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FOREWORD 

On July 23, 1992, a wlloquium was held in Madrid, Spain, entitled "Uses of Earthquake Damage 

Scenarios for Cities of the 21st Century." It was organized as a Special Theme Session of the Tenth World 

Conference on Earthquake Engineering (IOWCEE), sponsored by the International Association of 

Earthquake Engineers. The proceedings of that wlloquium form the basis of this Sourcebook. 

The Sourcebook focuses on, and provides a multifaceted introduction to, earthquake damage scenarios 

(EDSs). An EDS is a description of the anticipated effects that a large but likely future earthquake could 

have on facilities that are critical to an urban area. By tracing the wmplex series of social and economic 

events likely to be triggered by an earthquake, the EDS can raise awareness of earthquake risk among 

citizens, elected officials, and leaders of the private sector. It can also help administrators to define 

appropriate earthquake-hazard-reduction strategies, set funding priorities, and direct future research. The 

EDS is neither a new idea nor a panacea, and it cannot replace detailed technical analyses. EDSs can, 

however, help to create the social and political wntext in which such technical analyses become meaningful. 

EDS production is a multidisciplinary task, involving such diverse fields as seismology, soils mechanics, 

structural engineering, urban planning, social studies, economics, and emergency response. Because few 

people have expertise that spans these fields, the EDS presents special challenges: scientists and engineers 

must strive to make their work useful to the public; and government officials and business leaders must 

endeavor to take advantage of recent advances in science and technology. This volume therefore attempts to 

address a broad audience. It explores several of the technical and social issues involved in earthquake-hazard 

estimation in terms that we believe are both technically accurate and understandable to the lawerson. 

If this endeavor has been successful, the Sourcebook will be useful to a wide range of people. Mayors of 

earthquake-threatened cities might learn about techniques used in other cities to reduce earthquake hazards 

and gain insight into how those techniques might be applied in their cities. Managers in the private sector 

might learn about ways their businesses are vulnerable to earthquakes and how that vulnerability could be 

evaluated and reduced. Seismologists and engineers might devise new ways for EDSs to meet the needs of 

insurance companies, development banks, and emergency response agencies. 

We would like to highlight five themes emphasized by wlloquium participants. 

1. A standardized procedure or set of guidelines for preparing a scenario is needed, and the time seems 

ripe to engage international cooperation in such a project. 



economic effects of recent earthquakes in Latin America and concludes that the costs of earthquakes, in both 

human and economic terms, are likely to rise in the future. One reason cited by all three speakers for the 

increase in earthquake-caused economic loss is the expected increase in the proportion of poor construction in 

cities of the future. 

Part 11, "Earthquake Damage Scenarios for Los Angeles and Tokyo," chaired by Alain Le Saux, 

examines two similar methods used to reduce earthquake risk in two earthquake-prone cities. 

In their papers "The Technique of Making Earthquake Damage Scenarios in California" and "The Use of 

Earthquake Damage Scenarios by the City of Los Angeles," Glcnn Borchardt and Shirley Mattingly discuss 

earthquake-hazard-mitigation efforts in California. Mr. Borchardt tells how, in California, emphasis has 

been placed on estimating the effects of earthquakes on lifelines such as airports, freeways, pons, water and 

gas pipelines, electrical networks, and railways. Ms. Mattingly summarizes lessons about the effective use of 

EDSs, describes current efforts in Los Angeles to develop interactive scenarios, and suggests that cities 

should share successful earthquake-hazard-reduction techniques. 

In "The Technique and Use of Earthquake Damage Scenarios in the Tokyo Metropolitan Area," Tsuneo 

Katayama summarizes how EDSs have been produced and used in Tokyo over the last 30 years. We learn 

that Japanese scenarios attempt to estimate a broader scope of earthquake consequences than do Californian 

scenarios. They focus not only on damage due to shaking, as in California, but also on spread of fire, 

number of displaced persons, and loss of life; they take into account not only lifelines, but also typical 

dwellings. These more elaborate scenarios, however, also require more resources to complete: one study 

lasted nearly 15 years, while another took five years and cost approximately U.S.%4 million. Dr. Katayama 

feels that for all countries-developing and developed alike--it may be most cost-effective to produce 

scenarios in only one year. 

