts for 1986·2000

It is obviously not yet possible to test forecasts with the I\j9(j SAM against actual future events.

However, a "backcast" (retrospective forecast) of events from 1986-1990 can be evaluated. This

is because the marginal impacts for a given exogenous impact are constant from year to year.

since the coefficients of the SAM are constant over the horizon of the forecast.

The backcast consists of entering the historic (pre-1990) tourism revenues and related

construction expenditures (hotels and infrastructure) into the model. as well as overseas income

derived from other sources (such as commodity exports and re-exports). summarized as an event

matrix in Table 6-1.

The forecast consists of entering the expected revenues and planned expenditures (CEP ­

Government Capital Expenditure Program) from 1991 to 1995 with an extrapolation to the end

of the century.

The direct employment provided by these exogenous expenditures from 1986-1990 are shown

in Figure 9-1. Hotel and public infrastructure construction are largely complete by the end of

1992 and 1995 respectively. Tourism revenues and other inflows are expected to grow until

1995. Beyond this, a no-growth scenario is assumed. Figure 9-2 shows the total employment

induced by each of these components separately.

The employment increase due to the above factors between 1986 to 1990 is calculated about

18.000. Again. the results suggest that much of the employment growth in Aruba over this

period has arisen from the construction boom, rather than the growth in tourism itself. NOle.

however. that the delayed effects from the shutdown of the refinery are not included in this
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calculation. This backcast with the IYYO model is in reasonable agreement ""ith the combined

foreca~t for construction and tourism revenues made using the IY71) model given above.

The forecast from 191) I to 19Y5 - based on expectations for tourism and government capital

expenditures, suggest.. that the increase in tourism and the "front-loaded" CEP may be sufficient

to offset the end of the construction boom. It is also possible that delays in the hotel

construction program will smooth the levelling-off in total employment. Beyond this. growth in

exports suggests that by 11)1)5 about 20 thousi:tnd jobs in Aruba will depend directly or indirectly

on tourism. Less than 5 thousand will depend on income from other external sources. The

downstream effects of die construction boom and the current CEP will by this time be rather

small. Nevertheless, extending the horizon to the year 2,000 - assuming no further increase in

tourism - suggests that by this time. without further diversification of the el.:onomy, the Island

will be very dependent on the tourism sector for more than half of all employment.

9.2 Sector Specific Forecasts

The backcastlforecasts between 19X6 and 20(XI have been calculated for two sectors, construction

and commerce, using the 1(1)() model. For each sector. the impact is sub-divided into the direct

and indirect employment arising from different soun;es of income.

For the construction sector, Figure 9-3 shows that the direct employment arises from the hotel

construction and the CEP takes place prior to 1995. Neither activity has a substantial downstream

impact on other domestic and private construction. The indirect employment in construction

(largely private housing and businesses) comes from tourism and other foreign earnings.

Obviously the type of construction required and businesses and employees involved is likely to

be very different between the hotels and private dwellings. It is likely that these projects

underestimate the effect of the present bottle-neck in housing starts.

For the conunerce sector. Figure 9-4 shows that the direct employment arises from tourist

purchases and re-exports (primarily retail and wholesale respectively). Both stimulate significant
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downstream employment in the commerce sector. Again, the type of commercial activity is quite

different for the different components of demand.

Together, the charts indicate a considerable restructuring of jobs and job characteristics in the

years ahead even when the total level changes steadily.

9.3 "Disastrous" Changes in the Level of Tourism

The tourism boom clearly has brought considerable income and employment to Aruba, and

"rescued" the Island's economy from a potentially disastrous situation. Figure Y-5 shows the

income accruing the private and public sectors of the Island's economy over a ten year period

from a doubling of the level of tourism, essentially an additional AFl 620 million of tourism

revenues, the 1990 level.

Tourism is, nevertheless, vulnerable to both natural and economic events. At the request of the

Aruba Disaster Preparedness Committee, the model has been used to estimate the impact of a

sudden decline in tourism, for whatever reason, whether damage from a hurricane or earth tremor,

or an oil spill from a passing tanker. The latter is increasingly possible since the part of the

refinery re-opened as a transhipment terminal (operated by Widdand), and scaled-down oil

refining started up again in 1991 (operated by Coastal).

The Island is systematically improving its ability to cope with natural disasters such as hurricanes

or tidal surges, and has identified a number of potentially vulnerable locations.

As an illustration of the potential impact of the loss of tourism, this section examines the impact

of a sudden total collapse of tourist revenues. For tL~, the updated SAM model based on data

for 1990 is used, with the expenditures by tourists eliminated. The results given in Figure 9-6 for

employment. total value added (Le. the change in GOP), and government revenues, show how

the economic impact would increase with time. Total employment. for example, would fall from

the present 26,000 to about 15,000 in the first year, and to less than 10,000 after about 5 years.
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The impact of this decline in employment in each of the production sectors of the economy (ten

years after the event) is also shown. As might be ex.pected. the impact is uneven. and depends

only in pan on the strength of the direct links to the tourist industry.

Unlike the former oil industry in Aruba. tourism is distributed across a wide range llf individual

hotels and other activities. so it is highly unlikely that a total collapse would occur. Nevertheless.

it is not unknown in the Caribbean for a tourism industry to fail dramatically as a result of

natural and other events. It should be noted. however. that the effect of doubling the size of the

industry (the mirror image of this event) ~own in Figure 9-5 is potentially equally dramatic since

this would push overall employment on the Island to nearly 57.000!

9.4 Economic Overshoot and the Balance of Payments Trap

Since the Aruba SAM summarizes the economic exchanges between the various economic actors

on the Island (such as tourists. hotels. shops. workers. households. and government) as well as

their transactions with the outside world (via trade and overseas payments). it permits the total

impact of a given change (or set of chl1nges) to the economy to be calculated. including the

estimation of total inflows arising from the expansion of the tourist industry.

In this section. the 1990 Aruba SAM is used to explore an important macro-economic policy for

the future of Aruba - the possibility that the "dramatic success" of the tourism based recovery

strategy has led Aruba into a "Catch 22" trap. The Island can achieve a balance of payments

equilibrium oniy if it continues to expand its tourism sector. but if tourism is expanded funher.

the Island faces a politically unacceptable level of immigration.

DEACI have calculated that the tourism development which has taken place in Aruba over the

last five years may have had an adverse impact on the Arubian balance of payments (Robles.

1990). Thus, while tourism has become the major expon industry of Aruba, the total outflows

required to support the industry so far have been greater than the foreign exchange inflows they

have brought to the Island.
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The suggestion obviously has WOrrIsome implil:ations for Aruba since future development.

induding a positive outcome for the balam:e of payments. are predicated on the l:ontinued growth

of the tourist industry, and reports by the international lending ilgcncies. such as the iMF, see this

as a nitkal indi~:ator of the Island's performance.

The use of an input-output model to meilsure billam:e of paYlllellts is il demanding tes\.

Nevertheless, even though the model has oct'n l'onstflJl..'ted as pan of an exploratory study and

the results are tentative. they lend support to DEACI ~:oncerns. since tht'y show that both in the

short-run. and in the long-run. the l:umulati"e balan~:e of payments impad of tourism on the

Island's e~:C'nomy rnay be negative. In the short-run, this :.lfises because of the stan-up l'osts

assol'iated wIlh tourism, and in tht' long-run because. even after touri ...m revenues have begun to

level-off. private and publit .,pending will l'ontinue to catch up with the dfecl\ of the boom. This

may be the l:ase even when the medium-run cumulative balance of payments i., pc_itive.

The l:akulations presented here are based on the average performance Of the Island's el'onomy.

However, they suggest that. in general. the cumuliltive impact will depend on the prel:ise details

of (i) to (iv) above for eat:h tourist related projed - for example. the share of food imported by

hotels or restaurants, the level of repatriated earnings or the rate of interest on infrastrut:tule

related development aid. In some l:ases, the long run net impan on the Island's balance of

payments from individual proJet:ts is likely to be neg.Hive, In other l.:ases it may be positive.

The cakulation of DEACI is based on imp.m-export data for the years Il)XfJ to Il)){l), Sint:e this

was a period of rapid expansion of tourism in Aruba it might be argued that this "start-up" phase,

whil:h indudes a good deal of I:onstru{;tion, might be untYPI{;al and that eventually the situation

would reverse to a positive balanl.:e, Thus the t:akulation may be l:orrel:t but not apply to

forthl:oming years, This reversal appears to be the I:ondusion of the m:ent IYl) I IMF report to

the Prime Minister of Aruba.

The DEACI calculation assumes that the entire island economy supports tourism - in oWn words

all imports to Aruba are ultimately tourist related, With the input-output I:akulatiofl it IS not



nCI.T""ary 10 makc such a blanket ;l""umptipn, \;t'\ertheit'"s. it j" rca"unabk to supro"e that

oUlfluw" "llOuld include ii, Ihe dircl.'t Illlplllh olthc hotl."h i.llld loun,,1 relalcd aUi\itics. Iii) the

impurt rc4ulrl.'Illcnh 01 thl.' cumtruniun ut" tWII..'h aIIII rdated IIlh a"lJ ucture. (iii) lhe import

,l'quill'lllents of the Iabllr lurl."l' "uPPllrtin~ the holt'l indu"tr:;. and the bu"inl'ssl', they in turn

dqJl'nd upon. and (iv) IhI.' final1l.'ial llutflu\\, uf repatriated earninp hy furl'ign \\ orkcr" allli

bu"inc"ses, In other wonI'>. lhe I.:akulation al'counh fqr thc full IIp,,trl'JIll Jlld dU\llhtreJI1l impurt

reljuircml'nt" ari"ing from Iht' touri"t IlIdu\try, n.dudin~ intere'\l payment" Oil burnn\ in~ hy Ihl'

gO\crnlllt'llt or pri\;lle in\l'stor\, IilflO\\\ arc mainly the lorei~n e\l'hangl' tllUri\h hrin~ to the

j"land. but Illay ;t1so inl.'iude dnelupllll'lII did for tUUJist related prole..:ts alhi in\l."\!n1enl finiJlll'e

by businl'"se",

9,5 Halam:c uf Pa~ments Calculatiuns using the 1990 Aruba \Iudel

The event matrix currespondin~ to the propu"cd c\pamiull of the touri"m sl't:lur Jlld thl'

con"tru..:tillll prugralll so far announccd (uP 10 Jnd including the Draft Il)l)J. iYY5 Arub;t Public

Expenditure Pmgr;lI11) is ,ho\\.n in Table 9-1. The BOP ;mpll\."atiolls 01 tht: tourism boolll are

calculated from this table u"i"F th~ three approxilllatilln, to the lagged Illodel disl.·us"ed

previously when testing of rl1(' ]lJ7l) SAM.

Appruximation One: Fi\.t·d lIuril.On Model

The first exerl.'ise reviews the cumulative illlpact on the halance of paymeJlt, over a ten year

period (a typil.:al tax-holiday) for a fixed amount of touriSil1, The total inflows and outflows

asstll.'iated with the 1\}90 Ievei of tourist al,tivity (AFI 621 million). ;.Inc! the corresponding

re4uircd tourist rel;.lted I.'onstruction are cakulated, The latter is estimated to he a total of AFI

16Y2 million assuming a I.'ost per room of about AFI 206 thousand (in ! l)l)0 florins), excluding

other construction and publit: infrastructure,

The cumulative impacts given in Table 1.)-11 show that over the J() year period there is a net

deficit of AFI 162 million. about 2 pen.:ent of total flows. a relatively small amount. This
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TABLE 9·11 Tourism to-Year Cumulative Impacts

10-Year Cumulal;ye Income and Emplpvmenl b\i Activity
from AFI620 million in Tourism Revenues

Activity Income Jobs

Industrv 2108 3978
Utilities 907 2939
Construction 2542 34005
Commerce 3681 22039
HORECA 6424 48760
Services 4548 25200
Value Added 9757
Households 8009
Government 2038 17811

Note: income in AFI 1990 prices. employment in job·years.
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suggests that whether the net balance is positive or negative is likely to depend on the actual

costs of infrastructure and details of hotel operations. For example. a more clearly net positive

outcome obviously would arise if less income was repatriated. A much worse situation could

arise if the Island bears the full cost of hotel and infrastructure construction and there is a high

level of imports and repatriation of income.

Approximation Two: Multiple Horizons Model

This first approximation does not take account of the sI:heduling of events. However. as indicated

above. the cumulative balance ot payments is affected by the timing of the construction and

operations phases of the expansion of tourism. To clarify this. the cakulation is repeated

assuming an initial two-year construction phase followed by a sustained operational phase.

Figure 9-7 shows that the income from tourists which rises from year to year as ocl:upancy

increases (from 70 immediately after construction to 80 percent). The graph separates the

outflows associated with construction from those arising from the continuing operation of the

hotels. Thus. while the cumulative outflows from construction level off after a few years. those

from hotel operation rise steadily as their imports over successive years accumulate.

The net impact on the balance of payments (the difference between outflows and inflows) is seen

to be negative for the first three years. reflecting the conclusion of the DEACI calculation.

The cumulative surplus then becomes positive for about another five years as predicted by the

IMF model (see below). However, again the balance is marginal and, si.nce the rapid expansion

of tourism is planned to continue for several more years. it is possible that the cumulative deficit

will continue.

There is a suggestion in both Table 9-III and Figure 9-8 that the net surplus may be reversed

after some time as consumer and government spending tluoughout the economy catches up with

the increased income earned from tourism. This might indicate that a deficit can only be avoided
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TABLE 9-111 10-Year Cumulathe Balance of Payments

1Q Year Cumulative Balance of Paymt,nts
AFI 620 million of Tourism Revenues

Inflows AFLm Outflows AFLm

Tourism
Investment

Total
Balance

7165 Goods and Services 7050
483 Other 751

7639 Total 7601
-162 (about 2 percent of ,nflolll/sl

NOle: measured in AFI 1990 prices.

TABLE 9-IV Impacts According to the IMF Model

ImDact QI lOOO Extra ADorns according to IMF Model.

Rooms M x

1995

Rooms M )(

5600 1275 1286 7800 1875 1835
6600 1481 1438 8800 2016 2011

Change 206 152

Net -54

143 176

+33
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by constantly expanding tourism. at least up to the level that the infrastrul.:ture share of

construction bel.:on1es greatly redul.:ed.

