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I. Introduction

As a region, Latin America and the Caribbean know first hand the devastation caused by hurricanes, floods, earthquakes, landslides, and volcanic eruptions.  In the last 10 years, natural disasters have caused more than 45,000 deaths, left 40 million injured or in need of assistance, and cost more than US$20 billion in direct damage alone.

The health sector has proven particularly vulnerable to such havoc.  Indeed, during the past two decades, over 100 hospitals and 650 health centers were damaged as a result of natural disasters, collapsing altogether or so severely damaged that they had to be evacuated.  According to the United Nations Economic Commission for Latin America and the Caribbean (ECLAC), accumulated losses in this regard amounted to US$3.12 billion—the equivalent of an extreme situation in which 20 countries in the region had each suffered the demolition of six hospitals and at least 70 health centers.

Approximately 50% of the 15,000 hospitals in Latin America and the Caribbean are sited in high risk areas, and many of them lack disaster mitigation programs, emergency plans, or the infrastructure needed to withstand earthquakes, hurricanes, and other natural phenomena.

In this context, existing codes and regulations on the design and construction of health facilities must be revised and reoriented towards disaster mitigation, with the ultimate goal not only of protecting the lives of patients, staff and other occupants, but also of ensuring that such facilities can continue to operate after a disaster has struck.  The knowledge of how to build safe hospitals not only exists, but is readily available.

The Pan American Health Organization is leading one of the various efforts to disseminate this knowledge through the PAHO/WHO Collaborating Center on Disaster Mitigation in Health Facilities of the University of Chile, which is drafting the Guidelines for Vulnerability Reduction in the Design of New Health Facilities with the support of the World Bank and the ProVention Consortium.  

It is the aim of this discussion paper, within the context of the international meeting Hospitals in Disasters: Handle with Care, organized by PAHO/WHO in San Salvador on 8-10 July 2003, to facilitate the task of the working groups that will assess and validate the Guidelines for Vulnerability Reduction in the Design of New Health Facilities.  The paper will include extracts and summaries of the Guidelines themselves, complemented with information relevant to investors and managers in the health sector. In the course of the meeting, information will be drawn from the working group sessions for its eventual incorporation in the Guidelines.

2. Natural phenomena and health infrastructure 

While no country can afford the high costs associated with natural disasters, their impact is disproportionately higher for developing countries.  It is estimated that disaster-related losses as a ratio of GNP are 20 times greater than in industrialized nations.
 Among the effects of such phenomena, the damage caused to health infrastructure in Latin America and the Caribbean has been particularly severe. (See Annex I, which lists the effects of natural disasters on infrastructure and the ground itself.)
Hurricanes such as Gilbert (Jamaica, 1988), Luis and Marilyn (September 1995, Antigua and Barbuda, St. Kitts and Nevis, St. Maarten and other islands), as well as the earthquakes that hit Mexico in 1985, El Salvador in 1986 and 2001, and Costa Rica and Panama in 1991, caused serious damage to those countries health facilities, affecting their capacity to care for the victims of the disasters. (See Table 1 for more details.)
Table 1 – Hospitals and health centers damaged or destroyed in Latin America and the Caribbean by selected natural disasters

	Disaster 
	Hospitals and health centres affected 
	Hospital beds out of service

	Earthquake, Chile, March 1985 
	79 
	3.271 

	Earthquake, México, September 1985 
	13 
	4.387 

	Earthquake, El Salvador, October 1986 
	7 
	1.860 

	Earthquakes, El Salvador, January and February 2001 (a) 
	113
	2.021

	Hurricane Gilbert, Jamaica, September 1988 
	24 
	5.085 

	Hurricane Joan, Costa Rica and Nicaragua, October 1988 
	4 
	... 

	Hurricane Georges, Dominican Republic, September 1998 
	87 
	... 

	Hurricane Georges, Saint Kitts and Nevis, September 1998 (b) 
	1 
	170 

	El Niño, Perú, 1997-1998 
	437 
	... 

	Hurricane Mitch, Honduras, November 1998 
	78 
	... 

	Hurricane Mitch, Nicaragua, November 1998 
	108 
	... 