Participants in the Part I1 discussion section develop the idea that the effects of future earthquakes will 

extend far beyond the precise area of occurrence. With the increasing internationalization of national 

economies, a disaster in one country will increasingly affect other countries. One positive effect of this ever- 

widening scope is a heightened level of international concern and response to these problems. 

Part 111, "Earthquake Damage Scenarios for Disaster Management," chaired by David Dowrick, 

examines some of the possible applications of EDSs to natural-disaster management. In "UNDRO's Work 

with Earthquake Hazard Mitigation," Dusan Zupka explains the emphasis that the United Nations Disaster 

Relief Organization now places on natural disasters in assessing development programs. He describes how 

different types of earthquake scenarios, emphasizing different goals, can be used to evaluate hazards and 

identify mitigation measures. In "Application of Geographic Information Systems to Earthquake Damage 
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INTRODUCTION 
In recent years, major financial and human losses due to devastating earthquakes have been increasingly 

concentrated in densely populated urban areas. This trend holds true in both the industrialized and developing 

worlds. Recent major earthquakes, such as the Mexico City (1985) and Loma Prieta (1989) earthquakes, 

remind locals and others of the high vulnerability of certain urban areas to earthquake hazard and of the 

consequent need to enforce and improve upon current seismic codes. 

Thanks to this increasing awareness of seismic hazard, urbanization patterns and technological sites are 

being reassessed throughout the world to take earthquake threat into account. Japan and the United States 

lead this process, due to a combination of the heightened awareness of seismic hazard-ngraved in the 

memories of the Japanese and Californian populations as a result of the Great Kanto (1923) and San 

Francisco (1906) earthquakes-and the commitment of their governments to earthquake hazard mitigation. 

Enhancing disaster preparedness and response capacity-for example, securing and equipping evacuation 

routes, assessing and upgrading buildmgs and lifelines, revising building and land-use codes, stockpiling 

emergency supplies, and establishing special television and radio networks-is increasingly recognized as a 

priority political and socioeconomic issue by policy makers. 

The colloquium on earthquake damage scenarios, on which this volume is based, examined the growing 

threat that earthquake catastrophes pose worldwide and the corresponding need for earthquake-mitigation 

work in large cities. The one-day colloquium emphasized the ways in which international emergency- 

response agencies and financial institutions might benefit from scenarios as well as the ways in which future 

scenario projects could use existing scenarios as models. 

The goals and spirit of the colloquium match those of two major initiatives already underway: the 

International Decade for Natural Disaster Reduction and the International Association for Earthquake 

Engineering's World Seismic Safety Initiative. 

The contributions of the colloquium participants have been gathered together into a valuable educational 

volume, rich with contrasting viewpoints. This book can reasonably be expected to inform and stimulate 

earthquake-hazard-mitigation efforts worldwide. 

Rafael Bl&quez, Steering Committee Director 

Tenth World Conference on Earthquake Engineering 

Madrid, Spain 

July 1992 



PART I: URBAN EARTHQUAKE RISK 

Julio Kuroiwa, Chairman 

Dr. Kuroiwa is a professor of Civil and Earthquake Engineering at Peru's 

National University of Engineering in Lima and works as a consultant in disaster 

mitigation. He has worked extensively with United Nations organizations, including 

the U.N. Center for Human Settlement (HABITAT), the U.N. Office of the Disaster 
Relief Coordinator, and the U.N. Center for Regional Development. 



GLOBAL URBANIZATION 

Barclq Jones, Cornell Universiv, USA 

The population of the world has grown to unprecedented size and continues to grow rapidly. 
In 1900 it reached 1 billion people. By 1950 it was 2.5 billion. World population will be 6.2 billion 
in the year 2000. 

This population is both dispersed, or rural, and concentrated, or urban. Figure I. 1 shows the 
growth of urban and total world population. Urban population in the year 2000 will be greater than 

the total population of the planet in 1950. In addition, as total population grows, the percentage 

that 

Figure 1.1. Worldpoplattion, to101 and urban, 1950-2000 

is concentrated increases (Figure 1.2). 
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quarter of the world's urban population and about an eighth of the total population. 

In contrast, the 25 countries with the largest urban populations account for four-fifths of the 

total world population and as much or more of the world's urban population, in both 1960 and 

2000 (Table 1.2). Consider the situation in 1960. Shaded countries were also on the list of most 

urbanized countries at that time. The others were not. Notice that three of the first five were not 

among the most urbanized countries. In the year 2000, what is startling is that the list includes so 

many unshaded countries, which were not among the top 25 in 1960, while so many shaded 

%-: Untad Ns0mx.Fm'p.a~ of Warld Urbmrzotlm 1988. 