Approximation Three: Annual Huril.Ons Model

The third and most elaborate I.:akulation here attempts to tral.:k the tourism relatcd balanl.:e of

payment I.:omponents over the entire period between IYS() and 11)\)5. This cakulation is based on

the on al.:tual and planned tourism revenues and I.:onstruuion. The results. shown in Figure I)-X.

again suggest that both the short and long-run impal.:ts on the balance of payments may be

negative. In the short-run. this arises be\:ause of the settin~-up I.:osts; in the long-run bel.:ause

although tourism revenues are beginning to Ievel-olf. I.:onsumer and public spending is still

I.:atl.:hing up with earlier inneases in tourism revenues. The need for new maintenance of hotels

and infrastrw.:ture (not induded here) could worsen this BOP trend (although in the past hotel

l'hains in Aruba have tended to neglel.t properties towards the end of the tax holiday period).

Even without this. it seems that some of the statistks should be improved if the Island is to

evaluate its tourism balam:e of payments correctly. For example. measuring tourism revenues as

the amount of foreign l:urrenl:Y deposited in banks monitorcd by the Central Bank of Aruba may

seriously underestimate spending by tourists. inl.:ome. Taking al:count of this should improve the

BOP situation. Conversely. only hotel construction is induded in this graph, but Obviously there

is a good deal of private and publi.: constrUl:tion whil..'h would flot be undertaken but for tourism.

which should also be induded.

The data required to make a more precise cakulation here are not available. Nevertheless. the

tentati'o'e ca1l.:ulations suggest that. wllile the present moratorium on hotel development may be

essential in order to adjust to, and consolidate. the on-going boom rapid phase of Aruba's tourism

development. a new phase of tourism (or other development) will be required. if renewed BOP

difficulties are to be avoided.
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9.6 The International Monetary Fund Strateg.v - A Vulnerable Recovery?

The marginal nature of the balance of paymenh reversal is also suggested by calculations with

the IMF model which takes into aCl'ounl the declining touri,m related infrastructure expenditures

planned by the Government. To demonstrate this. the IMF model of Aruba u,ed in the !YX5

report (IMFX5) was updated so that its parameter... mall:hed data for the period IYXf, to Jt)l)(). The

IMF model was modified only ,lightly for the IMPX) repon so "hould he expected to give

similar results for the later period.

Table Y-IV shows the impact of an additional l.UOO hotel rooms on total expon, (X) and total

imports (M) in each of the years IYYJ and Il)Y5. according to this version of the IMF model.

For IYY I there is negative net impact of minus AH 54 million. but by IYY5 the same addition

is estimated to provide a net positive impal't of AH 33 million.

ACl:ording to IMFX5 the model played a central role in the preparation of the disaster recovery

program for the Island. that wa, prepared by the IMF However. the analysis of the IMF model

in the present study has raised the following troubling points with respe<:t to this use.

i) The results for the lMF model are very sensitive to the parameters used.

ii) According to lMFX5. the parameters used by the lMF to make recommendations for the

IYXo-l)(J period were based on data for )Y!'i(l-X5. However. the parameters which would

be needed to match the model to what actually happened in the earlier period appear to

be quite different from those used to make the projel:tions.

iii) Nor do the parameters used in the model provide projections of what would happen in

the ensuing years, whether or not the known changes in income are fed into the model

(as in the earlier tests of the SAM model).

iv) Because the IMF model does not distinguish between the import requirements of non­

tourist al:tivity. it is not possible to distinguish the impad of different phases in the
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Island\,; recmery, For example. till' halann' of paylllenh impa~'t, of ~lIll,(ru~tion

asso~'iated with lOuri'lll alld infra'trudure (aI1l1\1( 11<.' 'l'parJted fwm other hou,dlOld and

governmellt re lated impons,

v \ The Central Ballk of Aruha \I :\11'') I) notl' ... thJI "Ba...ed nil Fund 'Iaff Jlh icl'. the

authOlitie., Jeted '" iftl)' Jlld deci.,i\ t'ly," and \l1 uedih the I'll' \\ ith Illul.'h of the 'U~~'t's,

for thl' n,'co\cr~', l:\ell .,0. it i, nol at all \'lrar to \\llal e\lent Ihe fllrl'\'ast-. and

re\'ollllllelldJ(ion., deduced from the re,ults of till' mudd \H're actually lI\l'd ('ert;.tinl)'.

Iwo of the key Il'\Olllllll'lldatlllll\ "ell' IlOI adopted il\l r;lI,e taxe, and to redun~ public

"l'\tor l'mplnyment}, Mort',1\ er. it ha ... txot'll ""u~~l· .... tl'd I hy 11K' Prime \1mi.,ter of the day ~

th;.tt the Cioveflln1l'1lt kill' .... that th<.' 1\11' f110dd \\a\ fault) but h;!d to pay lip servi\'e to

the analys\s. in order to nwintain the nel."es,ary 1\11· SUppOlt.

These conn'!Il\ notwithstanding. it appear .. that the tourism dl'\elopment whidl has taken pla\'l'

since the dm.ing of the Lagn refinery has resl.'ued the Arubian ecollomy fwm J potentially \ cry

damaging nisis. ju.,t as tht' propo-ed 1l10ratorl!lJl1 on malor new tllurism illillame, ,hould enable

the Island to con,olidate the present gain" All the Gllt-ulation, suggl'st that. a new phase of

tourism lor other) dcvelopment may be needed oncc the adJu ...tment pha...c i ... lompktc. and that

it is rea'onahle to be~in to plan for this no.... , The G.Jiculatioll'" al ...o ...uggnt Ihdt. In dOing thi .....

the Island should review morc carefully the tourist rdated projects which it encourage ... and

supports from the standpoint of their contribution to the haldlKe of paymelll', Equally. they

demonstrate that in reviewing tourist related projects (as it seems the Government i, now

propo,.,ing 10 do). consideralion should be given to Ihe balan\'e of payments effects of projects

individually and collectively. for cxample. using an input-output modd somewhat more delailed

tllan that employed here. as well a' laking more precise an:ount of the external financial flows

such as interesl payment,. income repatriation as well a, commodity import-. '>pecifically related

to tourism, Thi ... should make it possible 10 distinguish those individual projects and strategies

whil'h stand a good (hance of milking a posilive contribution 10 the balance of payments from

those which probably can not.
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SECfION 10

REGIONAL ECONOMIC IMPACTS

10.1 Regions, Disasters and Lifelines in Aruba

This section describes the consttuction and application of a regional economic model of Aruba.

Even with her small size, Aruba has well defined geographic regions. which would be differently

affected by disasters and recovery programs.

Economically, the Lago oil refinery was located in the San Nicolas area, Oranjestad has remained

the conunercial and administrative center. tourism has developed in the previously sparsely

populated Noord area. while the SanUt Cruz has retained its primarily traditional local economy.

Demographically, San Nicolas has been populated by Caribbean and other immigrants associated

with the oil refinery, Noord and S~nta Cruz by the native (i.e. pre-oil refinery) Arubian

population, and Oranjestad has been the cosmopolitan center.

The changing size and geographic distribution of the population over the last 60 years. indicated

by Figure 10·1, has been driven largely by the level of employment in the refmery. Even though.

historically. there has been a relatively high level of commuting between districts, the collapse

of the oil refinery in San Nicolas and the rapid growth of tourism in Noord must be expected to

bring about equally significant changes in the future demography of Aruba.

With such strong dependencies between the various regions of the island in terms of lifeline

systems (such as water, electricity) and a good deal of daily commuting along the length of the

Island. the highly localized character of the principle lifelines, and the vulnerability of

transportation links between some districts. a regional model is necessary to assess the economic

impact potential damage to this network. Clearly. such a model could also be used to forecast

shifts in the distribution of economic activities on the Island. such as the level of commuting
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between regions. the pressures for new hou ... ing development or the level of employment and

unemployment in different parts of the hland.

To develop "u~h a model. for pre"ent purpo...e it i......uffi..:ient to sub-divide the Island into its

four prill~iple di ...tricts: San ;'\il'Ola .... Oranje tad. l'oord and Santa Cruz. These distrids

l:orre"pond roughly to tho~ sdc..:ted by thc Disaster Preparcdne,s Committee (with OranJe'tad

and Noord ~ombined).

The prinl:iple applil:ation here is to "predid' and "trad" tht" impal.:i of shutdown of the Lago

refinery in Il)X5. and the "ub"eljuem tourism based recovery progwms. on different geographi..:

regions of Aruba. This exer..:ise is simplified so as to ~onsider only the final do~-down of the

refinery. and the speed-up of the tourism development plan to off~t unemployment. Thus the

total figure" predi~ted will vary somewhat from tho~ given earlier.

10.2 Construction of lhe Regional Model

The regional model is adapted from the 1l)7Y Aruba model using data provided by the II)H I

Census. Again. the aim is to provide a planning instrument suitable for as"e"sing the regional

e~onomi( impa..:t of a natural or other disa"ter using readily available data. In the l:ontext of the

present proje~;t. this exen:ise serves two purposes:

i) to refine the praces" for conmueting regional-level models from the national e~onomy.

ii) to estimate the importanl:e of the inter-distrid networks.

The basic method of l:onstrul:tion summarized by Figure 10-2 involves four steps:

Step One: Aggregation of the 11.)71.) SAM.

For the present demonstration. labor and households are treated as single al:l.:ounts in each region.

Government. capital and firms are treated as Island-wide activities (re~ognizing. however. that
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these activities are largely cenlralized in Oranjestad l. Although it is possible to construct a

regional table with greater detail. this aggregation provides an input-output table of manageable

Size.

Step Two: Estimation of the local demand and supply of goods and services in each region of

the Island.

The supply is cakulated by reducing the production sector columns of the Aruba SAM pro rata

according to the location of employment. This also gives the demand for intermediate goods by

region and sector. Final demand by sector and region cakulated by pro-rating household

expenditures by regional household income (by location residenl:e), and government expenditures

by regional public sector employment. Total rl"gional demand (exduding overseas exports) is then

the sum of imennediate and final demand by sedor.

This process lJfOvides unbalanced regional models.

Step Three: Estimation of inter-regional pun:hasing and commuting propensities.

These are cakulated using the "gravity model" principle that the likelihood of purchasing a

particular type of good or service falls off as the distanl:e between the purchaser (household or

fmn) and the supplier (retailer or firm) im:reases and increases with the relative size of the

supplier.

i.e. probability of pun;hasing between regions i and j is proportional to D,S/d.,a

Data are available on the aggregate level of commuting between the four districts noted above

and the gravity model parameter <X has been fitted to these. The results given in Figure 10-3

show that a parameter (l = 1 provides a reasonable fit. whereas other typkal parameter values

do not. Since the model is relatively sensitive to variations in this parameter as shown by the

10-4



alternative forel:asts also given in Figure 10-), it may be argued that the gravity model IS

revealing some significant behavior.

There ar~ no wmprehensive statistics for inter-regional r;un:hasing habits in Aruba. However. the

extent to whkh pun:hasing a~tivities are localized (i.e. take pla.:e do..e to the point of rcside......·c)

l:an be estimated by c.:omparing the total supply in all regions with the total demand. For the oi'

and utilities senors, the pattern is essentially pre-determined and the results are II1sensi:i\\~ to

shifts in the gravity model parameter sim:e the supply is lo~·alized. Even though the number of

regions and amount of data ~annot be suffi~ient te prmide a "statistically" reliabk estimate, the

result; indkatcd by Figure 10-4 are judged suffiCient for many purposes.

Step .'our: Balanl:ing the multi-regional modcl.

Intermediate and final local demand is distributed between regions ac.:c.:ording to the predil.."tions

of the gravity model. Overseas exports by region are pro rated acc.:urding to regional supply.

Tht. inl:ome totals for each account are then balanced using the bi-plOponional RAS method to

mat~h the ~olumn totals obtained in Step Two.

The regional accounts so obtained are shown in Table 10-1. The local e~onoMies of the fOUT

regions lie on the diagona! of the matrix (the ~haded blocks), while the off-diagonal blocks detail

inter-regional trade in goods and servil.-es, and wmmuting by employees. The outer bloi..'k.~ detail

government c",penditures, ~apital and overseas transa~:tion:-;. The lifeline system l:entered on

produl:tion of ele~triLity and water in the Oranjestad region is highlighted.

Because the regionalized model is based primarily on simple s~aJing of the national Aruba model.

it does not display the regional variations in wage rates etc. which are apparent from the I9~ 1

Census data. Such detail may be included using the multi-proportional RAS scaling as with the

construction of the 1990 national model (described earlier). It is not necessary to demonstrate

this again in th~ present project. The model may also be scaled to match the national IY90 social
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accounts. However, the data provided by the forthl:omin!.! 1991 Census will be a better basis for

this updating.

The multipliers and impal:ts of the regional model in Table 10-11 illustrate how impa\:ts are

distributed across the Island when a given exogenous change is introduced. In this case, each

activity on the Island in each of the four regions is assumed to receive a fixed AFl 10 million.

Because of the way the regional accounts have been constructed (i.e. without introducing region

specific data on wage rates and technologies), the total island-wide effe\:ts of a type of change

(such as an increase demand for tourism) will be the same whether the demand is in Noord or

San Nicolas. However, the distribution of impacl" across the Island will be quite different,

because of the location of the activity and b&au~e of the pattern of the indirect effects. For

example, Table 10-11 shows that an increase of AFI 10 million in tourism creates 232 jobs

directly and another 213 indirectly, a total of 447. When the tourism activity is located in

Oranjestad, then a total of some 130 additional jobs are created there. but when the activity is

located in San Nicolas, only 46 additional jobs are created locally. This is because a high

proportion of the income generated in San Nicolas "leaks" back to the capitol Oranjestad. as

purchases by households. firms and g0vemment.

10.3 Testing the Aruba Regional Model

In principle, the regional model should be tested empirically as with the 1979 Aruba model, by

tracking employment and other trends from 1979 to 1990. Unfortunately. no annual regional data

are available for this. However, data are available for a single period 15 months after the crisis.

In order to assess the magnitude of the crisis, the Government in office set up Unemployment

Registration Centers across the Island for a short period from May to July in 19X6. In all some

5,235 jobless were registered. To ensure full registration, some 14 offices were set up for the

first month, later to be consolidated into 4 regional offices (San Nicolas. Saveneta, Santa Cruz.

and Noord) and one principal office in Oranjestad. Registrations in the four regions were 778,

2,238, 599 and 1,622 respectively, totalling 5,237, as shown in Table 10-11I.
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TABLE to-Ill Regional Unemployment 15 \1unths After the Shutdown

ReQional Unemplovment 15 months after Shutdown of Reftnery
HOME i

WORK N 0 SC SN Net(ll Madel:
N 88 92 45 97 322 322
0 I 197 727 367 342 1633 1633 !
SC 32 70 289 115 506 506
SN '101 256 217 1561 2134 2434
Govt 50 185 93 87 415 1115

\HCme 468 1330 1011 2202 5010 6010
i

WorK 322 2048 506 2134 5010 I I
Reqister 778 2238 599 1622 5237 !