Source:  Proceedings, International Conference on Disaster Mitigation of Health Facilities, Mexico, 1996.
a During its 35 years of operations, Joseph N. France Hospital in Saint Kitts was seriously damaged by hurricanes on 10 separate occasions. 
... Data unavailable
What are the implications of such natural disasters for the health sector?  Some are direct:

i. Health facilities are damaged.

ii. Local infrastructure is also damaged, interrupting the basic services that are indispensable to the provision of healthcare, and blocking or destroying access routes to the facilities.

Others are indirect:

i. An unexpected number of deaths, injuries and illnesses hit the local community, overwhelming the health network’s therapeutic response capacity.

ii. Population displacements occur, whether organized or spontaneous, away from the affected areas towards those that have not been directly hit, but whose health systems may not have the capacity to cope with the increased demand for its services.

iii. The risk of transmissible diseases and mental diseases as a result of the disaster is likely to increase among the affected population and those who come in contact with them.

iv. Food supplies may become scarce, threatening the population with malnutrition and all its attendant hazards.

Just to give an idea of the macroeconomic impact of any given example, Chart 1 shows the steps that need to be taken to assess the damage and determine the financial cost of replacing the infrastructure that has suffered partial or total damage. But the economic impact of a disaster goes beyond the direct damage; and, as noted earlier in the case of health facilities, indirect damage is hard to quantify.  Indeed, the financial impact tends to build up throughout the rehabilitation and reconstruction period until operational capacity is fully restored.  Damage to assets and services may contribute significantly to the impoverishment of the population, since they lead to loss of jobs and livelihoods.

Specifically, the vulnerability of hospital facilities to potential hazards involves six major areas:

1) Buildings. The building specifications, particularly regarding design, the resiliency of the materials, and physical vulnerability, determine the ability of hospitals to withstand adverse natural events.  The slightest structural or architectural element that collapses or falls off entails both financial and human costs.

2) Patients. It is customary for health centers to work 24 hours a day at about 50 percent of their service capacity.  Any disaster will inevitably increase the number of potential patients and amplify their level of risk.

Chart 1:

 Sequence of steps for assessing damage to infrastructure after a disaster


Source: ECLAC, Handbook for assessing the socio-economic and environmental effects of disasters, Santiago, 2002.
3) Hospital beds. In a disaster situation, demand for hospital beds is only bound to go up, overwhelming current availability unless emergency requirements have been taken into account.

4) Medical and support staff. It is hardly necessary to describe the significant disruption to the care of the injured that ensues when medical or support personnel lose their lives in the course of the disaster.  At times, the loss of a highly qualified specialist can entail a major technical cost for the affected country.

5) Equipment and facilities. Damage to non-structural elements (such as equipment, furniture, architectural features, and medical supplies) can sometimes be so severe as to surpass the cost of the structural elements themselves.

6) Basic lifelines and services. The ability of hospitals to function relies on lifelines and other basic services such as electrical power, water and sanitation, communications, and waste management and disposal—and it is not a given that backup, autonomous emergency services are available to all health facilities.

When it comes to disaster resiliency standards, the bar is inevitably raised in the case of health facilities, particularly hospitals.  It is not enough for them to remain structurally sound long enough for non-ambulatory inpatients to survive; instead, these patients must continue to receive appropriate care even as new patients are coming in as a result of the injuries sustained during the event. It is also important that health promotion and prevention programs, such as prenatal care and hemodialysis, not be interrupted. For all these services to continue uninterrupted, formal mitigation plans must be in effect.  However, such plans sometimes fail to contemplate organizational alternatives when the facilities suffer severe, indeed immobilizing, damage. And there is, indeed, little that can be done in such circumstances.  Hence the need for all such considerations to be taken into account when contemplating the design and construction of health facilities, in order to provide general safety and, above all, preserve the functionality of key areas of the hospital such as emergency services, intensive care units, diagnostics facilities, the surgical theater, the pharmacy, food and drug storage areas, and registration and reservation services.

Many hospitals significantly damaged by earthquakes were designed in accordance with seismic-resistant building codes.  In fact, the structural design of hospitals calls for even higher standards than that of ordinary buildings meant for housing or offices.  Most seismic building codes in the region strive to protect the lives of those inside the building, not to ensure the continuity of the building’s operations.
  Both the architectural and the structural design of health facilities should consider not only the merely physical aspects of any given adverse event that may affect the hospital, but also the social, economic and human implications of the functions played by hospitals in a community.