Table I. I .  Tbeny-five most urbanized countries, 1960 and 2000 



Table 1.3. Thiriy-five largest world agglomeraiion, 1950 and 2000 

the right column. Cities in the right column that are shaded are those that are new entries. It is 

interesting to note that the shaded cities on the left, those that disappear, are all from Western 

Europe or North America (with the exception of Osaka), while none of the shaded cities on the 
right, the new large cities, are from Western Europe or North America. 

Urban populations occupy systems of cities the size of which conforms to a skewed 

distribution, such as the lognormal or the rank size rule. Four properties define the rank size 

distribution: (1) total urban population, (2) the number of urban places, (3) the size of the largest 
urban place, and (4) the slope of the line describing the distribution. A change in any one property 

requires a change in at least two other properties. 

Figure 1.3 shows an idealized system of cities. In the lower curve, an urban population of 4.3 
million is distributed across 40 cities larger than 25,000, the largest of which is 1 million. The log 

of rank is on the horizontal axis and the log of population on the vertical axis. In the upper curve, 

the urban population has increased--slightly more than doubled--to 9.9 million and is now 

distributed over 80 cities, the largest of which is 2 million. From this diagram, one can see what 



In 1800, only one city, Beijing, had a population of one million (Table 1.4). In 1850, there were 

three cities that large. In 1900, there were 16. In 2000, there will be 410. In 1900, four cities had 
populations over 2 million. In 2000, one hundred cities will be larger than that--I can no longer 

name them. In 1900, two cities had populations over 4 million. In 2000, sixty cities will be that 

large or larger. 

1 million 
2 million 
4 million 60 

Table I. 4. Number of large agglomerations 

As total world population and the extent of empires fluctuated between A.D. 800 and 1800, the 

size of the largest city ranged from as large as 1 million to as small as 250,000. Since 1800, the 

size of the largest cities in the world has grown rapidly to unprecedented sizes and will continue to 

grow (Figure 1.4). Megacities-those cities with populations of 10 million or greater--are an 
inevitable outgrowth of world urbanization. 

Figure 1.4. Size of largest world city, 1700-2000 



The built physical environment (BPE) of buildings, other structures, and infrastructure that 

shelter and support human activities is accumulated over time. Its cost greatly exceeds income in 

any given period. Given this fact, it is virtually inevitable that physical facilities will be at 

inadequate levels in the early stages of urban growth and will increase with income. 

The replacement cost of the BPE is some multiple, k, of gross regional product (GRF'), as 

shown in Formula I. 1. 

BPE = k GRF' (1.1) 

In a baseline inventory that I have been making for one medium-size metropolitan area in the 

United States--Wichita, Kansas--I have found that the replacement cost of Wichita's BPE for 1983 

was more than $22 billion, while the GRF' was only approximately $6 billion per year. The 

multiplier k, for Wichita, is therefore 3.7. The gross product of the construction industry in that 

region was less than $650 million per year. This means that the replacement time for the BPE in 

Wichita, if no new construction were undertaken, would be 35 years. More realistically, if half of 

all construction resources were spent on maintenance, repair, and renovation, the replacement time 

would be 70 years. 

Cities grow by accretionary processes, expanding on the fringes and retaining large percentages 

of built physical stock from each period, so that most older structures will be near the center. Table 

1.5 shows the growth in population and the accumulation of building stock for a hypothetical city 

over the course of a century, from 1890 to 1990. Buildings survive from each period. Since 

growth takes place largely at the periphery, the area of urban agglomerations increases more rapidly 

than population does, and density declines. 

Table 1.5. Hpothetical city: change in population, building stock. and density, 1890-1990 

Figure 1.7 shows the hypothetical city's building stock for each period described in Table 1.5. 

The death rates of these buildings are, in my opinion, exaggerated. We are still working on means 



To meet the urgent needs of rapid urban growth, buildings and other structures will at first be 

inexpensive and less durable than those built later, when the pace of accumulation processes has 

matched pace of growth. In other words, the stock of buildings and other structures that will be 
built to accommodate the enormous urban expansion over the next two decades will be more 

fiagile and more vulnerable to disasters such as earthquakes than are existing building stocks. 

