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Abstrack
Weather-induced hazards are one potential reason for such decline. While the new coastal megacities can command large resources and significant political influence, they are also concentrating increasing populations in potentially hazardous locations, particularly in the new emerging megacities in the developing world. Thus, the development of these cities requires successful mitigation of these hazards. System resilience is seen as a desirable property in the face of a range of potential stresses, including weatherinduced hazards and disaster reduction. Most of the near-coastal zone is sparsely inhabited, with the human population being concentrated in a few specific areas of the world’s coast. These areas correspond mainly to near-coastal plains in Europe and parts of Asia, and to a lesser extent to densely populated urban areas. Urban populations tend to have higher consumption levels than their rural counterparts, as well as different consumption patterns. The increasing demand for food requires increasing productivity in fisheries and agriculture. However, this is often impeded by the loss of agricultural land to urban expansion and the reduction of fisheries potential because of habitat loss and pollution of rivers and coastal waters from urban and industrial waste. It should be noted that the aforementioned weather related hazards are usually directly modified by other human activities in and around urban areas, including changing sediment supply due to changing land use, land claim of intertidal areas and deepening of channels for navigation, enhanced subsidence due to groundwater withdrawal. Over time, technology is increasing the options that are available for hazard reduction, particularly those strategies that reduce losses Given the large populations and economic values in cities, there is usually a bias toward loss reduction, and it can be argued that large coastal cities would not have evolved without the availability of these hazard reduction strategies.
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1. Introduction

The 20th century has been characterized by a fundamental change to humanity: we have moved from being a predominantly rural to a predominantly urban species (UN/DESA 2001; UNEP 2002). Further, nearly all future population growth is expected to occur in urban areas as this process of urbanization continues through the 21st century.  Part of this process has been the emergence of large cities,which are often termed megacities, defined as cities with a population exceeding 8 million inhabitants. Most of these megacities are found in coastal locations (Nicholls 1995).
Weather-induced hazards are one potential reason for such decline. While the new coastal megacities can command large resources and significant political influence, they are also concentrating increasing populations in potentially hazardous locations, particularly in the new emerging megacities in the developing world. Thus, the development of these cities requires successful mitigation of these hazards. System resilience is seen as a desirable property in the face of a range of potential stresses, including weatherinduced hazards and disaster reduction (UN/ISDR 2002a). coastal ecosystems are highly resilient because of the diversity of their functions and the linkages between these functions ,Costanza and others (1995). Coastal economies are more diverse and have multiple niches and that they are inherently more resilient because of the resilience of the ecosystems on which they depend (Adger 1997).
This analysis focuses on the hazards that are specific to coastal locations, with particular emphasis on megacity and other large city locations. It also includes an analysis of sea-level rise and climate change, as these are beginning to modify weather-induced hazards in coastal areas, and they are encouraging new thinking on hazard-mitigation strategies.

2. Coastal Zones and Megacities


Although there is a long history of human settlement in coastal zones, until the 20th century, the level of disturbance to natural processes did not appear to be critical. During the 20th century, coastal populations grew rapidly around the globe because of the many economic opportunities and  environmental amenities that coastal zones provide (Turner and others 1996). Nicholls and Small (2002) also showed that most of the near-coastal zone is sparsely inhabited, with the human population being concentrated in a few specific areas of the world’s coast. These areas correspond mainly to near-coastal plains in Europe and parts of Asia, and to a lesser extent to densely populated urban areas. Hence, there are wide variations in coastal populations among nations. In many small island nations, all land suitable for human habitation is coastal and also in some large countries, most or all major urban centers are located near the coast (e.g., Australia). In other countries, such as Mexico, Colombia, Russia, and Iran, many larger cities are found further inland, in spite of the countries’ long coastlines. 
Urban populations tend to have higher consumption levels than their rural counterparts, as well as different consumption patterns. The increasing demand for food requires increasing productivity in fisheries and agriculture. However, this is often impeded by the loss of agricultural land to urban expansion and the reduction of fisheries potential because of habitat loss and pollution of rivers and coastal waters from urban and industrial waste. In addition, the large populations in many coastal areas around the world are, to a greater or lesser extent, vulnerable to hazardous events associated with natural coastal dynamics such as storm surges, floods, and tsunamis. Human-induced climate change and sealevel rise will further increase this vulnerability.
3. Weather-Related Hazards in Coastal Zones
Coastal zones and any cities so located are threatened by a wide variety of weather-related hazards, and human activities often modify these hazards. Some of these hazards, such as drought, river floods, and poor air quality enhanced by stagnant air masses and inversion, can affect the entire terrestrial landscape. Other weatherrelated hazards are more specific to coastal locations and are emphasized here. These hazards are often related and include:  Erosion, Storm and wind damage, Flooding,Salinization of surface waters. Long-term erosion, which is occurring widely around the world’s coasts, can cause land loss and will often degrade beach resources that are used for tourism (Bird 1985). The resulting changes in coastal configuration also change the risk of flooding and storm damage. Erosion has been an issue in most coastal cities on the open coast. Flooding of low-lying coastal areas can occur for a range of sometimes interacting reasons, including storm surges induced by tropical and extra-tropical storm systems, high river flows, and, generally less importantly, intense local precipitation in areas with poor drainage.