3. What Can Be Done to Encourage Mitigation Measures in New Health Infrastructure?

The loss of lives and property as a result of earthquakes and other extreme natural phenomena can easily be prevented by applying existing technologies without incurring in enormous financial expense.  All that is required is to have the will to apply the right techniques.

It takes about two generations to replace the current stock of buildings in most communities.  Designing and building new structures is therefore hardly a feasible response to all current hazards.

At present, not all countries in the region have adopted or implemented the necessary technical standards for the hurricane- or earthquake-resistant design and construction of new buildings. While this may appear regrettable, it suggests that significant reductions in risk and damage are possible if only preventive measures are incorporated into the design, construction and maintenance of all new health facilities.

In this respect, applying the Guidelines for Vulnerability Reduction in the Design of New Health Facilities can play a key role in reducing existing risks. The section that follows considers in some detail the proposals contained in the Guidelines, suggesting some additional considerations that health authorities, planners and decision-makers may wish to take into account when weighing both the financial and the policy implications of allocating funds for new health facilities.

4. The Action Plan: Applying the Guidelines for Vulnerability Reduction in the Design of New Health Facilities

The purpose of the Guidelines is to assist health-sector managers and professionals whose job involves the administration, design, construction or inspection of hospitals and other health facilities, such as health centers, laboratories, or blood banks, so to protect both the investments made and the continuity of operations. In order to achieve this purpose, the Guidelines propose six basic stages for the development of projects, which are coherent with the pre-investment, investment and operation phases of the traditional project cycle:

· The need to protect the healthcare system as a whole;

· General criteria regarding the choice of the site;

· The preliminary project;

· The final project;

· The assessment of the work team; and

· Quality assurance procedures.

Chart 2 shows the sequence of these stages when applying the Guidelines.  As can be seen, the first four are consecutive—that is, one follows the other, while the final two are to be continually implemented over the course of the project.

Chart 2 --  Stages in the application of the Guidelines

4.1 Protecting the healthcare system as a whole

Once the desirable characteristics of the health-care network have been determined and it is apparent that a new health facility should be added to the network in a specific location, it is necessary to determine the role the new facility should play both in normal times and during a variety of emergencies of various degrees of intensity.

This stage in the project cycle calls for three steps:

(i) Defining the protection objectives of the new facility;

(ii) Defining the protection objectives of the medical and support services and systems; and

(iii) Determining the levels of protection needed for the various infrastructural components of the services.

In the first place, each specific health facility must set the overall protection level or performance objective for the operation, based on the services it intends to provide during an emergency and its overall survival capacity.

Performance objectives can be of three types, depending on the level of protection desired, or the level that is practically feasible:

· Life safety – The minimum requirement for any infrastructure, and the criterion most commonly used in the design and construction of health facilities.

· Investment protection – The protection of all, or at the very least the key components of, the health facility’s infrastructure and equipment, even if the facility itself cannot continue to function. Based on this criterion, it is possible to design and build infrastructure that can restart operations within a reasonable time—although not immediately—at a cost that can be met by the Institution.

· Functional protection – Investment protection is implicit in this objective, which in addition calls for the construction of systems that can remain operational during a disaster or recover their functional capacity in a relatively short time.

The overall performance objective of a given health facility is a function of the performance level of each of the services it provides.  A performance objective should be set for each of those services, which should first be classified broadly as medical services and support services and systems, then sorted further into the various sub-categories that may apply.  In order to ensure that the performance objective chosen is the right one for each service, it is advisable to first determine the level of importance of that service in terms of its function, its intrinsic vulnerability, and the nature of its components (i.e., whether they are combustible, or so heavy that they could damage surrounding objects or people should they become unmoored).  It is not necessary for all the services in a given health facility to meet the same performance criteria as those set for the facility as a whole.

This exercise should identify specific needs in terms of organization, safety, and damage control of infrastructural components, and will also set requirements regarding the characteristics of the site where the health facility will be built and the infrastructure involved.

Infrastructure is typically divided into two sub-categories: the structure, and the non-structural elements. 

· The structure comprises all those essential elements that determine the overall safety of the system, such as beams, columns, slabs, walls, braces, or foundations. 

· The non-structural elements are those that ultimately enable the facility to operate; they are divided into architectural elements, equipment and content, and services or lifelines.

Finally, just as performance objectives are set for each of the services, the same should be done for the infrastructural components, both structural and non-structural, so that they at the very least meet the standards set for the services of which they form a part or with which they interact.