Dr. Jones is a professor of City and Regional Planning and Regional Science at 

Cornell Universify in Ithaca, New York. He also directs the Urban and Regional 

Studies Program at Cornell's Institute for Social and Economic Research. His 

current research includes developing indirect methods for estimating building 

stocks in order to assess earthquake risk and reduce vulnerabiliq. 



EARTHQUAKES AND MEGACITIES 

Roger Bilhm. University of Colorado, USA 

It is sometimes difficult for people in the developed nations to appreciate the effects of 
earthquakes. I often show the graph in Figure 1.8 to my students to highlight this problem. Of the 

various ways that people can die in the United States, earthquakes figure very insignificantly 

compared, for instance, to driving into and shooting one another. Even terrorists seem to win over 
earthquakes. This is not the situation, however, in the developing nations ofthe world. 

Earthquakes Terrorists Hand Guns Road 
Acaden_ts_ 

Figure I.8. Ways to die in the United States 

Figure L9 shows destruction caused by the 1990 Tabas Earthquake in Iran. The city of Tabas 
began with a population of approximately 30,000; only 3,000 inhabitants were alive after the 
earthquake. This disaster teaches us that in many developing nations, an earthquake lasting only a 
few seconds can destroy an entire city. The Tabas Earthquake had a magnitude of 7, comparable in 
severity to the earthquake that hit California in July 1992, in which only one person was killed. 
California has to be congratulated on both its building codes and its good fortune. 



Figure I .  11. Mexico City 

I hope the same is not true of Mexico City (Figure 1.1 1). It is the largest city in the world and 

lies close to the seismic gap on the coast of Mexico that caused the 1985 earthquake. A second 
seismic gap that has not yet released is closer to Mexico City than is the gap that caused the 1985 

event and is expected to cause a larger earthquake than the 1985 event. I am afraid we will see 
more collapsed buildings in Mexico City. 

To summarize this discussion of building quality: areas with good buildings tend to sustain 
expensive damage, while areas with poor buildings tend to lose large numbers of people (Table 1.6). 
Loss of life and facilities due to earthquakes in developing nations will be particularly tragic 
because these nations usually concentrate administrative infrastructures in their capital cities. 

Los Angeles 1987 M 5.9 
S358M 3 dead 

Mexico 1985 M 7.9 
S30M 9,500 dead 

Tangshan 1976 M 7.9 
$7 300,000 dead 

Table 1.6. Building quality as it affects impact 

17 



The population of the developed nations is not increasing substantially, and world population 
growth is occurring almost entirely in the less developed nations (Figure I. 13). It is as though a 
space station holding the current population of the earth were circling the earth and preparing to 
land. In other words, the population of the earth will double or triple over the next 25 years. 

Unfortunately, we have very little control over where these people will be born and live. Despite 

the dangers associated with living near a major fault, many will most likely do so. 

3000- 

2000- 

more developed nations 

Year 

Figure I. 13. World urban population, 1970-2025 (Source: LI. N.) 

Figure 1.14 shows those populations that will be living within 200 kilometers of a magnitude 7 

earthquake and those that will be living farther than 200 kilometers from one. Although these 

predictions are based on solid data, they still involve a good measure of guesswork, and 

earthquakes sometimes occur where one would not expect them. We do not expect very great 



Although it may look as though earthquakes are becoming more numerous, earthquakes are 

steady-state. The growing population of the earth is causing an increase in the number of fatalities 

due to earthquakes, while earthquake magnitude and frequency remain roughly constant. Stated in 

terms of the bomb metaphor, bombs have struck the earth at a constant rate over the course of 
history (Figure I. 16) while humans have gradually made more targets for these bombs (Figure I. 17). 

We have made not only more targets but larger targets. We have thus given earthquakes a greater 

chance to do damage to civilization (Figure I. 18). 