Ncte: Adjusted for publiC sec10r emp:oyment policy
and Lago job finding policy (1)
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The predictions from the model of regional job loss after a 15 month time horizon have been

matched to these figures. Since it is not known whether registration was predominantly at the

place of work or place of residence. so predictions are shown for both. The comparison given

in Figure 10-5 shows that the "place of work" prediction is closer to the registered figures. except

in San Nicolas, which is the geographically most isolated township. For San Nicolas. the

registered unemployment is rather less than predicted by the model. This may reflect the efforts

by the refinery to find new jobs (generally overseas) for its own ex-employees.

10.4 Regional Impact of the Refinery Close-down

Since the above test relates only to the shorter-run regional impacts of the shut-down, a second

exerdse gives predictions of the impact of the close-down of the refinery on the four districts.

These are calculated to a five year time horizon. together with the net impact of doubling the size

of the tourism sector. calculated to a three year horizon. The impacts then are compared with

the regional situation in Aruba as recorded by the 19K 1 census.

The results are given in Table lO-IV. The table shows the number of jobs provided in each

region and the amount of wage income received in each region (after taking inter-regional

commuting into account). The chan also shows the total level of household income (including

non-wage income) and government revenues.

Briefly. the results suggest that had the full effects of the refinery shutdown been felt. by about

1990 some 64 percent of jobs would have been lost in San Nicolas, compared to 45 percent in

Santa Cruz and 13 percent in Noord. In Oranjestad 36 percent of non-government jobs would

be lost The impact of this regional unemployment Gn household incomes in each region is

muted somewhat because of commuting between regions. Households in San Nicolas would have

lost 60 percent of wage income compared to 44 percent in Santa Cruz, 36 percent in Noord. and

41 percent in Oranjestad.
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Regional Layoffs: Predicted vs Register

25°°1 I
I

2000

'"
1500

'"w
:0
0....,

1000

500
+

0
N 0 SC SN

Region

1---- Home -+- Workplace -- Register J

FIGURE to-5 Regional Layoffs: Predicted versus Register of Unemployed

'I'A8...: to-IV Regional Impact of Refinery Shutdown and Tourism 800m

RegIOnal Impact of Rerln£ry and Tourism

Item

Jobs at PI""e of Work:
Noord 4518
O'slIld 8269
S Cruz 1579
SNit 4645
GoVI 4535

Refinery

Loss
-609
-2958
-718
·2916
-2466

Refinery and Toumm

Net Chanlle
SS19
-398
-341
-2338
-1224

Walles al Place of Residence (Af rrulllon)
Noord 43 -IS 11
O'slIld 114 -46 -I
S Cruz 73 -32 -1
S r-"t 144 ·81 -46
Totol 314 -180 -12

Note, vanatlons 10 the !lll!Iloss 10 the Island compared to other prevIous ca!culltaons arise becaUK of &CJuslment.
10 lhe dalIl set.
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A, might be expected (and a, on-,ite oh,en atlOIl in lllx(1-X7 lnl~lInl:- indil~tlcd I. the impad on

San Nil."ola~ \\ a ... signifil."antly higher than in othn pJrh of the hland. 1:\ en though the total

employment in Lago WiI'" Ie" than 1.3(1ll \\ orker, of \\ hom ahout half \\ ere re ... ident ... llf San

Nicola,_ nearly 2.)(1(1 nlln-llil joh, would ha\l' heen Imt III the Im\ II (includlllg Sa\t'lleta l.

HI.S Regional Impa(:1 of Iht' Reco\ er~

The primary iniliali\t· of the renl\ery 'tralq:y wa' 10 expand !lluri'lll a.. rapidly a ... ro"iblc. in

order to rcducc the high Inl'l of unclllplo}'Illl'1Il lin the "land, Ihml'\L'r. ,inn: thc nt''''' hott'l-,

werc tll be l'lHlstrudl'd in :-"oord. at the orpl"ltl' end llf the hl.lIld fWIll the rdinn). thi, \\J'

hound to creatt' ,nillu, rt'glOnal di,paritie .... IlIlkl'lL thl' relo\t'r:- ... trJtq.:) Jppl'ar, to ht· IeJdlllg

to a ma"ive ,hift in the economil' and dcmographic geography of t!lt.' "land. One oh\ IOU'

ljue'tion. therefore. l'Olh:erm thc future regional balanl'e of \H)fk plan' and re ... idenl'(' alTo,"" till'

Island.

The Illodel may be u...cd to c,timate the reperl'u"ion, of thi, poliq'. ~Udl a~ thl' le\c1 of

commuting between regions. the pre"ure, for ne\\ hou ... ing de\e1opn1l'1ll or the regional ... hift in

employment.

The likely regional impact of thi ... recovery strategy is l:ah.:ulatcd trehling the level of lOuri,m in

Noord is calculated (this is the amount of tourism rCljuired tll bring the total Island employment

approximately bal'k to it\ former level I. But although employment i~ re,tored overall. thi ... doe ...

not. of cour-.e. re ...tore the regional employment halance on the I\land, Indeed. the result, of the

calculation. also shown in Table Ill-IV, show that the San Nil'olas economy would still provide

only half the number of Jobs prior to the dO\e-dowll. Even in S.IIlI<J Cruz. mUl.:h doser to the

new hOlels. the number of Jobs would ...till be reduccd by some 22 pen:ent. In l.'ontras!.

employment ir. Oranjestad would be pral'til.'ally restored to its former level while in Noord

employment h;1'o risen by 2-' pen:t.>nt. On balance. household wage income in San Nicola, has

fallen by about 30 perl.'ent. while in Noord it ha, ri ...en by 25 pen:ent.
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10.6 An Alternalhe Regional Stralcg.v

The results of the above calculation are a fair rl'lleclion of the prc\enl regillflal dneloprnenl in

Aruba. a ... determined by the ta-.:ti\.· of expanding touri ...m ;.It one end oj the bland in order to

-.:ompen ...ate for Ihe ...huubw n of the major indw,try al the other.

The monel Illay al ...o be used to explore alternative .... A ... an Illu..,tration. the l'OIbe4uenn.'''' for

regional employment of kKating all the new touri"m COlhtruded in Aruh<l ... in,:e 19X6 in San

Ni\:olas in ...tead of ~oord are -.:akul:.tted. 'ot surrll ... in~~ly. the re ...ulh ",ullJlllarized in Figure 10-6

sugge...t that su-.:h an approa-.:h would have resulted in a \.·on ... idcrahlc rt'dUllion in the regional

imbal<.tnl."e of employment and residrm:e.

The last results correspond approximately to the situation in Il)Xl)-l}(1 and do not take a-':I:ount of

tht' partial fe-opening of the refinery with the Wil.."kland oil terminal and Coa ... t<11 oil rdining

activities. Whik these initiatives arc likely to have an imponant impal.'l on San Nil.."ola .... they are

unlikely to compen ...ate for the 10...... of the Exxon refinery. The t:ol1lractu:.tI arr:.tllgemenh with

workef:-' and the Government are very differcnt: employment i.... ..,mall (with all l:onstrUl.:tion

l:arried out by worker... temporarily i1llponcd from Turkey), and ten-year t<lX holiday'" have been

gml1ted.

10.7 A Regional Lifeline E\ent Matrix

The primary reason for constrm:ting the regional model is to permi r \:eftain aspect:-. of the

"lifeline" systems to be investigated. for example, the importam:e of interregional water. power,

fuel. and transportation links. As an illustration of the impai.:! of a failure of the lifeline system.

it is assumed that the town of San Nicolas is totally I.."ut-off. As the earlier map of the Island

shows, there is a significant pos...ibility that this part of the Island l:ould be di"t'onneeted fllr a

short period through flooding or other disa ...ter. The only paved road between Oranjestad and San

Nil:olas runs along the low lying t:oast, as do the fuel and water pipelines between the refinery

and the publit: utilities stations.
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To simplify the diSl:ussion and l:akulation here. all links bel"ccn the San Nil'ola~ dj~tril'l and

other parts of the Island are taken to be dis\:onnel:ted for an extended period (i.e. several years).

with eal:h region maintaining its level of prodUl:Iion innea ...ing Import'- from overseas Ito

l:ompensate for lost inter-regional tradel. There are no l·hange ... to the proportion of expenditures

between those parts of the c\:onomy whil'h are not de-linke-d. Nur is any time Sl:ale given for

recovery.

The event matrix l:orresponding to thi" assumption is shown in the Table \(1- V. and is simply a

matrix of zero and unit entries. In a more realistil' l'ase. entries would be based on estimates of

the damage sustained by the different parts of the el'onomy. for exampk. this matrix may

an:olltlt for the "survival rates" of the immediate post-disaster phase and the "recovery rates" of

the post-disaster phase. Combined with the original regional al'l'ounts. these d:lta provide the

new set of regional al'counts which then are u-.ed to evaluate and plan for thr "post-disaster"

situation.

The loss of internal linkages on the Island following the disastt:r means that many of the original

feedbal.:k processes between the regions of the Island whilh l:omribute to the multiplier would

be lost. The extent of this may be seen by l:omp:ii1ng the impal'ts of a fixed AFI 10 million

demand for each activity for the "post-event" situation. given in Table to-VI. with the earlier

results for the "pre-event" el:onomy. given in Table 10-11. Now. for example. an additional

demand for tourism in OranJestad creates 232 jobs directly. but now only a total of 37X island­

wide. and none in San Niwlas. The ~me new al:tivity in San Nicolas (Teates a IOtal of 203 jobs.

all of them local since there can be no spill-over to other parts of the Island.

While the above example is artificial. it demonstrates how the approach may be used to address

rather complex disaster and recovery scenarios. In parti\:ular. by setting up annual event matri\:es

describing the current survival and recovery rates. a detailed planning strategy may be explored.
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SECTION 11

~OCIAL IMPACTS AND TECHNOLOGY POLICY

11.1 The Impact on Economic Cultures

Many studies of the aftemlCath of Hatural disasters have shown that the impacts fall unevenly

across populations. Moreover, many studies argue that the disaster-recovery process should be

seen as part of the overall long-term development of the regions economy, taking account of the

needs of various population groups, particularly with respect to their differing needs for training,

education and public resour<.:es.

To examine these issues, another more culture sensitive sub-division of the economy is required.

This "cultural accounting matrix" (CAM) sub-divides the Island's population according to their

technology-related "cultural heritage." Although the categories are designed to illustrate how

different segments of the population are integrated into the economy of the Island. they can be

related to the sub-divisions adopted by American and Dutch anthropologists who have studied

the Island. For simplicity. the four cultural-economic categories are taken to be:

Traditional-Arubians: The original Ameri-Indian population of the Island were essentially fisher­

folk and small-scale agriculturalists who. for present discussion, might be characterized as sharing

a "traditional" economic culture. The economic culture which evolved after colonization by the

Spanish (and later the Dutch) among the Papiamento-speaking "Spanish-Indian" population was

a peasant (or pre-industrial) economy based on small holdings and casual labor on the island and

overseas in plantations and mines. The arrival of the American owned refinery in the late 1920's

brought an abrupt transformation of the Island, which pushed the traditional economy of the

island to the sidelines. so forcing the majority of the population into a dependent economic

culture. Because of the handicap of an unorthodox language and poor time-keeping and

unreliable work habits. the Indian descended Arubian group were largely left behind by the

economic bandwagon created by the refmery. Despite this. the opportunity for hand-outs from

the refinery (via the system of kinship with other native Arubians of Western descent) enabled
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the Indo-Arubians to eXJlerience a significant improvement in income even without acquiring

corresponding industrial skills. This created an economic culture characterized by a mismatch

between production and consumption skills.

While post-war education has enabled many younger Indo-Arubians to move successfully into

the modem economy, in terms of economic and educational development, the group as a whole

poses special problems. The rural population of Aruba, for example, suffer high levels of

alcoholism (as did workers undergoing similar rural to urban transitions during the industrial

revolutions in Europe). The characterization of this particular component of the present day

Arubian population as "Traditional-Arubian" is therefore to suggest that this group continues to

share many of the same difficulties in assimilating into a modem industrial economy that

"traditional" populations have confronted worldwide, in and out of situations arising from natural

disasters.

Migra!1t-Arubians: The Migr..nt-Arubian population also may be viewed as having a "dependent"

economic culture. However, the mismatch between skills and consumption is the reverse of that

which characterizes the Traditional-Arubians and, for purposes of present discussion, they are

taken tC' be representative of a politically weak "minority" population. Many are regionally

mobile within the Caribbean and or retain an "immigrant" social status even though they are born

on the Island. This population comprises three groups - those descended from Africans who were

brought to the island mainly by Dutch traders in the early nineteenth century; the "Windward

Islanders" whose parents were recruited as skilled laborers to work in the refinery; and those

arriving more recently as casual and domestic workers from other parts of the Caribbean.

To oversimplify, the three sub-groups in the Migrant population are drawn respectively from the

Dutch, English arid Spanish speaking Caribbean islands - and came for different reasons to

Aruba. Because there were no large-scale plantations in Aruba, the economic skills of the

original African population of Aruba were similar to the Indo-Arubians. However, the group had

fewer kinship bonds, and - because. at the time of emancipation, land was distributed only to

those "born free" on the Island (in an effo" to encourage ex-slaves to leave), they had fewer ties
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to the land. The oil refinery workers in contrast were recruited for their specialized skills from

the English speaking Caribbean. Although this group was eventually largely excluded from the

better paid jobs in the oil refinery, many had already a culture of learning and benefitted further

from the educational programs initialed by the refinery. Today, the descendants of these workers

often occupy professional and technical positions in tourism and other service industries. Despite

these apparently high skills, there are very few entrepreneurs in this group. Finally, the most

recent Afro-Arubians are mainly women in extremely insecure domestic jobs, and other

temporary (and sometimes illegal) immigrants in low-skilled occupations. While there are clearly

distinct differences in the skills and experiences of the Migrant-Arubians, they share a history

of the most socially destructive form of colonization. and, within the present division of labor,

they are largely dependent on wage income.

Modern-Arubians and Expatriates: These two groups represent the "dominant" economic-culture

of the Island. in the sense that the ~iority of economic policy of the Island govenunent and the

successive development plans prepared by Dutch and international agencies usually embody

assumptions and values which this group dictates or shares. The original Modem-Arubian

population is descended from the Dutch and Iberian settlers and refugees who arrived in Aruba

prior to the arrival of the refinery, with later components drawn from the many immigrants of

diverse nationa.:ities who carne to work in the refinery or the expanding economy and who then

seeded permanently on the Island. The native Arubians of European descent fonned the social

elite of the Island were able to adapt more readily than the Indo-Arubians to the rapidly

expanding economy by building on astute commercial and political skills. Although the group

is extremely heterogenous, comprising people of many nationalities, all have acquired the

economic culture of metropolitan countries, in terms of entrepreneurial skills and lifestyles.