4.2 General criteria for site selection

This stage involves three phases:

· The pre-selection of several potential sites

· The assessment of the various options

· The definitive selection of the site

The pre-selection and selection of the site for the facility must be based on an assessment of the healthcare needs of the population and the characteristics of the existing health network. The choice of site will also be affected by public health policies and any demographic, geographical, sociopolitical or economic criteria set by the institution. 

Other important considerations are the performance objectives sought for the facility at normal times and during emergencies, the comparative analysis of the natural and technological hazards present at the various potential sites, the estimated cost and technical feasibility of implementing the necessary protection systems, the economic resources available, and the findings of a cost/benefit analysis of the options.

This assessment must cover not only the specific sites but also their surroundings. The way in which natural phenomena affect the surrounding population, the population of reference and the relevant infrastructure must all be evaluated, particularly their impact on lifelines and access roads that allow a facility to meet its objective.

In short, when looking at potential sites for a new health facility, the following variables all come into play:

· Public health requirements;

· Sociopolitical considerations;

· Industrial and other technological hazards;

· Natural hazards;

· Performance objectives in normal times;

· Performance objectives during emergencies;

· Characteristics of the healthcare network;

· Socioeconomic restrictions;

· Technical restrictions; and

· Political and social restrictions.

Once the potential siting options have been identified, it will be necessary to evaluate each one on the basis of known historical and other data as well as preliminary studies on the variables mentioned above.  Special attention should be paid to the natural hazards prevalent at each site.  In the case of each specific hazard, attention must be paid to:

i. The technical and financial feasibility of implementing overall protection systems for the facility as a whole;

ii. The potential impact on the client population, on lifelines, related services and access to healthcare services; and

iii. The potential impact on the region’s or country’s healthcare network.

The definitive site selection will be based on which potential site offers the best mix of safety and accessibility, based on all of the criteria cited above.

There may be times when the performance objective desired cannot be met due to the extreme conditions of vulnerability confronting the target population. An example would be settlements on a floodplain in locations that are known to be particularly vulnerable.  Since such settlements cannot simply be written off but must receive healthcare, siting decisions should involve the following aspects:

· Distributing the intended functions of the facility in such a way that they are carried out in different locations that are remote from each other.

· Procuring mobile or temporary facilities, such as field hospitals, and deploying them in the relevant areas. 

· Producing effective reference systems so that the population can easily be transferred to health facilities in other areas.

4.3 The preliminary project

Having chosen the best site, it is time to design a project that provides a level of safety commensurate with the performance objective chosen. The protection systems to be used for this purpose must meet two requirements: they must be feasible to build, and it should not be too difficult to give them effective maintenance. A poor design will lead to constraints during the other stages of the project that could make it difficult, even impossible, to meet the performance objective.

The design stage involves three key actors:

· The Client Institution, which sets the goals and requirements for the project; 

· The Execution Team, which carries out the various tasks required at each stage; and 

· The Reviewing Team, whose job is quality assurance in compliance with the project goals and needs of the Client Institution.

The design process has, as its starting point, a Medical Architectural Program, defined by the Institution, which stipulates the services the new facility will provide and the physical spaces it will require to do so. The Program typically specifies all the services to be provided, the functional areas needed, and the desired dimensions in square meters or feet. It is on the basis of this Program that the Preliminary Plan will be drafted, which will define how the services and spaces will be handled. This process must include the definition of the physical characteristics of the facility and its operations.

Taking into consideration the hazards the facility may face, it will be necessary to choose protection methods and systems that can meet the challenges posed by these hazards. For instance, in areas of high seismicity, buildings must be regular in their geometric plan and elevation, and systems that do not lead to sharp deviations in the structural system must be selected. 

Usually, more than one preliminary plan will be produced for each facility. The selection of the definitive plan, in addition to any functional and aesthetic considerations that may influence the final choice, should be guided by how thoroughly the existing regional and local risks have been taken into account, along with the necessary solutions to secure the performance objective set for the project. 

4.4 The definitive project

The design stage culminates with the final or definitive version of the project, which includes all the technical specifications, plans, mockups, and tender documents required to faithfully turn the conception into reality. Due to the complexity of a health facility, a large number of professionals representing different specialties must participate. Each team of specialists will be in charge of developing a specific subproject: the structure, HVAC, the various support services, and so on. 