I 1 I I 
30 megatons 
= M7 earthquake 

Greater Hazard 
= greater risk 
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same hazard 

Figure 1.15 - 1.18. Earthquake likened to bombs 

Of these larger targets, only one has been hit: the city of Tangshan, China, in 1976. The death 

toll may have been as low as 300,000 or as high as 700,000. But this level of loss, as a virtually 

inevitable phenomenon, is unprecedented in human history. China has an enormous population. To 

lose one of its cities is tragic, but not a complete catastrophe for the national economy. For other 

developing countries, however, losing a large fraction of the people in a city of 2 million or more 

could have disastrous consequences for the entire nation. 



population. In general, most of the developing world follows this pattern, with expansion not only 
in the size of the population but also in the size of the largest city. 
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Figure 1.19. Distribution ofd&eloping country populations 



Figure 1.20 shows the history of earthquakes since the year 300 that are thought to have 
occurred on faults within 20 kilometers of Teheran. The repeat time for these earthquakes is 
approximately 160 years, similar to that for major earthquakes along the San Andreas Fault near 

Los Angeles. The last event was in 1830, similar to the last event on the San Andreas. The 

probability of a magnitude 7 earthquake occumng here within a decade has been calculated to be 

70%. 

The predicted tragedy of Teheran is a horrendous story. Of all the city's buildings, 45% were 

constructed in the last 15 years, and were built to withstand shaking of 0. lg. New calculations 

show that the predicted magnitude 7 earthquake will have a minimum shaking amplitude of 

approximately 0.4g. If this estimate proves to be accurate, 60% of all existing buildings will 
collapse. The airport will certainly be closed for weeks due to rupturing of the runway, so no relief 

will be able to arrive except by road from great distances. Electric power is expected to be totally 
lost for between one week and one month. The water supply will be almost obliterated, with 6,600 

kilometers of underwater pipes ruptured. Of the 145 hospitals in Teheran, most were built to the 
recent lower code levels, and many will likely be destroyed. It is expected that approximately 

400,000 people will be killed in this one city. 

This massive scale of earthquake-related destruction and death is a new phenomenon on this 
planet. The only precedents we have are times of great war and the bubonic plague, both of which 
debilitated or destroyed large fractions of whole nations. I fear that without vigorous measures, it 

will take decades for an affected country to recover from the consequences of a severe earthquake 

striking its capital city. 

Dr. Bilham is a professor of Geology at the Universiv of Colorado in Boulder. 

He is also afellow ofthe Cooperative Institute for Research in Environmental 
Sciences and the adjunct senior research scientist at Lamont Doherv Geological 
Observatory. His current research projects include studies offault ajterslip, 
Ethiopian rifi zone development, crustal deformation in Southern Calijornia, and 
the relationship of global sea levels to major earthquakes. 



TRENDS IN EARTHQUAKE COSTS 

Daniel Bitran, National Water Commission, Mexico 

This paper deals with the concrete experience that we have had in Latin America in evaluating 
the economic effects of earthquakes and other natural disasters. 

The governments of various Latin American countries have requested that the United Nations 

Economic Commission for Latin America (UNECLA) design post-earthquake reconstruction and 

rehabilitation programs. Using a methodology developed by UNECLA, we calculated the real 

impact of major Latin American earthquakes in the last 20 years. Three categories of economic 

impact were measured: (1) direct effects, including destruction of physical assets and inventories; 

(2) indirect effects, including reduced production of goods and services; and (3) secondary effects, 

including impact on economic variables such as GNP, balance of payments, employment, and 
inflationary pressures. 

Earthquakes and volcanic eruptions cause frequent disasters in Latin American and Caribbean 

countries. Most occur along the so-called Ring of Fire on the continent's Pacific coast and along 

other lines of contact between tectonic plates. 

Indeed, earthquakes tend to cause more casualties in Latin America than do meteorological 

phenomena such as floods. Earthquake-related loss of physical and social infrastructure generally 
also exceeds the damage caused by meteorological phenomena. These trends are particularly clear 
when earthquakes occur in urban areas. The impact of earthquakes on agricultural production, on 

the other hand, tends to be smaller than the impact of meteorological phenomena. 

The impact of an earthquake on a nation varies according to three factors: (1) the magnitude of 

the earthquake, (2) the area affected, and (3) the level of economic development of the country. 

During the last two decades, economic losses due to major earthquakes in Latin America have 
ranged from 3% to 83% of the affected nation's GNP (Table 1.7). The Nicaragua Earthquake of 

1972 caused the greatest economic impact, costing approximately 83% of Nicaragua's expected 
GNP for that year (direct losses 67%, indirect losses 16%). Mexico, by contrast, suffered much 

greater absolute loss (total losses, $4.3 billion), but lost only 3.2% of its GNP for that year (Table 

1.8). The fact that Nicaragua suffered colossal damage was due, at least in part, to the 

concentration of national population and economic activity in Managua. 



