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TOWARDS AN APPROACH BASED ON RESILIENCE

FOR ASSESSING THE POTENTIAL IMPACTS OF SEA LEVEL RISE

INTRODUCTION.

The notion that sea level could rise as a consequence

of the greenhouse effect is not new; it can be traced back

to the end of the last century. However, it has been only

in the last fifteen years that its potential effects have

been under close scrutiny.

A number of factors have contributed to the increasing

interest in sea level rise:

- The increased awareness of the buildup of greenhouse

gases, and the wide diffusion of the topic made in the

mass media.

- The connection made by some scientists between

increased beach erosion, wetlands loss and sea level

rise (Brunn 1962; Pilkey et al. 1981; Bird 1976).

- The strong pressure for development of sensitive

coastal areas (e.g. sand barriers, reclaimed land), and

the potential hazard that sea level rise portrays for

this development and for coastal structures in general.

- The dramatic early estimations of potential sea level

rise, which included predictions of more than 2 meters
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rise for the year 2075, above 1980 values. (Hoffman et

al. 1983).

As a consequence of this increasing interest, two main

lines of research have evolved during the 1980's. On one

hand, a number of researchers have focused on refining the

techniques to predict future SLR (Bartnett 1984, Oerlemanns

1989), on the other hand much research have been conducted

to understand the potential effects of sea level rise on

coastal areas, and to provide managers with suitable tools

for dealing with this problem (Titus 1990; Delft Hydraulics

1991; Bardach 1989).

Work conducted to date has helped in generating an

increased awareness of the problem. This is a necessary

first step towards incorporating sea level rise into

strategic coastal management plans. But increase in

awareness does not necessarily mean there is a better

understanding of the problem, and it is not, by itself, a

reassurance that the problem is being adequately dealt with.

Indeed there has been a distortion on public and managers'

perception induced by the extreme predictions in the early

eighties and by later papers in which these predictions are

still taken into consideration (e.g. Titus 1989).

Two main problems can be identified in sea level rise

assessment. The first and most obvious is related to the

difficulties of addressing the problem in the face of the

numerous uncertainties regarding global change. The second,
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and less recognized is related to the poverty of concepts

regarding vulnerability to sea level rise. These problems

have resulted in an inadequate treatment of the issue of sea

level rise.

In this paper, I will analyze the nature of these

problems and examine how recent approaches to SLRA have

dealt with them. In addition, a framework for assessing the

potential impacts of sea level rise is proposed, drawing

upon the ecological concept of resilience (Holling 1978,

1984).



AIMS AND METHODOLOGY OF SLR ASSESSMENTS CONDUCTED TO DATE.

The main objective of research on SLR has been to help

decision makers understand the potential effects of sea

level rise, in order to incorporate this issue in coastal

planning. In Titus words', this will depend on "an adequate

understanding of the basic processes involved and on how

well scientists convey to decision makers and the general

public what they learn" (Titus, 1989).

Predominance of a technological view.

Titus' statement reflects the approach to SLRA that has

been used up to now. An "adequate understanding of the

basic processes" has been taken as a need for focusing on

the physical aspects of four main potential consequences:

beach erosion, wetlands loss, increased exposure to storm

hazards and flooding, as well as salt water intrusion. The

focus on physical aspects has, in general, overlooked the

social components contributing to vulnerability and has

disregarded the abundant literature and concepts arising

from natural hazards theory. As with other research topics

dealing with hazards events, this focus on physical

processes is part of a bureaucratic ethos which channels

scientists into analytical approaches which reflect the

position taken by the organizations sponsoring research

4
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(Hewitt 1983; Bella 1990). In Hewitt's view, most research

and financial expenditures fall into three areas:

1) Monitoring and scientifically understanding

geophysical process with the goal of prediction;

2) planning and managerial activities to contain

natural process where possible or re-arrange human

activities where not; and

3) emergency measures and quasi-military organizations

for relief and rehabilitation.

"The main areas of expertise are those of the physical

sciences and engineering, with the social sciences studying

crisis behavior, or the places or groups living in disaster-

prone areas, and increasingly confining themselves to the

resource motifs outlined above - how people appraise risks,

respond to forecasts, cope with emergencies- thus

reinforcing the geophysicalist and technological

reductionism of the dominant view" (Hewitt 1983).

Disregard for policy setting mechanisms.

Regarding "how well scientists convey to decision

makers and the general public", it is rather surprising that

little analysis has been done on the mechanism of policy

setting in the context of sea level rise, and on the role

and the needs of management. As stated above, most works on

SLRA aim to provide managers with adequate tools for sound

planning. However, the point that planning for coastal
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areas occurs only after a policy has been articulated has

usually been overlooked. In general, managers' efforts are

directed to deal with situations that are considered as

problems, or as problematic for the implementation of that

policy. Policy makers learn about these situations through

indicators, focusing events and feedback; actions are taken

only when these situations are defined as real problems

(Kingdom 1984). Research on SLR has, up to now, pointed to

potential conditions. But as long as policy makers and the

public don't perceive these conditions as actual "problems"

that have to be dealt with, the possibilities of moving them

up on the political agendas diminish. (Kingdom 1984).