From the point of view of vulnerability reduction and the fulfillment of the performance objective, the Design Coordination Team must advise each of the specialized work groups on the functional and protection requirements specified for the facility and its services, and they in turn must specify clearly how they will achieve those objectives.  In this fashion, the protection systems to be incorporated will be clearly described in the technical specifications, construction plans, and As-Built reports. 

When considering the overall safety of the infrastructure in question, it is common to classify its components into two groups: the structure itself, and the non-structural elements. 

Generally, the design team in charge of the structure is proficient in two disciplines: structural engineering and architecture. 

The structural system must meet the performance objectives defined for the facility as a whole and the services it will provide. In general terms, the design must incorporate structural detailing that can effectively meet the protection objective for each level of risk. It is also important to incorporate in the design any systems that, in case of damage and functional losses, may enable the facility’s services to recover within a predefined timeframe.

In the design of the nonstructural elements, all disciplines must be equally involved. Non-structural elements are those components that, while not being part of the resistant system of the structure, are crucial to the effective operation of the facility. In the case of hospitals, close to 80 percent of the total price tag for the facility goes into non-structural components, among them architectural elements, medical and laboratory equipment, office equipment, electrical and mechanical-industrial equipment, distributed lines, and basic installations.

The impact of damage to the facility’s non-structural components may vary. For instance, damage to medical equipment or to the lifelines that supply medical and support services can actually cause loss of lives or—what often amounts to the same thing—the loss of the functional capacity of the facility. While less dramatic, partial or total damage to certain components, equipment, or systems may entail prohibitive repair and replacement costs. Major damage to systems, components, or equipment containing or involving harmful or hazardous materials may force the evacuation of some parts of the facility, resulting in a loss of operational capacity.

Secondary effects of the damage to non-structural components are also important, for instance the fall of debris in hallways or escape routes, fires or explosions, or the rupture of water or sewerage pipes. Even relatively minor damage, it should be stressed, can compromise aseptic conditions in the affected areas, putting critical patients at risk.  Special attention must therefore be paid to the safety of the non-structural components.

4.5 Assessment of the work team 

A key aspect of quality assurance, especially in the case of health facilities with high protection requirements, is the selection of experienced professional teams who remain active and up to date in the field. For this reason, the selection of the professionals and firms that will conceive and make the project a reality must be based on an objective appraisal of their qualifications, such as their professional level, the number of projects completed, the square meters that have effectively been built, and their previous participation in health sector projects.

The preliminary stage of the project, including the hazard and risk assessments, calls for the hiring of a wide spectrum of professionals such as urban developers, topographers, geologists, specialists in soil mechanics,  meteorologists,  hydrologists, seismologists, and volcanologists, not to mention hydraulic, wind, seismic, and structural engineers. The specialists in charge of vulnerability and risk assessments must have some previous experience, preferably in connection with the building of health infrastructure.

During the project design, construction and inspection stages, professionals will be needed in all of these disciplines and more: architecture, budgeting and finance, construction methods, electrical installations, fire safety, general safety, HWAC, industrial equipment, medical and laboratory equipment, personnel management, sanitary facilities, structural design, telecommunications, vulnerability, waste management, and water treatment.

The assessment of the consultancy firms and teams of professionals that aspire to participate in the project must be based on predefined selection criteria and requirements, in order to ensure that the selection process is transparent and quality-driven, and that all local and national standards are met if not surpassed. It should be stressed that, with few exceptions, all the specialists mentioned here are needed for the execution of the overall project, not only for carrying out the vulnerability assessment and determining which mitigation elements to include.  When developing the terms of reference and requirements for hiring the work teams, thus, it must be specified that in addition to the tasks they would normally carry out they will also be responsible for participating in the definition of the disaster mitigation systems.

4.6 Procedures for quality assurance

The development of a quality project, including review and inspection mechanisms at each stage to ensure the meeting of Performance Objectives, should at the very least consider the following principles:

· A high performance objective calls for a high degree of specialization among project participants. 

· Design and construction should meet the principles and quality criteria of the ISO9000 standard.

· At each stage of the project, participating specialists must review the work underway to make sure it meets the standards of their particular discipline.  

· At each stage of the project (including both design and construction), independent inspections must be carried out. 