American countries. Though it is impossible to draw firm conclusions, it seems clear that the 

socioeconomic dislocation caused by natural disasters in general and earthquakes in particular will 

continue to rise for decades. 

Natural phenomena--earthquakes, in particular--tend to cause greater casualties and economic 

impact in developing countries than in industrialized countries. This greater vulnerability is due 

mainly to the urbanization processes in the developing countries. Rates of urban population 

increase are much higher in developing countries than in industrialized countries, while the quality 

of buildings, houses and safety standards tends to be lower. Rapid population growth and 

inadequate quality standards for urban infrastructure combine to produce increased risk. 

Large urban concentrations magnified the consequences of earthquakes in both Nicaragua and 

Mexico. The 1972 Nicaragua and the 1985 Mexico earthquakes, which affected urban areas, 

produced human and material losses much greater than those resulting From the Ecuador 

Earthquake, which affected mainly rural areas. As explosive population growth in developing 

countries increases population densities, casualties and material losses caused by earthquakes are 

bound to increase. 

Education and mitigation measures help to reduce earthquake-related casualties and damage in 

developing counties. Two phenomena, however, work against this, tending to increase 

vulnerability. On one hand, these countries tend to incorporate large-scale modem technologies 

that demand high levels of capital investment. On the other hand, the process of urban 

demographic agglomeration continues unabated. Both phenomena devour scarce city government 

resources that might otherwise be used on disaster-preparedness measures. 

Increasing use of new technologies--including nuclear technology, biotechnology, genetic 

engineering, and computer science--brings with it a new class of risks unknown in previous 

decades. Such technological developments increase the destructive potential of earthquakes: 

industrial accidents can leak toxic or radioactive waste, and damage to computer systems can 

impair the bnctions of the national economy. The effects of these new dangers tend to be more 

adverse in developing countries, where advanced technological complexes are often installed 

without suitable safety measures. These technological advances also increase the geographic extent 

of an earthquake's impact, spreading damage to regions remote From the event's epicenter. 

Poverty may magnify the effects of earthquakes in Latin American countries. The decade of the 

1980s, sometimes called the "Lost Decade," saw an increase, in absolute terms, in the poverty level 

of Latin Americans. This increase has brought deficiencies in living conditions, the quality of 



DISCUSSION 

Robin Spence, Cambridge University, UK 

There is an apparent discrepancy between the remarks made by Roger Bilham and the 

concluding remarks of Professor Barclay Jones. Professor Bdham said that there is some hope of 

minimizing the negative effects of earthquakes on the urban populations of developing countries 
because many of the buildings in which these populations will be living have not yet been built. 

Professor Jones said that the trends toward poverty and poor construction in urban areas would 

inevitably increase for some years to come. Could you, Dr. Jones, enlarge on your final remark and 

tell us if you think the dwellings of the future will inevitably be more vulnerable or if this trend of 

increasing vulnerability could possibly be reversed? 

Barclay Jones, Cornell University, USA 

When urban populations are growing rapidly, new facilities to accommodate them must also be 

built rapidly. These dwellings are frequently discarded within 25 years, as urban growth catches up 

and as more resources become available. Building stocks show a high child-mortality rate, and 

there is a greater probability that a building will be tom down or demolished in the first 25 years of 

its existence than after that. If it s u ~ v e s  25 years, it is likely to remain standing for a long time. 
Young buildings found in developing nations experiencing rapid population growth are typically 
relatively flimsy and poorly constructed. They have what could be called a built-in obsolescence. 

After China's Tangshan Earthquake, an enormous retrofit program took place in Beijing. 

Although Beijing itself experienced little actual destruction, the shaking felt there and news about 
Tangshan were sufficient to spur this effort. As a result, the visitor to Beijing today sees thousands 

of buildings, most of them less than 30 years old, that have been retrofitted, redeveloped, and 
strengthened to withstand hture shocks. These strengthened buildings will likely remain standing 

for many years. 

John Tomblin, DHA-UNDRO, Switzerland 

I was in Teheran immediately after the 1990 earthquake that hit some towns in northwestern 

Iran. Near the United Nations office a six-story steel-framed building had also collapsed, although 

Teheran was more than 200 kilometers from the earthquake's epicenter. I later learned that this 

building had collapsed several days before the earthquake simply because an older structure had 
been removed from a site adjacent to it. The steel frames of many Iranian buildings have been spot- 



influence. Of course, we cannot stop earthquakes themselves. But the destruction resulting from 

an earthquake is by no means inevitable. We sometimes think of this destruction as an act of God, 

too, but actually it is our fault. 