The Expatriate population share much of the economic culture of the Modern-Arubians, except

that they are temporary residents with typically higher skills, incomes and occupational status.

To some extent this is offset by their relatively weaker political connections and influence ­

economic development programs and subsidies, for example, are directed to promoting local

business, while tax collection focusses on foreign-owned businesses and expatriate households.
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In Aruba. the expatriate group comprises primarily Ameril:ans and Europeans (on temporary

assignment to the oil refinery or international hotel chains and finance houses), or Dutch nationals

(working in the publil: administration, edul:ation or small business). and South Americans in

somewhat lower status ocl:upations.

The labor force and I:orresponding households are I:ategorized in this way to illustrate the cultural

division of latl\J' - Le. the fact that different groups in most societies, induding Aruba, have

rather well cefined occupations in spel:ific production sectors, and have markedly different

income levels and consumption patterns. As indicated earlier, such a division is also very

important for peoples subject to natural disasters. because typil:ally different cultural-economil:

groups. because of the areas they live. the type of buildings they live in, the work they do. or

their al:cess to supportive social networks or public relief. are affected differently by natural

disasters. or indeed any kind of economic change. The CAM approach therefore also provides

the possibility of setting the disaster into the "developmental" I:ontext advocated by Cuny (1 (83)

and Jones (1989).

The Aruba cultural accounting matrix is shown in Table II-I. As in the previous tables, the

entries are amounts of money paid by different economic actors, produl:tion activities, household.

government. and so on. to each other over the course of a year. In the table. the top-left entries

are payments between production activities in the economy; the entries below this show payments

to workers and entrepreneurs and owners; the adjacent entries show how thi\ is distributed to

households and firms (as legal entities); and so on. The row and column totals for each activity

are their total income and expenditures in the course of a year. respectively. For present

discussion. the division of households into cultural groups is the most important feature of the

table. The total income of each of the population groups is shown in the household totals of the

matrix as 165. 67. 317 and 90 AFl million respectively. Given the proportions of households

noted earlier. this suggests that the income of Expatriate households is about three times that of

Modern-Arubians. and about five times that of Traditional- and Migrant-Arubians. The table

shows that the relative shares of income paid to each cultural group by the various production

sectors differ markedly. reflecting both the vertical and the horizontal division of labor in the
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Arubian economy. For example. Migrant-Arubians earn about 5 peKent of the total wage income

from the commerce sel:tor but 16 percent the total wage im:ome from services. Traditional­

Arubians earn 24 percent of the wage income from commen:e and 22 percent from services.

The composition of the laoor force at the refinery is also distinctive ""ith the result that the

skilled workers made redundant when the refinery closed would be drawn differentially from

each population group. Of the approximately 1,300 jobs lost from the refinery (from 1979

onwards). 427 are estimated to have been occupied by Traditional-Arubians. 21() by Migrant­

Arubians and so on. Of the T:-aditional-Arubian jobs. 34 were professional and administrative

workers. and 314 were production workers.

The overall loss of employment by each of the population groups depends in turn on their

positions in other sectors of the economy. The extent of this unemployment by sector,

occupation and population sub-group is summarized in the Table II-II. This shows an estimated

economy-wide job loss of about X.200. Of these. 2.855 jobs were lost to Traditional-Arubians,

1.533 lost to Migrant-Arubians. and so on. Of the Traditional-Arubian jobs, 215 are calculated

to have been administrative and professional. 1,610 were production workers, and so on. Across

the economy as a whole, the results show that a total of 1,182 professional and administration

jobs are lost, and a total of 3.686 production jobs. and so on.

The effectiveness of the recovery program in off-setting these job losses can be explored by

assuming an increase in tourism just sufficient to bring total employment back to its original

level. Because of differences in the cultural and education...l composition of the labor force

across sectors. the net effects are bound to be rather unevenly felt by the various populations and

activities. For some sectors. groups and occupations there will be an excess of jobs, and for

others a remaining net job loss. If the prevailing occupational and cultural division of labor is

reproduced. the net impact can be calculated straightforwardly by subtracting the jobs lost

through the closing of the refinery h'om the jobs gained from the ex.pansion of tourism as shown

in Tables II-III and II-IV. The calculation shows a net loss of jobs in all sectors except those

directly related to tourism. This kind of calculation provides a "frrst cut" estimate of the extent
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TABLE II-II Predicted Job Loss b~' Sector and Occupation

PredICted Job Loss by S",lor and OscupollOn 01 Reg,slrol!on

Prof Adlll1n Clenc Sal... Sen.' Aln, Prod
_ ••••••• 0 ___ '. ___ •• ~ •• _ ••••••••• __ •••••_____••_. ____ •••• ________ •• ____ • -._----------------
Ag/lndu,try 33 9 32 II 9 S 169
Od 16B )4 IS9 S9 49 I 82B
l't1hUes 33 3 48 0 5 I 17)
Con.stru.:Uun 31 29 78 10 16 8 901
Trode 23 S4 160 216 284 7 154
1l0RECA 4 8 2S 3~ 44 I 141
Senlo;t.~ 159 25 2\0 22 225 10 271
Govc::mmcn( 192 10 253 26 272 12 )"'.'
--------- .._------ -.._------_ .. -........--...-.. __ ..... -- ...-............ -. __ ... ------_.-

Tol;<) (4) 192 964 )7~ 905 45 2848
Pnvate: 451 Ib2 711 352 6)) J) 2521

TABU': II-III Employment Lust by IJemugraphic (;"oupS

Employ'Tlent lost through Refinery C10SlnQ

Occupations Trad- Mig- Mod- Expat Total
.. -.........._----......._--_ ........ --- .......---.-_ .....-..............-
Professional 215 161 347 187 910
Administrative 47 40 102 83 272
Clerical 467 181 687 61 1396
Sales 18S 46 269 41 541
Service 331 422 S46 93 1392
Production 1610 683 1210 183 3686

Total 28S5 1533 3161 646 6197

TABLE II-IV Net Employment Impacts by I>emographic Groups

Net Employment Gain With Refinery Closing and TOUrism Expanding

Occupations Trad- M,g- Mod- Expat Total

Professional -73 -47 -113 -64 -297
Admin,strat...e 7 27 52 29 115
Clerical -19 39 120 4 144
Sales 166 129 387 48 732
Service 98 297 364 37 796
Product.o .• -715 -252 -442 -72 -1480

Total -534 191 366 -18 -0

Note: Figures are approximated tD jDb/vea"
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of this dislocation in the labor foru.'. For example, a prcdil"led net loss of jobs for any lx\:upation

or gwup suggests that there is likely to be unemployment, and a net gain of jobs suggests (hat

there milY be constraints on the expansion of the economy because of a shortage of particular

skills,

11.2 llnemplo)"ment b~' Skills and Occupations

These results given above may be broken down further illlo lll:l:upation by cultural group and

se\:tor - for example, the number of ckril'al positions lost to Traditional-Arubians in the

l'onstruction sector. Potentially. this leads to a considerable amount of information, even from

the small CAM for a relatively small cI.:onomy such as Aruba. Although there are no data

available to test the predil:lions of model with rcspcl't to the l'ultural-cnmomil: divisions, it is

possible to compare some of the predictions of job less by difkrent segments of the labor forl'e.

In particular, the distribution of unemployed by level of education as forecast by the model has

been compared with that reponed by the Unemployment Rq::istration of May ILJX6. Be\:ause of

\:hanges in thc designation of 4ualifications and the way data arc reported. this l'omparison (an

be made only in terms of the "low," "medium" and "high" skills \:ategories used in the IY7Y

Aruba SAM,

i) "low" \:ategory indudes the LO and AVO school leaving standards

ii) "medium" is the LBO 4ualifkation and,

iii) "high" includes MBO, HBO and University graduate .. ,

The results shown in Figure 11-1 suggest that the overall predil:tions of job displacement are

reasonable for the low and medium ..:ategories, The predi..:ted displacement of high skilled

workers is ..:onsiderably above the number of registrations, The reason for this may be that most

of the higher skilled workers (about 20-30 percent of emp10yees) at the oil refinery woulct have

benefitted from the oil refinery job-finding program. while others would have greater

opportunities to seek employment overseas,
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II.] Huusehuld Incume Distributiun

Although dis\:ussion of e\:onomi\: I.:ulture again has ftx:ussed on the re\tructuring of employment

and ocl.:upations. a great deal more information can tx· extrarted from the cakulation in terrn\

of household and bu"iness income, puhlic sector revenues, dcmand fm imports, or new

investments, For example. an examination of the "tril.'kle-up" and "tril..'kle-down" effel..'ts in the

Arubian e\:onomy suggest that restruduring brought about by the refinery dosing and the tourist

industry ex.panding is likely to have I..'omplex result ... on the overall wealth of the Island, and il\

distribution anoss the various sub-populations, Here, the main I..'ondusion i... that if the goal is

to return to full employment (a ... was the case in the Simple exerl"ise abo\l'j, then ml.,,,t adors in

the el.:onomy lose inl'ome,

Table 11-V shows that there is a net loss in the value of produl'tion. in national income (gross

island product). wage and household inl.'ome. and publil.: sel.'tor revenues, All ... ub-populations

lose wage and household income. although in differeIll amounts, Traditional-Arubian household

inl.:ome falls by 14 percent. Migrant-Arubian and Modern-Arubian incomes by III percent. and

expatriate in\:ome by II per\:ent. Overall, the above results suggest that any industrial

restrUl:turing. re-training scheme or regional development policy is likely to advantage or

disadvantage partil.:ular populations. but that. in general. the tridle-down im.:ome from new

Jl.:tivities will refled the biases of the prevailing \:ultural-t~~onoll1il..'strul'tul

11.4 The Small .'irm Sector Pulicy

In most societies, the l:ultural division of labor l'uts al:ross technology. sectors and ou'upations,

In Aruba. <is elsewhere. sub-groups of the population tend to be assol.:iated with parti~ular

produ~tion tel:hniques and produl:ts, The following sel"tions illustrate in a general way some of

the possible uses of the CAM for exploring post-disaster social. regional and tel..'hnology poli\..')',

In Aruba. data are available on ownership and employment in businesses of different size. The

19lB Survey of Business shows that there are I.:onsiderable differenl.:es in standard measures of
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technology. such as labor and capital-output ratios, anoss firms of different size. The~ contrasts

are summaril.ed in Table II-VI. Small sample "urveys also indicate that these finns typi,.:ally also

have contrasting purchasing behavior for "upplies and serve different l'ustomel'.. Funhermore.

Chamber of Commerce and other data shows there to be bia"e" in terms of ownership of small

business by the different population sub-groups. For example. in all senors. the average "ize of

businesse" owned by Arubian" is nlll"iderahly smaller than for the sector as a whole.

To indicate the importance of this snul'ture. cakulatiom are presented helow which show the

contrasts in soi.'ial irnpad when enmomic poliq' i, oriented towi.lrd small. rather than large

enterprises. The cukubtions are simplified to sho\\ lhe charal'leristic implil:ations of sUl'h policy

v-hich. in practice. would form pan of a broader development strategy - sUl'h as effort to extend

IOl:al ownership of the el:onomy.

For this cakulation. production activities have heen subdivided into ''small'' and "large" business

(below 10 and \() and above employees respectively). Sm..11 businesses in Aruba generate about

2X percent of the total value added. and UCl:ount for about ~(1 perl:ent of employment. Categories

of employment are again sub-divided into "low." "medium" and "high" skills. The l:ultural

accounts are arranged so that in..:ome re..:eived by each of the three skill categories is then

transferred on a pro-rata basis to the four l:ategories of households. This shorH;ut procedure is

adopted because of lack of dat.. - but again means that predil,tcd shifts in income distribution

between the population "ub-groups resulting from a "small finns polky" are likely to be under­

estimated, Again, it is not neccssa;y to present full details here. and the example will consider

only the manufacturing sectors.

One way to compare the potential implications of a succe"sful smatl firm polky is simply to ask

what would be the result of dire\:ting a given amount of new business to a partil'ular lIass of

finns, Table II-VI l:ontrasts the income and employment generated in the el:onomy as a whole

when a AFI I ,O()() order is given to large and small manufacturing enterprises (using average data

for this sector). It is apparent that the ()Verall impact (direct plus indirect) is much greater if the

initial increase in demand is directed to small firms, When the order is given to large firms. the
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TABLE II-V Net Income Lost tu Sub·Populations

Nel Income loss from Economic Restructurina

ImpacllAFI) Refinery Tounsm Net

Arub'an Economy:
Outllut lexcl reflneryl ·331 398 67
Wage Income -169 108 -62
Value Added ·391 265 -132
Government Revenur -23 9 -14

Household Income
Traditional- -60 37 -23
Migrant- -25 18 -7
Modern- -113 81 -33
Expatriate- -30 22 -8
TOlal -228 157 -71
-....... -._--------_. - ... -.--._--- - -- ---- --_ ... -

Note: Impacls d,e AFI million.

T ABLE II· VI Contributions of Large \'ersus Small Businesses

Comoaoson of large "ersus Small Manufacturing Eoterposes

Impact

Arub.an Economy
Local Output
Wage Income
Value Added
Go"ernment Re"enue

Household Income:
Traditional­
Migrant­
Modern­
Expaloate­
Total

large

2451
496
1352
53

254
95
519
133
862

Small

2840
849
2088
67

2l:i7
107
503
122
1239

Note: Impacts for AFI 1000 of new demand for manufactures
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IOtal value added and v.a~l' inl'lHlll' arl' AFl X()(1 ;md t\F1 )(1() H'''IX'••:tiwly, Wht"n the order is

given tll small firms. till' tntal valul' ad,ll-d and "';l~l' in,',)llll' aI,' Al·1 1.2.'Q ;lIh~ AH X·N, Thl' ..l'

are vl'ry "uhstantiitl diftt·ll·nn·". and althllu~h ttWIl' l1Iil) he llther Il';I"On" Wljul'stil)n I'll' viahility

of a "mall firm pOtil')'. thnl' are dl'arly l'lltellti;d ;l\h allla~t'S tll thl' l','llllOlIl) as a whok. Thl'

implil'atinns tor l'dul'atiol\al polil')' and "kills, in partiudar. may not lx' str'·i~htfmward, hll

l'xampk. the l'akulatilHl hell' "hnv. s that the tl)(al ,Il-mand I'llI' lahnr III illl thll'l' skill tatl'~lllil'S

i" hlglll'l wnh tt1l' small film altl'rnativl' - whidl l'llllid imply !llllllt'Jll'lk-. flll partil'ulal ,kill" 111

a situation of 10'" ul1l'mph)ym\.'llt. On th\.' ,)tIWI hand IX'l·all ..l' 'imall finn.. l)f!l'n \.'Illploy Ilh)fC

"lraditionill" 'ikilb ~ill (he "ellSI' illlplil'd l,y thl' tl'llll'en)IWll1it l'ulturl''' u'ed III thi, pafll'r) thl'

'0 lila II firm altl'tllatin' Illdy pro\' ide mOil' applllpn.lll'lllb.. (a" v.ell ;1" Illllll' .luh" " in it tillle of

um.'lllpl')yllll'1lI .