A second concern should deal with the ways in which the

policy is implemented. Assessments have been driven by the

aim to propose more or less universal solutions to the

potential problems of SLR. In their search for solutions

researchers have disregarded the process of policy setting.

Little effort has been devoted to:

- Analyzing how these solutions might be implemented.

- Defining the characteristics of the institutional

structures necessary to promote the response.

- Determining whether the viability of the proposed

solutions is dependent upon the socio-political context

in which they will be implemented.

- Identifying the relevant actors that will help push

the policy forward.
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Indeed, it has been a prevalent idea that decision

makers and the public should be "educated". It is assumed

that once the actors possess all the information they need,

they will be able to make "rational decisions". No need to

say: the information will be provided by the experts who, at

the same time, will point to the most efficient solutions to

the problems. This idea is based on an idealized concept of

the policy making process. (Fig 1). Rees (1985) talking

about the non-rational policy process, has noted that "while

few would claim that actual decision making conforms to this

theoretically optimal model, there is a strong body of

opinion that suggests .. [that] it ought to do so".

An enumeration of cases where sea level rise has been

put high in policy agendas, shows that sea level rise has

only been considered seriously in those countries or areas

of the world where established coastal management programs

exist. Most of these countries are exporting their

technology to countries where no such coastal programs

exist, and where the necessary institutions for implementing

these solutions are lacking. Therefore, it is pertinent to

ask whether that type of research is relevant for countries

without a coastal management program. Does research help

clarify the problems that (within a given socio-economic

context and considering the impetus and constraints for

actions) arise from SLR under different socio-economic and

ecological contexts?
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UNCERTAINTIES IN SEA LEVEL RISE ASSESSMENT.

Origin of uncertainty.

Sea level rise assessment is primarily characterized by

uncertainty. It is generally argued that this uncertainty

could be reduced if more adequate data were available and if

computer models for long term climatic projections were more

sophisticated. Uncertainty regarding SLRA is related also

to:

- Evolution of variables determining global warming.

- Effect of global warming on factors determining

coastal processes.

-Importance of potential impact in view of future

coastal demands.

-Time spans.

Although part of this uncertainty is related to the

lack of adequate data and sophisticated resources for

forecasting, it shall be argued here that much of the

uncertainty we currently face is related to the inadequacy

of present conceptual models of natural processes. In this

sense, uncertainty is of epistemological and ontological

nature.

Uncertainty regarding future concentrations of greenhouse

gases.
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Our capacity to predict the extent of the greenhouse

effect is limited by two main factors:

- Uncertainty regarding the future evolution of some

key physical and socio-economic variables.

- Incomplete understanding of the processes that

regulate the interaction between the ocean, the

atmosphere, the cryosphere and the biosphere (OACB

system).

Most scientists agree that SLR is ultimately dependent

upon the extent of the greenhouse effect, and that its

evolution will be a function of atmospheric concentrations

of CO2 and other gases (methane, CFC's, lower atmosphere

ozone). If as is usually assumed, the functioning of the

OACB system responds to deterministic rules, then the

ability to predict the extent of SLR through the use of the

deterministic models presently used is going to be dependent

upon the predictability of greenhouse gases concentrations.

The extensive body of research focussing on future

concentrations of CO 2 , methane, CFC's, etc., evidences the

importance assigned to those variables by the research

community. The prediction of final concentrations of

greenhouse gases proceeds in two steps: projection of future

emissions and prediction of final concentrations.

Projection of future emissions. 
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The most common method of analyzing future emissions of

greenhouse gases is to extrapolate present trends in the use

of fossil fuels and deforestation. Inevitably, such

extrapolations assume that all the variables (political,

economic and technical) which have affected past uses and

production rates will continue to operate as they do at

present (Graedel and Crutzen 1989; Schneider 1989).

For projecting future emissions of CO2 , for example, we

should rely on extrapolation of present trends; thus, our

capacity to predict is conditioned by our present knowledge

and comparison with our present use of fossil fuels.

Because prices, technology and social valuation of

environmental assets, are going through a period of profound

change, the precision of estimates for fossil fuel emissions

will vary greatly depending on the period of time over which

such projections are made. The task of predicting

concentrations of other greenhouse gases is even more

complex. For example, our knowledge of the sources of

methane is not well developed as yet (Schneider 1989). The

emission of CFC's is dependent upon political negotiations

presently under way, whose outcome is difficult to predict

due the numerous economic and power interests at stake

(Douthwaite 1992). It is also impossible to predict whether

some technological breakthrough would allow for a total

substitution of CFC's in the near future. Methane, CFC's,

nitrous oxide and other gases may contribute as much to
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global warming as does CO2 , due to their higher capacity to

absorb infrared radiations (Schneider 1989). Thus,

uncertainty regarding future emissions of these gases is a

critical factor limiting our knowledge of the future

greenhouse effect.