Professor Ambraseys points out that in the 4,000 to 5,000 years of recorded history, supercities 
and megacities have emerged only in the last hundred years. While humanity can doubtless survive 

a few Tangshan-like events, people can also take action to mitigate hture disasters. The people 
who need to get this message are the urban planners and architects in these large cities. They must 

be made to understand that something can be done to minimize earthquake damage. Though the 

remarks we have heard here to the effect that the situation may well be more ominous than I made 

it out to be are no doubt valid, there is nevertheless room for hope. There is room, for example, for 

retrofitting older buildings and for redesigning many of the structures that will be built in the next 

few years. There is no room, however, for complacency in this matter. Events that have in the past 
been taken as acts of God may well in the future be taken as studies in criminal negligence. 

Brian Tucker, GeoHazards International, USA 

Professor Jones mentioned that he is studying Wichita, Kansas, and as a professor at an 

American university, most of his experience has been with U.S. cities. To what extent, Dr. Jones, 

can the experience of cities in the industrialized world be helpful to non-U.%, non-Western cities, 
which are often quite fast-growing and fragile? 

Barclay Jones, CorneN University, USA 

My guesses about the applicability of our experience to developing nations are based on 

personal experience working in developing countries and close contact with the many students from 

developing countries who have worked under me on the problems of their home countries. 

Applicability varies tremendously from place to place. In Indonesia--to mention one example of an 

area where our experience applies poorly--the historical vernacular building has been a wood- 

framed, wood-walled structure well designed to withstand earthquake shocks. Over the last 25 to 
30 years, however, construction in Indonesia has been similar to recent construction in the West. 

These newer buildings will not withstand earthquakes as well as the traditional buildings. 



Tsuneo Katqyama, Universi~ of Tokyo. Japan 

Dr. Bilham said that the urban planners of today are responsible for safety in cities. He also 

said, in unequivocal terms, that seismologists of this decade must make a concerted effort to 

characterize future seismic hazard. But in his comments about Teheran, he used the report of the 

engineers to highlight the need for assessments. What then are his definitions of planner, engineer, 

geologist, and architect? 

Roger Bilham, Universiv of Colorado, USA 

Essentially, the seismologists and geologists of the world are interested in earthquakes as an 

esoteric study. The people who build buildings like constructing buildings and making a profit. 

Urban planners send out requests and take the lowest bids simply to get houses built, because the 
demand in these large, fast-growing cities is intense. These pressures on the various professions are 

understandable. Perhaps the problem is the lack of forums where experts from a variety of relevant 

disciplines gather to consider a given problem as a unified whole. 



SUBMITTED COMMENTS 

Thomas Anderson, Fluor Daniel, Inc.. USA 

Barclay Jones gave the figures of 150 to 250 years for the life expectancy of buildings. This 
may be accurate as an average range, but it does not hold true in Southern California, where 

building life expectancy is less than 50 years. 

Anand Arya, Universib ojRoorkee, India 

It would be useful to consider such questions as why urbanization is growing, whether the trend 

toward urbanization could be arrested, and how this might be possible. Another useful approach 
would be to consider what could be done to draw the attention of city planners to earthquake risks 

so that they might become proactive in reducing future risks. 

Mustaja Erdik, Bogazici University/Kandilli Observatory & Earthquake Research Insiitute. 
Turkey 

It would be interesting to consider discrepancies between predicted and observed scenarios to 
date. 

Sudhir Jain, Indian Institute o j  Technology, Kanpur, India 

Procedures for developmg quick, perhaps crude scenarios would be extremely useful, especially 
in developing countries. It is unlikely that many vulnerable megacities will have both the will and 

the resources necessary to develop sophisticated procedures like those used in Los Angeles and 

Tokyo. 

Mario Or&, Centro Nacional de Prevencidn de Desastres (CENAPRED), Mexico 

It would be interesting to analyze the observed trends of damage in megacities of the First and 
Third Worlds. Apparently, economic losses are huge in the First World and moderate in the Third 
World, while casualty figures show precisely the opposite trend. 