In pr;u.:tin', thl' pll""ihilitil'S fnr a small firm pol iI.')' arl' llfll'n limitl'd hy produ,·tilln plls"ibilitil'''.

for l'xampk, small l'hid,\.'n farms in Aruha dl) 11l1t "uppl) till' 4"<1lit)' ,11 4ualltity of produl't

rl'4uired tly international hotd l'hain,; slllalll'lmtr<1dor" ,·anl1\.lt build hi~h .i"e hl)tel". and so IHl

Nevertheless, therl' are produl'ls for whi~'h slllall firms alt' lOl1lpetitin', l)r othl'r poli\.'ies \\llId1

\.'an help thelll to 0e\.'01ll\.' so. Co-opnativl' .1IT<1n~l'n~l\IsIt' pOI,1 ami ~ralle output from fan1\'..

or to share l'4uipnwnt. or tht' promotion 01';1 difkl'l'nl style of tourism. u,in~ low-ri"t' or 111m,'

traditional huildin1;! 111l'thods. for I.'xampk. ,-;In ht'lp III OHfl'OIl1l' ""Ill\' of the l'\."lm',mlil'

n)J1str<1ints on II1\.' t'xpallsinr~ of thl' sm<111 firm ~l'Il)r.

Given the horizont;ll division of labor asslX:iatl'd with firm size, it i" e\ ident that l'xpan"ion of

the small firm SCl'tor as a wht)le will tend to favor partll:ular household.... The results in Tabk

11-VI show that expansion of the small firm manufal'luril1~sedor has rl'l;J1iw inl'ome advantages

for Traditional and Mi~ral1l Aruhians hou"l'holds who rn'l'ive 27 perl"em and II perl't'm of the

tOtal (i,e" din:l't and indirl.'l'tI im:ome generated n~s~~l'tively" In \.'Olltf<hl, <1 tug\.' firm strategy

favors MOtkm Arubian" and Expatriates, who fl'l'eive 52 pl.'rn'nt and 13 perl'ent of itKOmc.
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11.5 S(Jdally Targeted Technulug~ Pulicy

To simplify the lust rcsults somcVlhat - the favoruhle ouh:onll' for Traditiollul-Aruhian:-. ari:-.e:-.

hecause Illany small busincs:-.cs alc owncd by Aruhii.JlIs. and l'lllploy AruhiJns. Thus. Arubian

households are likely to henefit relative to non-Arubi<llls. ,imply be~'<lusc of the dired income

effe..:ts. But, in addition, be~uuse of the tendency for Arubian llwned firms to employ Aruhians,

and for Arubians to pun.:hase goods from Arubian Ii rms. there art' like Iy to be stron~er internal

multiplier effel.'ls than for other businesses. Clearly. these medlanisnb mJy he used to take

el'onornil' policy one sta!!e fUl ther. so that dndopment is targe-ted tl)\\ Jrds partil'ular tr,l(1ltion<ll

or minority populations, The applications in tl,is scction illustrate the rcsults of policies tarl!eted

at the Traditional <lnd Migrant Arubian populations.

i) Tradillonill Construl.'lion Skills: The construction industry offers one illustri.Jtion of a tarl!eted

policy. For the Traditional Arub;"ns. it is cle'lr thut constru~tion of dwdlings represents i.J dCl'ply

embodied component of their economic culture. A social process and an industrial organization

have evolved which involve extended families working together to build homes, Often several

gener'ltions share the parental home and new parents do nol ~'onsider themselves truly "marriea"

until they have moved in to their own home, Construl'tion of dwellings takes many years. and

the rel'iprocal oblIl!atitllls incuned amonl! families may be re-pi.Jid over many years.

The underlying pflK'ess of produdion and l'onstruct;oll of dwellinp is a "core" reinforcing

mechanism of the Tradttional Arubian el:onol11Y. By cir~'ulating income within the Traditional

~omlllunity, an important multiplier process is sel up whil:h may be reinforl:ed as a mailer of

polky to strengthen their cl:onomic base. The potential importance of this process to the income

of Traditional hC'useholds may be illustrated throul!h the classic example of dn el:onor.tic initiative

which is devoted to the construction of dwellings for and by Traditional Arubians. It is assumed

here th'lt the con,amclion enterprises involved are owned and operated by them. All direl'l wal!e

and profit income goes to Traditional households, and the output is consumed primarily by these

households. The technology used is taken 10 be the same as that l:urrentl)' employed 10 small

construction enterprises, except that all raw materials and services are assumed to be pUf\:hased
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from smull finns - muny of whic'h are also owned by Truditional Aruhians. For the cak'ulation.

the activity is treated as if it i~ part of the formal (monetary l economy. In pr'K·til·e. mUl'h of this

building ul.'tivity is curried out J[l the informal sellor on the basis of reciprm:al obligations,

The impact of this reinforcing ...et of assumptions is seen from Table 11- VII which compares the

impaCl of AFI l.nOll of this type c'onstruction aClivity with the impal.'t of the ...anw value of large

and small finn construnion. With the prevailing cultural division of labor the total (direct and

indirect) income generated for Traditional Arubian houselll1llj.., by thiS amount of ne .... al,tivity in

large con ...trul,tion firms would he AFI .~W<' c'ompared to AFI 3lJ5 for small firms. With the

targeted initiative a total of AFI X14 is generated. of .... hich AFI 530 is direct income and AJ-I

2X4 is indirect inU1T1le, Of thi .... AFI 61 i... at the expense of other hou ...ehold .... While the

illustration may be extreme. and the prac,til'al problems of financing and promoting the initiative

arc assumed away. it is evident that the potential for a very substantial inlTea...e in income lies

in any economic polky which builds upon an existing set of skills and cultural in ...titutions. and

establishes strong economic feedbacks within the Traditional community.

ii) Community Development and Minority Businesse... : The same possibilities for generating

reinforcing economic prO\:esses exist with the Migrant Arubian community, The l.'ourse of

historil:al events in Aruba has meant that many members of this population grlwp share superior

prodU\:tion skills which aro...e out of the selective reauitment proc'ess adopted by the oil refinery

and the high value typil.'i.Il1y plac:ed on education by thi ... population. Politicahultural pressures

tended to push this group out of the well-paid positions in the refinery, ane! even though some

of this sub-group are born in Aruba. many still feel themselves to be "treated as outsiders in their

own land." Today. these second generation immigrants often Ol:cupy key skilled and shop-floor

management positions (sud as foreman) in manufacturing ilnd other businesses. but less often

in senior management and government or entrepreneurial positions. Neverthele~~. the potential

for entrepreneurship is evident - for example. a number of Migrant Arubian ... used lay-off

payments from the oil refinery to set up small repair shops and service ac:tivities,
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Induded in this group also are the newer immigrants from the Caribbean Basin. induding

Aruba's former partners in the Netherlands Antilles. Others have arrived from the mu~h poorer

islands and wuntries (espel:ially Dornini~a, Haiti and Colombia) and lhese make up the lowest

paid groups in the labor forl'e. They make up a good proportion of the illegal work force

employed by the formal sedor (as opposed to the "self-employed" informal sel·tor whi~h indudes

a high proportion of native Arubians),

For this group too, the impaL:t of a new polil:y initiative designed to raise im:ome is ~onsidered -

in this L:ase, a small sUlle service and repair aL:tivities targets the Migrant Arubian community.

These results are given in Table II-VIII. Using similar assumptions 10 those for the l'onstruL:tion

sedor example. the new initiative generates a total of AFI 552 ill~ome for Migrant Arubian

households. of which AFI 44lJ is direct im:ome and Afl 112 is indirect inl·ome. With the

prevailing cultural division of labor. the total (direct and indired) inL:ome generated for Migrant

Arubian households by this new adivity in large and small service firms would be AFI 127 and

AFI 131 respeL:tively. The relatively small indirect effeet with this example, mmpared to the

construction SCL:tor initiative, reflects the low level of Migrant Arubian entrepreneurship in the

rest of the economy. In praL:til'e, sud a "servk:e sector" initiative I,;ould target a full range of

activities within a regional community, (the township of San Nil"olas in the casc of Aruba). or

be used to provide a basis for im:reasing minority participation throughout an economy.
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TABI.E II· VII The Impact of a Targeted Construction Initiathe

CQmparisQn Qf TarQeted CQnstructiQn InitIatIVe

Impact (AFII Targeted Large Small

Arubian Economy
Local Output 3205 2!;77 2951
Household Income 1593 11 48 1404
Government ReIJenue 75 67 73

IndQ-Households 814 308 395

NOle Impacts for AFI '000 of new demand for manufiictures

TABLE II· VIII The Impact of a Service Sectur Initiati\'e

Comparison of Targeted Service Sector Initiative

Impact (AFIl Targeted Large Small

Arubian ECQnQmy:
Local Output 3429 2314 3116
HQuseholds Income 1581 1154 1279
GQvernment Revenue 76 67 68

Migrant Households 552 127 131

NOle: Impacts for AFI 1000 01 new demand lor services
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SECTION 12

DESIGN CONSIIJERAnONS FOR A DISASTER PI.ANNING SYSTEM

The condusions of the model testing fall into two broad areas, the predictive performance of the

model and the insight" gained for moeel construction and its use as the basis for an expert system

for disaster rewvery planning.

12.1 Predictive Performance

The empirical tests with the IY7lJ Aruba SAM have demonstratoo that the model can "track" the

historic employment and GDP data for the Island over the decade from 147Y to IYl)() with

reasonable proficiency. The tests carried out are relatively challenging for an input-output type

model (or for any pradical planning model in the empirical difficulties enl:ountered). They

suggest that the SA\1 may be used to evaluate the impal:ts of major natural disasters and the

perfonnance of rewvery strategies for medium term rel:overy strategies.

i) Aggregate employment. These tests showed that the model could reproduce the timing and

levels of the economic crisis and recovery to the limits of the available data. The lagged model

appears to be superior to the conventional un-lagged approach. This is likely to be an

unwelcome (and possibly suspect) conclusion to adherents of non-lagged methods but deserves

further consideration and research. especially since the empirical data are weak.

ii) Employment by Sector and Region. These tests were limited by the quality of data. The

model appears to provide a reasonable performance for the indirect impact on the economy (Le.

the effects arising from the aggregate structure of the economy). However. to obtain a useful

forecast, the direct effects must be specified using project specific infonnation about

expenditures, sources of materials, and labor requirements. rather than assuming that these

projects will adopt current technology.
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iii) Gross Island Product Although the model is capable, in principle. of predicting income

changes to households, businesses, and government in a rather detailed fashion, the required

income statistics to test these predictions are not available. Moreover, since there are no recent

national accounts for Aruba. the GOP estimates by the Central Bank are based on a variety of

sources, including the employment statistics. Given this. the model also provides a reasonable

prediction of GDP trends.

iv) External Accounts. Preliminary forecasts of import and export requirements. and the balance

of payments for the Island are satisfactory, and current forecasts will be monitored against future

economic developments in Aruba. Funher testing would require that the external sectors of the

model be revised to match the current and capital accounts categories adopted by the Central

Bank of Aruba.

12.2 Model Construction and Use

The principal conclusion from the study with respect to construction and use is the need to retain

considerable flexibility. This represents a considerable challenge for the design of any expert

system.

i) Model Updating. In constructing a model in a practical situation there are likely to be

contradictions and omissions in the data which must be by-passed if the model is to be developed

on a useful time scale. It is necessary to be able to update the model as new data emerges.

ti) Model Configuration. The construction procedures showed that it is possible to develop

models with a wide range of applications. Since the model may be called upon to evaluate a

variety of problems and strategies. several configurations of the basic model may be needed, for

example, using regional, social or sectoral categories. In many cases it may be possible to

automate this process, for example, from the available Census of Households and Business.
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iii) Details of Proje~ts and Poli~y. The testing of the model showed that !.he results are sensitive

to the timing of events and the details of proje<:ts undertaken. It follows that the design of a

reliable planning model should make it possible to in<:orporate these features.

iv) Strategy Revision. Again, sin<.:e the aftermath of any natural disaster is likely to be chaotk

and undear. and the pra<.:ti<:al opponunities for re,overy will only be revealed after some time

has passed, strategies and detailed plans will change <.:onstantly. Any useful model must be able

to adapt to changes readily and provide a reliable comparison of poli~'y alternatives.

12.3 The Horizon Model

In order to illustrate future possibilities for applying the impa~t model, some resulls from a

parallel modelling exer<:ise are now dis<.:ussed. This "Horizon" model embodies mu<.:h of !.he

theory and practice which have underpinned the NCEER study. The approa<:h has evolved from

more than twenty years experience of building and using e<:onomic models for international,

national. regional and local development. This includes projects for se leral national and

international agencies (of the United Nations. the European Commission. the United Kingdom

Department of Environment), as well as regional agen<.:ies such as the New York State

Department of E<:onomic Development. the S<.:ottish Development Agency and the Dutch

Department for the Netherlands Antilles). and private corporations and <:onsultants.

The Horizon model is distin<.:tive in several important respel:ts:

i) The model is designed to provide local development agencies with an in-house ability to

calculate the economic impact of events and policies which may affect their region.

Because the model is programmed as a spreadsheet, it can be more readily understood.

customized and updated by local development officers.

ii) The model can be used at several levels of sophistication from single events, such as the

opening or closing of a business. to complex scenarios which combine a variety of local
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events or policy responses with external events such as sectoral growth trends in the

national economy.

iii) Unlike most input-output models, the Horizon approach allows the impacts up to any

specified time horizon to be calculated. This is important because it takes some time for

the effect of any event to work its way through the economy and, consequently, the full

impact is not felt for several years. For many purposes, it is important to be able to

distinguish the size and composition of the near-term, mid-term and long-run impacts.

Moreover, with a sequence of events taking place over several years, such as the shut

down of the British Steel (Ravenscraig) sted plants in MotherwelJ, Scotland, the delayed

year-by-year effects often combine to produce a complex adjustment to the economy.

iv) The model implementation is designed to make such calculations as straightforward as

possible. The approach recognizes that the impact of any given event depends more or

less equally on the details of the original event (the wages paid, amount and source of

raw materials of the finn in question) and the Slructure of the local economy (the

transactions between local businesses, households and government, and their relationships

with the outside world). The model attempts to balance the imponance of these two

contributions by using a compact input-output model of the area economy with the best

possible information on the forthcoming change.

v) The approach also recognizes that infonnation on events such as ;.., ~·vnomic disaster,

such as a plant shut down, or a natural disaster such as an eanhquake, is never clear-cut

In some situations, it may be most appropriate to provide a range of possible impacts.