Hurricanes, tropical cyclones, and typhoons (which are different names for the same meteorological phenomena) have produced some of the most dramatic coastal floods over the last few years. These include the cyclones of April 1991 in coastal Bangladesh (139,000 fatalities) or October 1999 in Orissa, India (10,000 people killed and 15 million people made homeless) (UNEP 2002). These coastal storm events comprise more than storm-surge flooding, as they are associated with intense precipitation and strong winds. Hurricane Mitch, for example, caused great damage on the coasts of Honduras and Nicaragua in 1998, but most of the 17,000 fatalities occurred inland of the coastal zone due to flash river floods and landslides. Winds rather than surges were the major cause of property damage during the landfall of Hurricane Andrew near Miami, Florida in 1992. These examples emphasize the need to consider all weather-related hazards and their interrelationships. Variations in river flow and sea level also lead to movement of the saltwater interface in surface waters. In the strongly seasonal rivers of South, Southeast, and East Asia, saltwater penetrates far upstream in the dry season with even greater penetration during droughts. In cities where the river is the main water supply, salinization can endanger water supplies.

It should be noted that the aforementioned weather related hazards are usually directly modified by other human activities in and around urban areas, including:

• Changing sediment supply due to changing land use, hydrological modification or coastal protection and the consequent influence on erosion and deposition (e.g., rapid land loss in the Mississippi delta is increasing the flood risk in New Orleans; Boesch and others 1994);

• Land claim of intertidal areas and deepening of channels for navigation, which often increase extreme water levels and hence flood risk (e.g., London; Kelly1991); and

• Enhanced subsidence due to groundwater withdrawal, which has reduced land elevation in many large coastal cities, particularly those in deltaic settings in Asia (Nicholls 1995).

In low-lying coastal areas this leads to a relative rise in sea level as the land sinks. As a result, the erosion, flood, and salinization hazards already described will all be exacerbated. In addition, rapid differential subsidence can cause damage and destruction of infrastructure such as pipelines and buildings. In the extreme, complete submergence of lowlying coastal areas could be the result of subsidence. Changing land use also exacerbates human exposure to weather-related hazards. Initial settlements are often built on the most suitable areas and as a city expands, new development has to occur on more hazardous ground. Good examples are the expansion of Alexandria, Egypt and Dhaka, Bangladesh onto low-lying flood-prone areas. Dakar, Senegal evolved on the relatively high and nonerosive land on the Cap Vert peninsula but recent growth has taken place on lower-lying land. Erosion is now becoming an issue and this newly developed land may be flood-prone (Dennis and others 1995). Often the poorest people in cities are found in unauthorized shantytown areas (UN/ISDR 2002b), including Bombay, Lima, Calcutta, Manila, Karachi, Lagos, Bangkok, Jakarta, and Rio de Janeiro (Devine 1992). These shantytowns tend to be built in the least desirable or secure areas, which are often also those areas most exposed to weatherrelated hazards. For example, in Recife, Brazil the illegal shantytown areas (or favelas) are expanding in mangrove areas, which are by definition at or below normal high water (Muehe and Neves 1995). 