· Before the final plans are issued for each of the components or disciplines, a draft must be issued to the various teams of specialists for review and commentary.

· All quality standards that the project requires must be documented. 

· The Technical Inspection Team must comprise a multidisciplinary group of specialists with expertise proportional to the overall protection requirements of the project..

· The Technical Inspection Team must guarantee that all the provisions stipulated in the tender documents are met. 

· The Technical Inspection Team must make every effort to ensure that its role is preventive rather than corrective.

· Each standard system, equipment, or component must be certified to meet the performance objectives of the project.

· Any modification to the original project during the construction stage must be approved by all the parties: the Client Institution, the Project Director, the Coordination Team, the specialists, the Technical Inspection Team, and the Contractor. The characteristics of the modification must be described in detail in the As-built Report.

· Materials, systems or equipment defined in the project specifications may be replaced by a technical equivalent proposed by the Contractor, subject to the prior approval of all the parties. The characteristics of the technical equivalent must be clearly described in the As-built Report.

· Any project involving operational or investment protection objectives calls for an As-built Report. 

The Guidelines also specify in considerable detail which items to evaluate as part of a “Project Quality Assurance Program” spanning all stages from the preliminary studies to the actual construction of the project.

5. Additional considerations

5.1 Investment in mitigation measures 

As a consequence of recent disasters, which have underscored the extreme vulnerability of the region, several governments have placed disaster prevention near the top of their political agendas.  In the health sector, likewise, both governmental authorities and international organizations have become aware of the importance of implementing firm mitigation policies given the strategic role that health facilities are called on to play precisely in the event of a disaster.  However, this increased awareness has yet to materialize in concrete measures, due to budgetary, bureaucratic, and political constraints.

The main challenge is to persuade countries to invest in infrastructure and mitigation systems.  A key problem with mitigation projects is the belief that they will significantly increase the initial investment, affecting eventual profits or healthcare budgets.  This reticence by governments and the private sector alike is aggravated when financial resources are scarce or expensive, forcing mitigation projects down the list of priorities when it should be just the opposite: protecting significant investments requires high safety and performance standards. 

A mitigation investment that increases the structural resiliency of a hospital will increase total construction costs by no more than 1 or 2%.
 If to this we add the cost of the non-structural elements (which account for about 80 percent of the total cost of the facility), estimates indicate that incorporating mitigation elements to the construction of a new hospital accounts for less than 4 percent of the total initial investment.  Evidently, a vulnerability assessment will indicate the advisability of such a small marginal investment, if only as an alternative to expensive insurance premiums or replacement costs—all this without taking into account the human and social losses that are likely to occur if mitigation is not taken into account.

On the other hand, a good architectural-structural design can actually reduce the protection costs of the non-structural elements.  The quality of such a design will depend on the collective experience of the work group, how well coordinated it is, what the conditions of the site are like, and how amenable the client institution is to such a way of working and thinking.

5.2 Policies and regulations

With rare exceptions, policies in the region do not reflect its vulnerability, nor do they contemplate measures to mitigate it.  Zoning and construction codes in general remain inadequate or are not applied strictly enough in most of the areas exposed to natural hazards.  Policies regarding infrastructure, meanwhile, assign few resources to basic maintenance, contributing to overall vulnerability.

The main obstacle to building codes being effective as a tool for disaster mitigation is their actual application.  Some countries in the region, it is true, do not have their own regulations, but rather adaptations of European or U.S. standards that do not match local conditions.  Others, such as Colombia, Costa Rica, Mexico and several Caribbean countries, have developed outstanding codes which are, however, not always enforced, either because they are not compulsory from a legal standpoint or because oversight is lax.  Other measures, such as land-use restrictions in hazardous areas, similarly depend not only on whether the laws have “teeth” but on the institutional capacity to monitor their application.

When it comes to hospitals and other essential facilities, experience shows that the most likely impact of a disaster is not structural, but functional, collapse.  The solution to this problem lies in effective preventive maintenance programs.  Maintenance, as a planned activity, not only holds back the decay of the facilities but can also ensure that public services such as water, gas, and electricity, and non-structural components such as detailing, roofs, openings, etc., continue to function during an emergency.  And its cost is not onerous if seen as part of the normal operational budget of a building.