ThUs, the model is designed to enable a variety of scenarios to be explored (for example.

when several alternative proposals for a new enterprise are being comparrd), or to be

updated quickly (for example, when the final schedule for events is not known, or new

information becomes available). The underlying belief here is that it is desirable for

planners to be able to make these calculations for themselves using the data available to

them. and to have the facility to test policy options on an habitual basis.
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vi) Finally, the model is probably unique among input-output type models in that its ability

to track regional trends over a ten-year time span has been demonstrated in a practkal

planning situation. In this demonstration - the application to Aruha detailed above - the

model predictions were found to matt:h well the employment trends resulting from the

dramatit: dedine and recovery of the Island et:onomy.

The Horizon model is designed to strike a t:ompromlse between providing a sophisticated

planning model and a tool which can be understood .md adapted by the user. It is programmed

as a spreadsheet because this allows users to customize the model to their own needs. Data input

and results appear as a series of "screens" laid out as shown in Table 12-1. Table 12-11 indicates

the level of detail which may be entered into the model.

The model can be applied in an extremely flexible way with only a modest knowledge 01

spreadsheet programming. For example. first-time users of the model may t:arry out singk event

impact studies and customize the pre-programmed tables and graphs in the model by using

spreadsheet commands. A little familiarity with the model will allow users to determine the

impact of rather detailed events and carry out multiple event caku:ations. Experiem:ed users may

program more sophisticated responses.

The data base and results of the model also may be interfaced directly with a geographic

information systems (GIS) data, such as the UDMS (Urban Data Base Management System)

developed by the United Nations Habitat Program. or the United Nations Population DivisiC'n

POPMAP System. or even mapped directly by using the graphing facilities within the

spreadsheet. This provides an inexpensive and integrated GIS. Two examples of this last use.

linked directly to the regional model of Aruba described earlier, are shown in Figure 12-1.

To apply the model. the user provides information about !'pecific events which are expected to

disturb the regional economy. An "event" is defined as the change in the level of activity in a

specified sector. The event begins in a specified year and continues at a steady annual rate until

a specified time horizon. Depending on the level of information available. an event may be
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desl:ribed in summary or in detail. Missing infonnation is substituted by referenl:e to a se!el'ted

"base sector." Events may be linked to sele~:ted policy responses.

Any set of changes affecting an economy. however l"omplIl'at~d, may be broken down into a

series of single or multiple events beginning in specified years. These are detaikd and l'akulated

separately. The model estimates the irnpal"t of these events on sel'toral ernp 1oymc!1l, household

and other inl"ome and business al"tivity in the region for a particular time horizon, The model also

cakulates a trend by repeating the cakulation for year-end horizons up to the yea, 2000. Events

and results may be stored in the model. or filed and rel"alled for later revision or ,eferenl'e. or

consolidated into sl"enarios. The results milY be graphed. tabulated or gl'ographi~'allymapped. and

printed uSing in-built spreadsheet ma~:ros and wmmands.

An overview of the model operatiun is shown in Figure 12-2.

12.4 An Application of the Horil.On Approach

The Horizon approach is currently being used for a "real time" application in an on-going

economic disaster in Lanarkshire. an industrial region of Scotland. Like many other mature

industrial regions. the economy of Lanarkshire has undergone a dramatic transformation over the

last decade. losing many of its traditional industries. Coal. steel and heavy engineering,

especially. suffered a severe decline during the late 1l/70's and early 11}XO's. Even with a modest

recovery during the 11}X( l' s. unemployment remains at about 13 percent of the labor forl"c. in a

total population of about 500 thousand. The areOi is now confronted with the shutdown of the

major British Steel Ravenscraip complex in several stages over the next several years. The total

employment loss is expected to be of the order of 20.000 Jobs. Although there has been about

two years warning (and even longer speculation) that the steel works would dose. the major shut

down of a plant with over 3000 jobs took place with almost no notke in mid-l W I.

The local development agencies (in particular. the Lanarkshire Development Agency) are

exploring new opportunities to recover employment through economic development and training

12-Y
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policies, including the proposal that Lanarkshire should become the site of the northern terminus

of tbe EuroRail freight system. To help address the policy issues which arise from restructuring.

a Horizon model has been constructed and is being used by the staff of the LOA to make in­

house calculations of events such as the Ravenscraig closing or the construction and operation

of the EuroRail Tenninal. An illustration of the results is given in Figure 12-3. As the precise

timing of the shut down of the steel plant is finalized and the possibilities and costing of the

EuroRail Tenninal ~omes clear, the model will be used to plan the level and timing of the

project, the training requirements of the local labor force and so on.
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APPENIlIX A

MATRIX SCAUNlj FOR MOllEI. LONSTRCC'fION

A.I Introduction

This appendil( presents a Sl.:aling algorithm for the I.:onstruction and updating of Social

Al:l:Ounting Matrix (SAM) type input-output table ... A Lagrangian derivation of the algorithm is

presented, and the I:onditions for the existence, uniqueness and convergem:e of the it::rative

solutions are explained. The method oven;omes I:ertain limiti:1tions on the widely-used

bi-proportional method and it'i exten..ions. In parti<..:ular, it pennits :.:dditional partIal and

approximate data about group" of elements on the interior of a matrix to be applied and adjusted

simultaneously, with minimum overall loss of information. Thi .. facilitates the construction of

local area sex:ial accounting matril:es in an inexpensive and rapiel fashion.

The most common method for mllstrul:ting input-output tiibles for a specifil: locality (sul:h as that

which might be impal:ted by a natural disaster), is to transform a previously I:onstructed table for

the encompassing region or for a similar region, using whatever data are available from the

locality. Typically this indudes employment and household and government expenditures. These

data are adjusted, and if possible rel:ondled (ie. made consisteno using a variety of techniques.

Although suitable input-output tables sometimes will be available for some earthquake-prone

areas (such as city regions in industrial I:ountries). in general this will not be the case. and a t4lble

will be based on a regional table. or a table for a similar economy.

Most tables contain little information about many of the activities which are considered above

to be relevant to the disaster and rel.:overy. despite the fal:t that useable information is often

available. For ex.ample, there are often partial data or estimates for particular items. such as the

total household ex.penditures and distribution. value added of all manufacturing, or some ex.port

and import item~ for the region. In other cases, there may be no local daw, but information from

other localities is considered to be a suitable guide, for example. to the difference in production

costs between fonnal and informal sector enterprises or expenditure behavior by different
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minority populations. All of thi, may be important to an understandin~ of the likely illlpa~:ts of

a recovery program. It therefore should be inrorporaled into the 'i(Xial a.:.:ount'i. Unfortunately,

this \:omplicate, further the challenge faced when building any input-output table· the bringin~

together of disparate and often in.:omplete and in.:on...i...tent data into a \:on... i...tent set of accounts.

Present extended RAS scaling technique ... ("lee ...ection A.2) liD not deal well with this kind of

partial and usually inl,:l)Jlsistent information, espe\.:ially when It is repre ...ented by entries in the

interior of the input-output table, Most method ... demand that inforrnation on individual item, is

taken to be perfeL'tly dl:l:Urate, while data on sub-totals \Llr blocks of entrie'i) I,:annot be used.

This infonnation is therefore wasted. To avoid this re4uires more sophisticated sCOlling

techniques. For the exercise here. it is Olrgued that the Olbility to construct the lo~:al area so~:ial

aL'wunts rapidly. and in a fonn relevant to the local ...ituation (in terms of e.:onol11ic categoril's)

and the particular impal.'ts of the disaster (in terrlls of the systems affel.'ted), is far more importJnt

than a high (and unrealisti\:l level of pr~~ision. Some form of ~xpert system based on a more

powerful. yet simple, sl:aling algorithm appears espel.·ially useful here.

In a recent review. Han and Kim (llJXX) distinguish between "expert" and "del:ision support"

systems. The former attempt to incorporate tht> judgement. experience. intuition and "rules of

thumb" of human expens into problem solving, a heuristil: rathl'r than an ali.. orith~ni\: approul:h.

The latter al:i:ess strui:tured dar.l bases using c1ear-vut del:ision rules. so as to provide sele~:ted

infonnation from a large and <.:omplex data base. In effcl:t they are a means for filtering out and

manipulating relevant information, Matrix building, in pral'tice. re4uires a con ... iderable de~,.:e

of expertise and Judgement (familiarity with data sources and accounting I:onventions. elimination

of irregularities and r~conciling of inconsistenl:es). The method sought here obviously is doser

to the decision support system but it \I!ill nei:essarily embody the experiences of practil:al "hands­

on" matrix l:onstruction.

It is not diffil:ult to conceive of a "hybrid" approach. such as a computer software padage whii:h

would facilitate the speedy construction of local-area social a\.'\."ounting matri<.:es, even as a post­

event exercise. by small teams of experts with some prior experieni:e in the .:onstruction of input-
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output tables, or by less sophisticated local officials over a longer time-frame, as part of pre-event

strategy development. The hybrid system would have an algorithm at its core, but would be

backed up by a system for monitoring the results of the procedure (checking for inconsistencies,

unreasonable parameters, and so on), and suggest alternative data sources and matrix construction

procedures (for example. using a hierarchical "hyper-text" approach). From the technical point

of view this appears to be a feasible goal. The overall aim is to provide a simple, robust tool.

A.2 The Algorithm used to Scale the SAM

The remainder of the appendix explains the algorithm to be used in building of SAM type input­

output tables. The method proposed here is an extension of the RAS technique introduced by

Deming and Stephan (1940). RAS algolithms work by eliminating inconsistencies between data

losing as little information as possible en route. The process may be visualized by remembering

Leonardo de Vinci"s famous "metamorphosis" cartoons in which he created grotesque human

faces from those of animals - the ff".atures are systematically squeezed into a new overall shape

while keeping their mutual positions more or less unchanged. The algorithm similarly manipulates

data into a new consistent configuration. Thus, although the mathematics may appear complex.

it has an attractive explanation. Of course. if the original data are too inconsistent, or too partial.

there may be no solution possible. Moreover. even if a solution is obtained. it may not be

credible to the planners who are expected to use it. The need for some expert system is to guide

the process of seeking and massaging the data to provide an acceptable result!

Since its introduction. the theoretical basis for the RAS method has been strengthened. in

particular, by Bacharach (1965, 1970) who demonstrated that Lite solution of the simple RAS

involves the minimum Joss of infonnation from the original matrix. Various modifications to the

RAS approach have been suggested. notably by Lecomber (1977). The most significant

modification is the prescribing of individual items within the matrix. The approll\;h adopted by

Allen (1976). for example. fixes particular elements as well as the row and column totals. and

then allows the burden of adjustment to fall on the remaining non-zero entries. A major difficulty

with this approach is that. if a high proportion of elements are fixed externally, convergence may
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be difficult, or even impossible. Indeed. as Miller and Blair (1985) have observed. this can lead

to worse results in terms of the overall reliability across the updated matrix as a whole.

Although a variety of alternative non-RAS techniques have been introduced to overcome these

limitations of the RAS method (see eg MOiisson and Thumann. 1980. Harrigan and Buchanan.

1984). recent empirical comparisons of upd '.ting procedures tend to favor the use rectangular

RAS methods (see especially. St Louis, 1989). In the method described here. the method of

Lagrange is used to derive a multi-proportional scaling algorithm which is a generalization of the

simple RAS method. Whereas. in the simple RAS method. individual items are adjusted by two

constraints only - the row and column total. in this method. every item may adjust in response

to an arbitrary number of constraints on individual items and sub-groups of entries. provided

these do not result in excessive over-determination of entries. Furthermore. the matrix may

contain an arbitrary number of dimensions. and so may be applied to. for example. the consistent

scaling of multi-regional rp.ctangular input-output tables (see ego Oosterhaven et aI. 1986).

With the simple RAS method, the elements of the matrix are adjusted successively in a

bi-proportional manner, that is, all row elements are scaled successively in a linear fashion to so

that their sum matches the externally given total. and then column totals are scaled in like

fashion. This round of adjusunent is then repeated iteratively until no significant further

adjusbnent takes place. In the minimum information loss interpretation of the RAS, the problem

addressed is how to minimize the information measure of distance across the matrix at each

round of the updating procedure. The formal procedure for bi-proportional scaling is given in

Macgill (1977) and Miller and Blair (1985).

For the multi-proportional case. a matrix ~j(-) of dimension NxM defines the SAM to be

constructed. The i and j label the rows and columns of the accounts represented in the table

(production sectors. households and so on). A base matrix. A;j(O). a national or regional table.

is used as the starting point for the new table. If there are Z constraints. defined by the sub-totals

BI • then. after n adjustments. the Z constraints applied are given by:
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1. A"I nl = 8,
ij E Z

(A.I)

It is noted that. cOlllrary to other updating pro~'edure~, no di~.tinl"lion is made a priori hetv.een

cOIhtraints on row and column totals and con"traints on 111l1i\ idual elemem" or block" of

elements on the IIlll'nor of the matrix. Alll..'ollstrainh arc Heated ,imply as the de"lred "uhtotab

of specified bloch of entrit'" Tlll',e ulIl"trainh art' applied ill order to the matrix. '0 that aftn

one full round nf adju"tnwnh, the IIlformation di"t,ulle of A,,II) trom the nriginalmatrix A,,(ll)

I'J

These ~:onstr:.tillh are implhed repeatedly so that eiKh i, applied OIKe in any full round of I

adjustments. After an arhitrary number of aclju"'(lllent .... the 11th adJu ... tmcl1t will apply the "ame

l.'(Jnstraint as the (n-Zlth adju~,ttnen!. Thu...,

DIA(n):A(n-ZII =

for all All i O.

l A,,(Il)lugIA,,(n)/A,,(Il-Z11
1.1

The Lagrangian for the problem is given by:

L = D + :lI,{B, - l A"ln»
z ij ( Z

where I, are the Z Lagrangian parameter....

The first necessary condition for a minimum is that the first order partial derivatives of L with

respel:t to A,}n) are zero.

dD/dA,/n) = (1 + log lA,/n)/Iog{A,}n-Zlll - :ll, = 0
Z E ijk
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The senmd l'ondition for the "olution to be a minimum is that the ...el.:ond llrder pJrtiJi c1erivJtives

should be po"itive.