Coastal environments that are especially at risk include deltaic and low-lying coastal plains, sandy beaches and barrier islands, coastal wetlands, estuaries and lagoons, and coral reefs and atolls (Bijlsma and others 1996); cities in these locations are similarly threatened. The common association of megacities with deltas in Asia suggests that these cities are particularly threatened. Regional and global analyses suggest that, for the regions containing coastal megacities, increased coastal flooding will be most severe in South and Southeast Asia, Africa, the southern Mediterranean coasts, and to a lesser extent, East Asia (Nicholls 2000).
4. Hazard Reduction Strategies

Table 1. lists the most important socioeconomic sectors in coastal zones and indicates from which of the aforementioned weather-related hazards they are expected to suffer direct impacts. Indirect impacts, for example, impacts on human health resulting from deteriorating water quality, are also likely to be important to many sectors but these are not shown in table 1.

There is a wide range of different strategies for dealing with the weather-induced hazards faced by coastal cities as defined in table 2. These can be applied from the level of the individual up to the entire city. Given the focus of the paper on the resilience of coastal megacities, the focus here is on the city-scale response. In table 2, choosing change means accepting the hazard and changing land use, or even the relocation of exposed populations. Reducing losses includes trying to reduce the occurrence of the hazardous event, or, more commonly, reducing the impacts of a hazardous event when it occurs. Accepting losses includes bearing the loss, possibly by exploiting reserves, or sharing the loss through mechanisms such as insurance. Hence the ability to recover from the disaster is of most importance if losses are accepted. Note that these strategies are not mutually exclusive, and hazard reduction within any coastal city might include elements of all three approaches.

 Over time, technology is increasing the options that are available for hazard reduction, particularly those strategies that reduce losses (Klein and others 2000). Given the large populations and economic values in cities, there is usually a bias toward loss reduction, and it can be argued that large coastal cities would not have evolved without the availability of these hazard reduction strategies. These might include warning systems, defense works, and resistant infrastructure. This approach is most developed in coastal cities around the North Sea, Europe, and in Japan, where flooding claimed many lives up to the middle of the 20th century.
Table 1. Qualitative overview of direct socio economic impacts of weather-related

hazards and climate change on a number of sectors in coastal zones

	Socioeconomic sector
	Erosion
	Storm

and wind

damage
	Flooding
	Salinization

	Water resources
	-
	-
	y
	y

	Agriculture
	-
	y
	y
	y

	Human health
	-
	y
	y
	-

	Fisheries
	y
	y
	y
	y

	Tourism
	y
	y
	y
	-

	Human settlements
	y
	y
	y
	y


Y: yes, —: no.

Source: adapted from Klein and Nicholls 1999.

Table 2.  Generic approaches to hazard reduction  based on purposeful   adjustment
	Purposeful adjustment
	Option

	Choose change
	Change location

	
	Change use

	Reduce losses
	Prevent effects

	
	Modify event

	Accept losses
	Share loss

	
	Bear loss


Source: Burton and others 1993.
In general, proactive adaptation is aimed at reducing a system’s vulnerability by either minimizing risk

or maximizing adaptive capacity. Five generic objectives of anticipatory adaptation can be identified (Klein and Tol 1997; Klein 2002 forthcoming):
• Increasing robustness of infrastructural designs and long-term investments

for example, by extending the range of temperature or precipitation a system can withstand without failure and/or changing asystem’s tolerance of loss or failure (e.g., by increasing economic reserves or insurance).

• Increasing flexibility of vulnerable managed Systems

for example, by allowing mid-term adjustments (including change of activities or location) and/or reducing economic lifetimes (including increasing depreciation).

• Enhancing adaptability of vulnerable natural systems—

for example, by reducing other (nonclimatic) stresses and/or removing barriers to migration (such as establishing eco-corridors).
•Reversing trends that increase vulnerability (“maladaptation”)

for example, by introducing setbacks for new development or relocation of existing development in vulnerable areas such as floodplains and coastal zones.

• Improving societal awareness and preparedness
for example, by informing the public of the risks and possible consequences of climate change and/or setting up early-warning systems.

Each of these five objectives of adaptation is relevant for hazard reduction in coastal megacities. However, for coastal zones, another classification of adaptation options is often used. The basis of many coastal adaptation analyses, distinguishes between the following three basic hazard management strategies:

• Protect—to reduce the risk of coastal hazards by decreasing their probability of occurrence;

• Retreat—to reduce the risk of coastal hazards by limiting their potential effects; and

• Accommodate—to increase society’s ability to cope with the effects of coastal hazards. 