5.3 Training and education 

The seismic-resistant design of a hospital is a joint responsibility that involves both the discipline of architecture and that of engineering. More specifically, it is imperative to underscore the physical relationships between architectural forms and seismic-resistant structural systems.  It would be ideal if an understanding of these relationships were part of the intellectual baggage of all professionals involved in the design of health facilities in high-risk areas. Regrettably, worldwide, educational methods and practices do not foster this way of thinking, since future architects and engineers are educated separately and often practice their skills separately as well, without a fruitful day-to-day exchange.  Some architects, intuitively or by dint of personal efforts, have an excellent sense of structure, but they are rare, and tend to acquire this knowledge in spite of their formal education and practice, not as a result of them.

It is likewise vital to promote the inclusion of disaster mitigation in all training programs related to construction, maintenance, administration, financial management and planning of health facilities, as well as of water and sanitation systems, power utilities and communication systems, among others.

5.4 Other considerations regarding costs

Concerning non-structural design, it should be noted that if protection measures are taken into account as early as the design stage, their cost will be much lower than if such measures are implemented during the construction stage or after the building has been completed.  For instance, a power-cut in a hospital as a result of severe damage to a generator costing, say, US$50,000 could be prevented if seismic isolation devices for protecting the generator and fastenings to prevent it from tipping over are installed, at a cost of approximately US$250.

Overall costs can also be affected by the construction techniques used, the availability of materials, the characteristics of the equipment to be installed and the length of the building process. In some countries, this leads to cost oversight falling under the supervision of professionals from other disciplines, such as field supervisors. The ideal situation, however, would be for the overall designer or design team to have enough experience in the fields of architecture, engineering, costs assessment and construction to ensure that the ultimate design is as efficient as possible. Several options can be explored in this regard, such as strategic alliances between national and international groups, partnerships between the public and private sector, or the inclusion of specific requirements when tendering for “turnkey” solutions.

5.5 The role of international organizations in the promotion 
and funding of mitigation strategies 

In the field of risk reduction in hospitals and other health facilities, PAHO has worked actively with the countries of the region to assess and reduce the vulnerability of such facilities to disasters and to summon the political will of their health authorities.  It has also promoted the dissemination of key information and the technical training of relevant professionals.  In the early 1990s, PAHO/WHO launched a project aimed at engineers, architects and maintenance supervisors in hospitals, as well as policymakers and decision-makers at various administrative levels.  Its chief objective was to raise their awareness concerning the need to invest in the protection, maintenance and retrofitting of existing structures, as well as to design and build new infrastructure based on specific criteria for reducing and mitigating the impact of natural hazards.  As part of this initiative, PAHO has produced a variety of training materials and launched several pilot projects; it has also supported vulnerability assessments of hospitals in Chile, St. Lucia and Venezuela.

The World Bank and the Inter-American Development Bank (IDB) both exemplify intergovernmental financial institutions that have understood the importance of funding prevention and mitigation efforts. The World Bank is the largest global provider of financial aid for disaster reconstruction, and it is taking steps to incorporate vulnerability reduction as one of the key components of its poverty reduction efforts.
 Its Disaster Management Facility (DMF), established in 1998, strives to play a proactive leadership role in disaster prevention and mitigation through training, consultancies, and the forging of productive links with the international and scientific community in order to promote disaster reduction efforts.
 One of the coalitions that emerged from one such effort is the ProVention Consortium, made up of governments, international organizations, academic institutions and representatives of the private sector and civil society; its mission is to support developing countries in reducing the risk and the social, economic and environmental impact of natural and technical disasters, particularly among the poorest sectors of the population. 

The IDB has not been idle, either. In 1999, it adopted a new policy aimed at pushing disaster prevention near the top of the development agenda by applying a more integral and preventive approach to risk reduction and recovery. The Bank’s policy also states that all of its credit operations will incorporate risk management analysis as a precondition for approving any investment funding.
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Annex I - Glossary Of Key Terms

Below, concepts of a general nature are defined to assist the reader.  Definitions of more specific concepts are included in the relevant chapters of the Guidelines for Vulnerability Reduction in the Design of New Health Facilities. 

	Natural hazard
	An event of natural origin and sufficient intensity to cause damage in a particular place at a particular time.



	As-built Report
	Set of documents concerning project managers, contractual documents, the professionals involved in regional and local risk assessments, the design of the project, construction and inspection procedures, applicable codes and standards, certificates of component safety, final plans for the structure, its components and protection systems, and certificates of compliance with project specifications.