This shows th~t the solution i" <.Jlw<.Jy'" a m1l1imum ... inl't' t\( n) > O. Rewritin~ (AA) !!ive... :

A,,(n) == A,,(n-!) exp(-Il II expO,'
z ( iJ

Substitution of (AS) into (A I) gives:

B, == L IA,,(n·!) exp(-I) II expll,)1
iJ ( z Z'( ij

This expression may be rewritten, hy ...cparatin!! the term in I,. Jftn "cltin~ r, = c.xp (I,), giving

r, = e"p( I) B, II L IA,,(n-Z)
ij ( z

II r, II
Z'E iJ
z'+ z

(A,h)

Using (A.5) and (A.h). the problem lll<.Jy be solved III an itefLttin,' manner by repeLtted l'alcul~tion

and substitution of the I, and the A,,(n) so as to obtain al'ceptably preci"c value" for A,/co) in

terms of A,/O) and the I.:on"traints B,. This general algorithm is straightforward to program and

converges rapidly provided there i... Lt feasible solution, The condition ... for solutions to exist and

a unique convergence to be attained are now l'onsidered.

The uniqueness of any solutions to the multi-proportional adjustment may be argued in the same

manner as fOl the bi-prcportional solutio,. given by Evans ( 11173) and Bat:haral'h ( I%5 and IY70)

and adopted by Mal:gill (\ Y77). These authors show that provided the bi-proportionall:alculation

converges, the step-wise solution will provide a unique result. They also demonstrate the

conditions for conver~enl:e. Evans (I Y7 3) has shown that the solution for the A" resultin~ from

the minimization of the stridly convex objel:tive funt:tion will be unique For the multi-
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proportional case. it was shown above that. because the A,J >0. the derivatives of the Lagrangian

provide local minima. It follows also that, because the constraints given by (A.l) are aU linear.

the objective function (A.2) is strictly convex. Consequently, the solutions of the

multi-proportional algorithm, if they exist, will be uni4ue.

Conditions for the existence of solutions are less straightforward than those for uniqueness. but

minimum conditions (or "only-just-sufficient" conditions), similar to those discussed by Macgill

(1977) for the bi-proportional case may be stated. For the bi-proportional RAS, there is an

obvious minimum condition - the sum of the row totals must ~ual the sum of the column totals

Xi and Y
I

of the matrix.

i.e. 1: X. = (A.7)

Unless this accounting identity is satisfied, there is no solution which will simultaneously sausfy

all the external constraints. With the multi-proportional method, the equivalent condition to (A.7)

would be that the sum of the row and column totals must be equal.

i.e. L B'l =
rows

1: B'l
columns

The primed B' l here are the explicit or implicit constraints on the row and column totals. This

condition may be relaxed provided the constraints on the interior of the matrix pre-determine the

row and column totals. In addition to this, there are minimum conditions on the internal elements

- basically, that if a row or column contains zero elements, then there must be sufficient latitude

for the adjustment of the elements within the remaining degrees freedom implied by the

constraints. For this, the conditions placed on the row and column containing any non-zero

element A.j in the matrix are that:

(A.S)
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Thl"\C onIY-Ju"l-"uflicil'nr condition' kad to boundary \olution' Willdl ,He fully determined hy

the externally givt'n Ill ... and column t(ltal,. \0 th,it tilt' \\Iiginal I11Jtrix proy Itk" no information

on the l11a!'l1itude of the nOll-It'rll entrie' in lhe final JIlJllix Corrt"poIHlinl' nll1dition\ exi,t for

the multi-proportiunal ':J"e. for t'xamplt.'. for an intnnal bln\..\" \\ithill J I11Jtrix. The villbtion 01

the\e u1I1dition., would Illt'Jn that Dill' or Ill\\le del11l'nh uf the Ill<.tlli\ pre.,cnl an illl'on,i,tent

adJU\tJ1lellt. in the "elhe de\nibed hy \1 Jl'gtll (1 1)77,. The reJ,on, for Iht',l' condition' a!:,ain \..In

he denHlI1"trJled in the IllJnl1er used hy \1acgill ( 1(177) Itlr tht' bi-prup(lrtlonalca"e.

The tlemon"tration th'll the bi-pll1pmlillnal "olulion j, u1n\l'rgt'llI. fir't pn)\l'n hy Badlari/ch

(1\)65). con,i"ts of .,howing that. after Illany itnatioll'. till' in\.. Il'lllt' ilia! ,hlft 10 lhe indi,iduJI

prmided condition" (A.7) ,111<1 (AXI Jho\e Jre fulfdkd. A, noted abo\\.', tlK constrain\'. dt'fil1l'

Ihl' bounds on <.tlltmahle row. column and blot:k tot<.tb "udl rhJt JCl"llunlint: idcntities Jre not

violated. In thi" re"pel"l. there is the ohviou" n,'4uircmcnt thJt tht' "um of all ne"ted bll1\,.ks and

elements \..·Jl1l1ot t'M:eed the ,um of the hlo~:ks t'lIt:llmpas,illg them.

I. t'. 1: H, S
1I111er
blocks

1: B,
en ompJssil1g
blo b

(A.9)

This detenlll1le" that a fixed element or hInd;, I1lU,t not be IJrger thJn the 10\\ or c·olul11n. or

bklL'k \..·ontail1ing it. A bllK'k spJl1ning one or more 10\\ s or t'olumns IllU"t he "mailer than the row

and ~:oluml1 totJls. Jno "0 011. A s.....Jlillg algorithm ..... Jnnot. of \..ourse. elil1lillJte absolute

im:onsistent'ies. for eXJmple. when values of particular A" are "0 over-determined that the variou"

conditions they Jre reljuired to meet can never be ren)Jlciled. Practically. in JII expert sy"tem.

these problems may be redu.....ed before the final m('l·hanil.al JdJu"trllent proc:es" i" ocgun. for

example. by prefJcing the adjustment prol:eourc with ..... hcl:b ensuring that the sub-totals of nested

wnstraints do not ex.....ecd the constrained blm:ks within whid they reside. JS indicJteo by (A.tJ)

above.

The reason that the approa..... h avoids the major problem of the earlier extended RAS methods for

induding additional dalJ (such as that adopted by Allen. 1\)77) is that the multi-proportional
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scaling algorithm does not impose such rigid constraints on the adjustment process. With the

multi-propcrtional adjustment. the constraints are not applied in an absolute fashion at the outset.

Instead, the burden of adjustment is distributed across the matrix, or a particular internal block.

until some degree of convergence is attained by balancing the information loss from all

constraints. Empirical tests with the multi-proportional scaling algorithm using data from Cole

(1987) and Cole (1990b) show it to have good convergence properties provided there are no

inconsistencies which cannot be localized. Generally, satisfactory convergence (to within one

percent of the given Bz) is obtained within twenty iterations, ie. A.J(oo)= A.pO). This test is

directly comparable to those applied by both Harrigan and McNicholl (1986) and Morrison and

Thumann (1980) to their non-RAS methods.

Overall, the matrix scaling method presented in this paper appears to provide a robust algorithm

for data matrices such as input-output tables. It enables additional data and constraints, including

cross-regional data, to be introduced. It therefore represents a useful advance on previous RAS

type methods since it overcomes what has been viewed a major limitation of the approach

(Morrison and Thumann, 1980), and has the advantage over other non-RAS methods of retaining

the intuitive appeal of the RAS approach. It thus appears to provide a means of constructing

social accounting matrices for natural disaster event accounting, and also a potentially useful core

algorithm for the proposed hybrid expert system.

A-9



REFERENCES

Adelman, I., et aI., (198M). Life in a Mexi~an Village:A SAM Perspe-etive, Journal of
Development Studies. Vol 25,1

Allen, R., (llJ76). Some Ex.periments with the RAS Method of Cpdating Input-Output
Coefficients, Oxford Bulletin of Economics and Sl<:itisti~s, pp 215-228.

Bacharach, M., (\ 9(5). Estimating Non-negative Matrices from Marginal Dal<:i. International
Economic Review. Vol 6. pp 294-310.

Bacharal.:h, M., (llJ70). BiproponionaJ Matrices and Input-Output Change. Cambridge University
Press, New York.

Bender, S .• (19H9a). Urban Growth. Environmental Change and Natural Hazards in Latin America
and the Caribbean, Annual Meeting of the Association of American Geographers, Baltimore.

Bender, S., (l9H9b). Disaster Prevention and Mitigation in Latin America and the Caribbean.
Colloquium on Natural Disasters, World Bank, Washington.

Butterfield, M. and Mules, T., (19KO). A Testing Routine for Evaluating Cell Accuracy in
Short-Cut Input-Output Tables, Journal of Regional Science. Vol 20,3.

Cohen, S., (1988). Social Accounting Matrices and the Comparative Analysis of Static Systems,
International Conference on the Construction and Use of Input-Output Models, Morganstown,
West Virginia.

Cole, S., (1987). Growth, Equity and Dependence in a Re-structuring Regional Economy,
International Journal of Urban and Regional Research, Vol 11.4,pp451-477.

Cole, S., (1988). A Multi-proportional Scaling Algorithm, presented at the RSA North American
Meeting, Toronto.

Cole. S., (1990a). Accounting after Natural Disasters: The Application of Social Accounting
Matrices, National Center for Earthquake Engineering Research, Buffalo.

Cole, S.. (l990b). The Construction and Application of a Cultural Accounting Matrix. UNESCO,
Paris.

Cuny, F., (1983). Disasters and Development. Oxford University Press, New York.

Deming, W. and Stephan, F., (1940). On Least Squares Adjustment of a Sampled Frequency
when Expe.cted Marginal Totals are Known, Annals of Mathematical Statistics, Vol II, No 4.

A-lO



ElIson, R., Milliman, J. and Roberts, B., (1984). Measuring the Regional Ewnomic Effects of
Earthql1akes and Earthquake Predi;;tions, Journal of Regional Studies, Vol 24, 4.

Evans, S., (1973). A Relationship between the Gravity Model for Trip Distribution and the
Transportation Problem in Linear Programming. Transportation Research, Vol 7, pp IlJ-36.

Friedlander. D.• (1961). A Technique for Estimating a Contingency Table Given the Marginal
Rows and Columns and some Supplementary Data, Journal of the Royal Statistical Society (Al,
Vol 124, pp 412-420.

Han, S. and Kim. J_, (ll)KX). Intelligent Urban Information Systems: Review and Prospects.
mimeo, University of Illinois.

Harrigan, F., and BuchaJ;an, I.. (19M). A Quadratic Programming Approach to Input-Output
Estimation and Simulation, Journal of Regional Science, Vol 24. No 3. pp 33Y-354. (see also

Harrigan F. and McNil·holl. I., (1986). Data Use and the SimulatiorJ of Regional Input-Output
Matrices, Environment and Planning lA>. Vol I X, pp 1061-1076.

Jahoda, M., et aL, (l98X). The Market Place for Expert Systems - Present State and Future
Trends, ILO, Geneva.

Jones. B.• (1989). The Need for a Dynamic Approach to Planning for Earthquakes after
Reconstruction, NCEER, Buffalo.

Jones, B., (1981). Planning for Reconstruction of Earthquake Stricken Communities, PRC-US
Joint Workshop, Beijing.

Kreimer, A., (l98l). The Post-Earthquake Reconstruction Effort in Mexico, World Bank
Environment Department, Washington.

Lecomber, J., (1975). A Critique of Methods of Adjusting, Updating and Projecting Matrices, in
Allen, R. and Gossling, W., Estimating Input-Output Coefficients, London Input-Output
Publishing Co.

OAS, (1988). Incorporating Natural Hazard Assessment into Project Preparation. Washington.

Oosterhaven, J., Piek, G. and Stelder, D., (1986). Theory and Practice of Updating Regional
versus Inter-regional Inter-industry Tables, Papers of the Regional Science Association, Vol 59,
pp 57-72.

Louis, St. L.. (1989). Empirical Tests of some Semi-survey Update Prccedures applied to
Rectangular Input-output Tables. Journal of Regional Science, Vol 28, No 23, pp373-385.

A-ll



Macgill, S., (1977). Theoretical Properties of Bi-proportional Matrix Adjustments, Environment
and Planning (A), Vol 9. pp 687-701.

Miller, R. and Blair, P., (1985). Input-Output Analysis: Foundations and Extensions,
Prentice-Hall, New Jersey.

Morrison, W. and Thumann, R., (1980). A Lagrangian Approach to the Solution of a Special
Constrained Matrix Problem. Journal of Regional Science. Vol 20, No 3, pp 279-292.

OAS. (1990). Natural Hazards Project: Summary of Activities. Washington

Pyatt. G. and Roe. A.• (1979). Social Accounting Matrices for Development Planning. IBRO.
Washington.

Rose. A.• (1988). Review of the Economic Effects of Environmental Hazards, mimeo, North
East Regional Science Association. Cornell University. Ithaca.

Rose, A. and Beaumont. P. (1988). Inter-relational Income Oisuibution Multipliers. Journal of
Regional Science (forthcoming).

Taylor. L. t (1979). Macro-Models for Developing Countries. McGraw-Hill. New York.

Tubbesing, S., (1989), Earthquake Reconstruction: Lessons for a Safer Future. NCEER. Buffalo.

A-12



APPENDIX B

THE SOLUTION OF THE "EVENT ACCOUNTING MATRIX"

Introduction

This Appendix des<:ribes input-output theory used to calculate the economic impacts of the

economic events investigated in this repon. It is based on a modification of a generalized

Leontief inverse method (Cole. 1YH7). In the last years several theoretical advances which

incorporate distributed activities and production delays into regional analysis have appeared.

These include, for example. the distributed production method of ten Raa (1986) the sequential

industry model of Romanoff and Levine (1986) and the econometric regional model of Charney

and Taylor (1985). The last authors especially emphasize how. in considering multiplier effects.

one must recognize the way in which these build up over time. The method presented here

incorporates expenditure lags into the standard impact model. Because the technique is especially

designed for calculating the distributed impact over time on household income. local taxes.

employment and other businesses, it may be readily extended to account for the changes in the

levels of activities and delays in restoring them to their former (or new) level, thereby simulating

the recovery program from a natural disaster.

The repon has differentiated between the direct and the indirect effects of a natural disaster on

an economy. The majority of the direct effects may be felt immediately - for example the

collapse of a building or bridge effectively terminates or cuts back production and distribution.