Klein and others (2001) discuss these three strategies in detail and provide examples of technologies for implementing each of them. While the main hazard considered is sea-level rise, their approach is relevant to all weather-related hazards in coastal areas. The three coastal adaptation strategies roughly coincide with the first three of the five proactive adaptation objectives listed above. Protecting coastal zones against sea-level rise and other climatic changes would involve increasing the robustness of infrastructural designs, and long-term investments such as seawalls and other coastal infrastructure. Efficient management of beach and coastal sediments is also an important strategy to maintain and enhance soft defenses in many coastal cities, which can also sustain recreational and other functions (although this could also been seen as enhancing adaptability).

Historically coastal ecosystems in urban areas have suffered encroachment and destruction, but in the future, proactive adaptation could allow other development pathways to occur. A strategy to accommodate sea-level rise could include increasing the flexibility or coping capacity of managed systems. Examples include raising buildings above flood levels to minimize flood damage, as is already practiced in the United States, and/or sharing losses via insurance mechanisms. While protection has historically dominated the response to hazards in urban areas, proactive adaptation will present opportunities to retreat or accommodate in some urban settings.

5. Resilience Conceptualized
The Oxford English Dictionary defines resilience as: (1) the act of rebounding or springing back; and (2) elasticity. The origin of the word is in Latin, where resilire means “to jump back.” In a purely mechanical sense, the resilience of a material is the quality of being able to store strain energy and deflect elastically under a load without breaking or being deformed (Gordon 1978). However, since the 1970s, the concept has also been used in a more metaphorical sense to describe systems that undergo stress and have the ability to recover. Holling (1973) coined the term resilience for ecosystems as a measure of the ability of these systems to absorb changes and still persist. As such, it determines the persistence of relationships within an ecosystem. This is contrasted with stability, which is defined by Holling (1973) as the ability of a system to return to a state of equilibrium after a temporary disturbance. Thus, a very stable system would not fluctuate greatly but return to normal quickly, while a highly resilient system may be quite unstable, in that it may undergo significant fluctuation (Handmer and Dovers 1996).

Later definitions of resilience focus on the functioning of systems, including their self-organizing capacity. Resilience interpreted in this manner is desirable in megacities. While it does not help to prevent disasters or reduce their immediate impact, once a disaster happens, it facilitates and contributes to the process of recovery. A resilient megacity thus would be less likely to experience a severe lasting impact from a disaster. Recently, resilience has also been interpreted as including the degree to which a system can build and increase the capacity for learning and adaptation (Carpenter and others 2001). The capacity for learning and adaptation is clearly a desirable attribute, although few would associate intuitively the ability to increase this capacity with resilience. This interpretation of resilience relates to adaptive management and adaptive capacity: two concepts with their own literature and interpretations, but perhaps more operational for policy and management.
The use of the concept of adaptive capacity by the natural hazard community would not only foster muchneeded communication between that community and the climate community. More importantly, it would provide hazard managers with a tool that is similar to resilience in its relationship to vulnerability, but offers greater potential in application, especially when attempting to move away from disaster recovery to disaster prevention and preparedness.

6. Conclusions

While resilience is widely seen as a desirable property of natural and social systems, including coastal megacities, the term has been used in a number of different ways. Some authors have used it to define specific system attributes, while others have used it to characterize the entire system as an umbrella concept. This leads to considerable confusion. Without an explicit operational definition, resilience only has the broadest meaning and remains a concept rather than a policy or management tool. At the same time, work on adaptation to climate change has developed and is now operationalizing the concept of adaptthe definition of resilience is best used to define specific system attributes, particularly:  The amount of disturbance a system can absorb and still remain within the same state or domain of attraction; and The degree to which the system is capable of selforganizationive capacity, which is defined as the ability to plan, prepare for, and implement adaptation options. 

These specific attributes are more amenable to measurement and monitoring, although questions about the relationship between natural system and social system resilience remain to be fully explored. In this conceptual framework, resilience is one property that contributes to the overall adaptive capacity of the system in question.
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