	Structural components


	Elements that are part of the resistant system of the structure, such as columns, beams, walls, foundations, and slabs.



	Non-structural components
	Elements that are not part of the resistant system of the structure. They include architectural elements and the equipment and systems needed for operating the facility. Among the most important non-structural components: architectural elements such as façades, interior partitions, roofing structures, and appendages.  Non-structural systems and components include lifelines; industrial, medical and laboratory equipment; furnishings; electrical distribution systems; HVAC systems; and vertical transport systems



	Structural detailing
	A set of measures, based on the theoretical, empirical and experimental experience of the various participating disciplines, for protecting and improving the structural component performance. 



	Non-structural detailing 
	A set of measures, based on the theoretical, empirical and experimental experience of the various disciplines, aimed at protecting and improving the non-structural component performance.



	Tender documents
	Legal documents that stipulate the characteristics of the design or building contract or contracts (parties involved, financial amounts, deadlines, forms of payment, etc.) and the technical characteristics of the construction (general and detail plans, structural and non-structural components, standards and codes that must be followed, specialized inspection requirements, recommended and unacceptable construction methods, etc.).



	Specialized inspection 
	Activities aimed at ensuring that the requirements of the project are met in matters such as quality of the work, the use of construction processes and materials of a quality commensurate with the goals of the project, the fulfillment of the provisions established in the standards and codes referenced in the contracts, and the procurement of component safety certificates and others. 



	Quality assurance
	A set of actions aimed at ensuring that project performance objectives are met.



	Risk 
	Extent of the likely losses in the event of a natural disaster. The level of risk is intimately associated with the level of protection incorporated into the structure.



	Critical services
	Services that are life saving, involve hazardous or harmful equipment or materials, or whose failure may generate chaos and confusion among patients or the staff.



	Resistant system 
	A structural system especially designed to withstand the impact of natural phenomena. The structural system must be designed in such a way that its detailing is proportional to the performance objective chosen for the structure.



	Protection systems
	Devices and procedures aimed at providing safety to the structural and non-structural components of the building and meeting the performance objective.



	Vulnerability
	The likelihood of a facility that enjoys a particular level of protection suffering material damage or being affected in its operations when exposed to a natural hazard.




Annex II – Effects of disasters on the earth surface and infrastructure

	Type of disaster
	Effects on the earth surface
	Effects on infrastructure

	Earthquakes 
	Tremors and cracks
Landslides
Liquefaction
Underground settling and rockfalls
Avalanches and mudslides
Changes in underground water courses
	Damage to constructions (productive, e.g. factories; public; social; housing, and cultural heritage
Diverse damage in roads, bridges, dikes and channels
Broken ducts: pipes, posts and wires
Burial and undermining of dams, silting of rivers causing local floods
Sinking of structures and buildings 
Deterioration of underground constructions
Destruction and damage to urban infrastructure (networks, streets, equipment and furniture)

	Hurricanes, typhoons and cyclones
	Strong winds, both steady and gusts
Floods (due to rain and swollen and burst rivers)
	Damage to buildings 
Impact-damaged, broken and fallen distribution lines, especially overhead
Damage to bridges and roads due to landslides, avalanches and torrential mudslides

	Drought
	Drying and cracking of the earth and loss of plant layer
Exposure to wind erosion
Desertification
	Does not cause major losses

	Floods
	Erosion
Waterlogging and destabilization of soils, landslides
Sedimentation
	Loosening of foundations and piles of buildings 
Burial and slippage of constructions and infrastructure works
Blockage and silting of channels and drains

	Seaquakes or tsunamis
	Floods
Salinization and sedimentation in coastal strips
Contaminate water and water table
	Destroy or damage buildings, bridges, roads, irrigation and drainage systems

	Volcanic eruptions
	Fires, loss of plant cover
Depositing of incandescent material and lava
Depositing of ash
Deterioration of soils due to settling of airborne chemicals
Landslides, avalanches and torrential mudslides
Liquefaction
Meltwaters and avalanches
	Destroys buildings and all types of infrastructure 
Collapsed roofs due to ash deposits
Burial of buildings 
Fires
Affects channels, bridges and overhead and underground conduction and transmission lines

	Source:  Adapted from Frederick C. Cuny (1983), Disasters and prevention, Oxford University Press, New York.
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