Others, may be delayed as stocks of raw materials are depleted. However, most indirect effects

depend on causal links in the economy and so, even though the disaster may itself occur over a

very short time period, its full effects are not felt immediately. Indeed, the economic impact is

likely to build up over time. All activities in the economy will take some time to adjust to the

new circumstances. With some activities this adjustment is rather rapid, with others it is much

slower. Even with a small event there is temporary departure from the normal pattern of growth

is cllperienced as the ripple effects work their way through the economy.
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The problem with conventional input-output analysis for present purposes is that it tends to avoid

the analytic problem posed by ex.penditure and recovery. In the standard model it is assumed (for

re-.asons of computational and empirical simplicity) that some responses are more or less

instantaneous (at most a few months), while all others take an infmite time (or at least many

years). Thus. inter-fmn transactions and household expenditures respond to changes in income

relatively rapidly. while other ex.penditures such as investment or government have a relatively

long response time (at least compared to the time-scale of interest). This may be argued to be

a poor approximation even for typical input-output calculations (such as the opening and closing

of individual plants or businesses) since. although the precise timing may vary, after several years

even these slower accounts are likely to make a significant contribution. Moreover. within the

first year, it is unlikely that even production and household expenditures will have reached

equilibrium. or that some downstream response by investors or government agencies will not

cJready have begun. The standard solution is even less satisfactory for evaluating "Jisastrous"

events, since here there are several time varying shifts to consider, both in the transmission of

the original disaster through the economy, and in the time-phasing of the recovery process.

Since the method proposed here is an extension of the earlier work, it will be briefly summarized

here, as a starting point for explaining the application to the "event accounting" procedures. The

method described in Cole (1987) for introducing expenditure lags and other delays (such as

transportation lags) has the merit of retaining the full simplicity of the standard (generalized

Leontief inverse) calculation while enabling "gestation" phenomena in all economic activities in

the region to be accounted for. While ext.emallinks (outside trade and investment) requires

some additional considerations, their treatment is similar to the corresponding local activity.

An Eltension of tbe Standard Model

In the standard model (see e.g. Miller and Blair, 1985) the impact on the total production of

sectors described by the vector X arising from the forecast vector of new final demands Y is

given by the familiar series
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x = (I + A + A2 + A3 +..AD+.. etc. ) Y

=(I - Ar1y

(B. I)

A is the matrix of direct input coefficients with elements ~j where subscripts i.k ...z take values

1 to N. Successive terms in the infinite series in (1) contain products of pairs. triples etc. of aij's

and the typical nth order term contains all possible combinations of products of n coefficients

such as

a.AJalma.n..··· ...llyz.

When lags are introduced. the fonn of expression (I) is retained involving the same product~ of

pairs. triples etc. of ~/s but now each term is associated with a nested integral. This may be

demonstrated using ille example of a general two sector economy. This shows the relationship

to the standard approach. For this purpose. the round by round calculation follows that given in

Miller and Blair (1985. pp. 31·33) for the case when no lags are included. There are two

differences from the standard model, the frrst concerns the accounts which are to be included in

the A matrix, the second concerns the expenditure distributions themselves.

In the revised approach, a new matrix A' is defined. This now includes aU accounts, including

activities with fast responses such as production and households, activities with slow responses

such as government and investment, and external sectors such as intra-regional uade and finance.

For an N x N accounts matrix, these accounts are panitioned initially so that for the domestic

accounts (i.e. production, factors, households. firms, government, invesunem.. say k accounts in

all), the new matrix is simply

a', = IL for i =1 to N and J'=I to kIJ ""lJ

and for all external accounts (i.e. inter-regional fmance and trade) the aij coefficients are now

a'ji =rlAi for i =1 to n and j=k+l to N
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where d j measure any feedback into the local economy from extra-regional income circuits (eg

expanded imports into the local economy in turn resulting in expanded exports from the

economy). The fa,t that the O<~<l means that there will always be leakages from the economy

and this prevents solutions to the model diverging. Beyond this, the ~ will not be of funher

interest until the fourth section of the paper and so. to simplify notation. the matrix elements of

the N x N matrix of Figure 1-2 will simply be written as aij in the following calculations.

In the extended method. two sets of expenditure lag are now introduced. The fIrst set of lags P.(t)

describe to the manner and timing of the exogenous demand Y. As a fIrst approximation (to be

modified later) the vector Y, and the associated lags p. represent the intensity and time-phasing

of the direct effects of the natural disaster. The lags depend on. for example. whether the impact

is more of less instantaneous or itself delayed in some way. The cumulative impact is defir.ed

in the same way such that the marginal effect (i.e. the fraction of the total event felt Uj.l to the

time horizon is given by Pi(t-t·).

i.e. Q(t'-t") =
t'

t"rq.(t)dt
J

(8.2)

These eltogenous impacts and lags. in general, will be assumed to be independent of the manner

in which the endogenous transactions - the normal day-to-day operation of the local economy ­

are conducted.

The second set of lags describes the delays in completing the endogenous transactions in the

regional economy. This affects aU transactions within the a rnatrilt as just defined. These lags

are given by CL(t) and again determine the cumulative transaction in any given time interval. This

depends directly on the fraction of income Q(t'-t") spent in the interval from t' to t".

In Cole (1987). it was assumed that transaction responses are a function only of the actor making

the expenditures since this ensures that activities have stable eltpenditure (i.e. input) patterns.

(Without this assumption it would be necessary to introduce a variable stocks account in order

to ensure that the material balance was maintained). This assumption is maintained for the
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moment here. but" ill he foregone later in um ... idering the incorporatil)n of the "event matrix"

into the model. Sim'e l'xpenditure" depend direllly on the Q,. the IllJrglllJI coefficient

repre.,enting paymenh to Jccount i frolll 'lI.:count J up to 01 tlIne horillm T Occome., QrnJ,!.

With the lag ... induded the two ...ector round by (\lund cakubtion thl'n i., rept'ated. Defining

X,(n.T) a., the I.:ontribution to the outpUt of sl'dm I l'llJllin!-, froll1 round n. the "ucce.,si,e terms

mu.,t be modified to en ... ure the proper "'CljucnL "lt! l1t IrJn"aLliolh. In particular. it is clt'ar that

income must not "pent until it i ... ren~'i\t'·d. and till unly Jftl'r 01 delay, Thu .... in 'IllY ...eljuence of

tran ...aetion ... taking plJee up to some arbitrary time hOl'llUn T. inl.:ome which i" delayed by t' III

the fiN tran.,al."tiot\ IllJy be spent only at ...ome tllne in the rt'maining time '1'-\', Gi, en thi.,. tht'

first round contrioution to ...el.'toral t'xpenditurl' of SCUIII I no" i., !!i\t~n by

where Q,P, an: cUlllul;.t\ive Joint transaction distributiolh .,ueh that

T
QrPJ = (dt,N~,1

() J

TJ
I dt,4,(t,) where '1',='1"1".

o .I

The ...ame Jrgument is repeated for the ...ucces.,ive round:--. TIIU"', inl."oll1e can only enter into the

second round once it hJ'" completed the fiN round. and once again it \II ill only be spent after J

lag. Again. the amount that ~:Jn he spent in the senmd fllund dl'pends on the time left to spend

it. which in turn depends on the delays in spending in the first rnund. and so on. This round hy

round cakulJtion demonstrates the meJnin~ of sUl."l."ess~\e tenm in the lagg.ed model in relation

to the standard model, and Jlso the symmetry bt.'t\H'en the expenditure I:oeffidenrs Jnd the

expenditure lags. This argument generalizes immediately to the N ...edor elollomy. Thus. when

lags are introdul:ed, the expression involves the ...arne produ\.."t ... of pairs. triples etc of a,) 's as in

the standard model. but now each term is associJted with an integral. so that the tenn

corresponding to the above is
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Ea~h nth order tcrm III the r,'gular scm's IS therefore multiplied In a correspondill~ ne ...led

integral F(n.T.j .. z) of the form:

Fln.T)=
T"
(ct~,P,(t,,)

() ) ()

'J~, I

Idt" 11I.lt" I)

J

where To = T. 1'1 = T . t i • T: = T . II t: alld ... 0 Oil. The ...hare of tl1l' inl:oll1l' \l hid1 \l ill lx'

Iransferred at ealh round will depend on the time r"lllainin~ after prn IUU'" trallsaclIlHh haH'

taken place. For ex:ullpk. if the dday in making ;1 p;utl\:ular tr~tIl ...a,tiull in lhc fiht lllul1ll i II'

thcn thl' maximul11 rcmainillg tillle fur thc ...e,·ond tran ...a,·tiun i ... T 1• al1(1 If ;\ lurlhn tIllll' t: ,·Iap ,· ...

before the ...econd trans~Idion i... made. then the Ill;\,imum liJl1l' r,'m.l\nin~ tllr the third \l ill Ix'

T:. and so on. Th,' final IL.Jlhadioll I11lht takc p);Il'C \l ith a tIl11l' T" I '" th;\t the Il)l;d til1ll' tdkl'n

for illl transiKtion ... I'" 1'.

Thc ahove Icads to a rather l"lllnplex ...erie ... pI' l'lll!\ olutl'd Intq:ral. '·\lrtunatl'ly. it ,'an he ...11O\\n

numerically for a variety of functional ciistrihutiolh (exponcntial. nOl'mal and galllma I and

parameters (eg. short versus delayed reSpOI1"t'SI that there i... a pradicd approximation to the

round by round ,'ak:ulatlon for an arbitrary di ...trihutioll which drdllutiGtlly ... implifin the

lakulJtion of IJggect impad.... and i... useful for 1110... t pradilal purpo ...e.... "01 thi ... approximation.

tht' Q, and P, arc takcn to lx' scparahle.

where P" Q, etl: are given a... in ~2). Gi\C11 thi .... the expn'ssiolls for lhe ulIHrihutioil 10 the impact

X, from sun:essive inn)Ille cyl.:ks also become ...eparabk because the each integral mer an

endogenous transauions i... a ... slKiated on a one to one hasi ... With the "orrc,ponding A matnx

coefficient. This applies for an A matrix with any number of JClOunh and means thaI the ..eries

expansion for X may now be written.

x = (I + QA + (QA): + (QA)' +.. (VAl"+.. etcl PY
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or as a summation similar to (B. I )

(B.7)

With this approximation then, the total impact up to time horizon T may be detennined b)'

inverting a reduced N x N matrix given by I - QxA. This is the matrix whose coefficients are

Q,(T)a" for j = I to k. and Qj(T)~alJ for the external accounts j=k+ I to N. The merit of (II) is

that X may be calculated in a like manner to the standard Leontief inverse since the regular

coefficients are simply replaced by the marginal coefficients for the full economy.

Extra-regional trade and financial flows are computed in a similar manner to endogenous

accounts, although the Q(T) for external accounts must now include all leakages from the local

economy. Because of leakages. the feedbacks to the local economy from the induced changes

(i.e. spillover effects) in the external economy are much reduced (and so are modified by the

parameters ~), The reformulated input-output approach presented above therefore provides a

strdightforward modification of the standard approach.

Incorporation or the "Events Matrix"

The above foemulation as it stands provides a basis for calculating the combined direct and

indirect impact of the natural disaster. if this is conceived of as a decline in economic activity

of impacted sectors, with no change in the \"omposition of inputs. This assumption of linearity

is made in most input-output calculations which use fixed coefficient production functions and

fixed consumption propensities. In this case the "event matrix" is simply a vector of changes

which represent a reduction in the exogenous demand Y. This, then allows the impact of the

event on all other sectors of the economy, and the various types of household and institution

identified in the SAM to be calculated. up to whatever time horizon is required. In practice these

assumptions of linearity etc. in the model. and the lack of a fonnal structure linking domestic

investment to production capacity limit the model to short and mid-range applications.
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In general "events" are more complicated than this. As considered earlier. the character of a

natural disaster is such that this is unlikely to be an adequate approximation. In this case, the

intensity of an event E may be represented by changes in the coefficient matrix, say, E * A. and

in the exogenous demand Y. This vector is related directly to the "event matrix" (considered

elsewhere) and simply measure the extent to which a particular activity has been disrupted.

Hence. the total impact now may be written as;

(B.8)

This formulation allows a number of situations to be accounted for. For example. in the context

of a disaster. the composition of inputs will be typically be changed because of diverse impacts

on the various pans of the economy, in panicular, distribution and other lifeline systems. If the

power networks (generating or refming capacity) are destroyed. but water and transponation

relatively unaffected by the disaster, then it may be possible for the necessary fuel to be shipped

into the region. In this case. the "technology" represented in the input-output table should change

to show that consumption of domestic fuel has changed. Moreover. since this may be a temporary

event with the expectation that domestic power systems will be restored to full capacity after a

specified period. this too should be included in the longer run calculation. Beyond this, it may

be that the recovery strategy involves an expansion and an upgrading of the power production

system. In this case, both the level of production. and the technology used are to be adjusted. In

general then. the "events matrix" is E(wij• cij ' ~j' rij). The parameter wij is the characteristic lag

associated with the transaction (as prescribed by the formulation of Cole, 1989). The remaining

parameters define the impact of the disaster and recovery - c. t and r respectively represent the

initial impact, the time-scale for recovery. and the expected impact of reconstruction.
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127424/AS).

NCEER-89-OO24 "Shaking Table Study of a 115 Scale Sleel Frame Composed of Tapered Memben." by
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NCEER-89-<Xl32 "Pr~ngs from the Serond U.S. - Japan Worksltop on LI'Iuefacuon. Large Ground DeforrnalJon and Theu
Effects on Lifelanes. September 26·29. 1989." Edited by T.D. O'Rourke and M. Hamada. 1211/89 (1'890­
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Whitman. 12/1/89. (PB90-173923/AS).

NCEER-89-<Xl39 "Seismic Effects on Elevated Transll Lines of the New York City Transit Authonty." by Col. Costantino. C.A.
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5/10/89. (PB90-207879/AS).

NCEER-89-0041 "Linearized ldenllficabon of Butldangs With Co",s for SeISmiC VulnerabilIty A.~se&smcnt." by I-K. Ho and
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5/15190. (PB91-10881l/AS).

C-7



NCEER-90-tUI8 "Ptlol Stud> on Seismic Vulnerabully of Crude 011 TransmissIOn Sysl£m•. " by T Anman. R. DolT). M.
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C.H. Conley. P Gergely and R.N, WhJte. 8122NO. (pB91-1087'i5/AS)

NCEER·<IO-WI5 ''Two Hybnd Comrol Systems for BUlldmg Structures Under Stmng Earthquakes." by J.N Yang and A
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Chung and C. Meyer, 9f30/90. (PB91-171280/AS)
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NCEER-91-0007 "A Framework for Customizable Knowledge-Based Expen Systems With an AppbCll1Jon to a KBES for
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White and P. Gergely, 2/28191. (PB93-l16630/AS).

NCEER-9I-0019 "Transfer Functions for Rigid Rectangular Founda11ons." by A.S, Velc:tsos. A.M. Prasad and W.H. Wu,
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NCEER·91·0022 "Proceedings frum the Implemenlauon of Earthquake Plaruung and EdllCauon m Schools: The Need for
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