Estimation of final concentrations. 

The second step, that of estimating final concentration

of greenhouse gases, is still more complex. The final

concentrations will depend upon the existence of natural

sinks for greenhouse gases or the development of artificial

sinks. In turn, the efficiency of natural sinks will

finally depend on how the OACB system responds to changes.

For example, the increase in atmospheric temperature may

alter the distribution of ocean temperatures, and

consequently the patterns of thermohaline ocean circulation.

The main consequence of this alteration could be either an

increase or a decrease in the formation rate of deep ocean

water. At present a significant fraction of the emitted CO2

is transported to the deep ocean by the North Atlantic Deep

Water (NADW) and the Antarctic Bottom Water (AAWB). However,

a change in the AAWB and NADW formation processes may either

exacerbate or counteract the effect of increased emissions

of greenhouse gases. Such changes are not improbable. On

the one hand paleoceanographic research conducted in the

last fifteen years suggests the possibility of higher rates
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of formation of NADW, and higher nutrients contents in

productive waters, in case of increased atmospheric

temperature (Broecker et al. 1985; Fairbanks 1989; Boyle

1990). Higher primary production would mean higher

assimilation of CO2 by phyto and zooplankton, and thus, an

effective reduction of atmospheric CO2 concentrations. On

the other hand, research based on ocean general circulation

models (OGCM) (Mikolajewicz et al. 1990) suggests a

weakening in the processes of deep-water formation. If this

happens, then atmospheric CO 2 concentrations would be even

higher than expected.

Changes in the statistical properties of climatic variables.

Among the potential impacts of sea rise are accelerated

beach erosion and increased recurrence of flood events. It

is usually assumed that areas that are presently flooded

with some statistical regularity will be affected more

frequently. A higher platform from which sea waves and

storm surges would attack the coast is the main reason for

this higher recurrence of flooding. The same factor has

been identified as a cause for increased beach erosion

(Devoy pers. comm., Good pers. comm.). This line of

reasoning assumes that the median values (e.g. wind speed,

wave heights) and the frequency of these events will remain

constant. However, our present climatic models are not

sufficiently sophisticated to predict whether global warming
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would induce changes in the statistical properties of

climatic-oceanic events. Will significant wave height

(H1/3), used as design wave for most coastal structures, be

higher or lower than at present? Will tropical storms and

hurricanes hit the coast with more or less frequency than

today? Present management generally assume statistically

constancy of climatic events. Potential changes in this

regularity, expressed by new average values or a new

distribution, would induce a degree of uncertainty that

exceeds the current inherent uncertainty that characterizes

current climatic analysis, thus violating explicit and

implicit planning criteria (Riebsame 1990).

Uncertainty regarding future uses of the coast.

In predicting the impact of sea level rise we cannot

help but assume that current demands for coastal use will be

more or less invariable in the future. Coastal uses depend

upon the public's perception of the coast, and on the

perceived opportunities arising from the use of the coast.

Potential economic opportunities are the most influential

forces driving coastal uses. However, climatic changes may

radically alter the number and type of these opportunities,

rendering many present uses inviable.

The demand for beach nourishment in tourist areas is a

case in point. Pressure for maintaining tourist beaches and

coastal resorts is one of the main factors behind proposals



14

for beach nourishment and coastal armoring. Advocates of

beach nourishment schemes highlight the advantages accorded

by a wide beach as a buffer against coastal flooding. It

has to be noted, however, that the coastal demands of

tourists may change dramatically under global warming. The

increased threat of ultraviolet radiations as a consequence

of a depleted ozone layer may discourage outdoor activities,

and especially beach activities. A reduction in coastal

uses may lead to the collapse of the economic base of many

tourist resorts. Deprived of that economic base, these

resorts may be unable to sustain expensive beach nourishment

schemes, or even maintain the structure of tourism-oriented

coastal development. The strategy of relying on extensive

beaches and on their buffering effect against coastal

flooding would have to be abandoned, with the consequent

increase in susceptibility to coastal flooding.

Uncertainty regarding time spans.

Some researchers have suggested that significant

climatic changes may occur in short time spans. This

possibility is contrary to the widespread believe on gradual

climatic changes. While Boyle suggests that the time needed

for a change in NADW formation rate could be as short as 300

years or less (Boyle 1990), Ephron suggests, based on pollen

analysis, that a change from warm interglacial conditions to

tundra conditions, at the beginning of the last Ice Age,
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took less than twenty years (Ephron 1989, cited by

Douthwaite 1992). Mikolajewicz et al. (1990) using an OGCM

detected an effective cooling of the deep Atlantic in less

than 50 years. Atkinson found evidence of "abrupt warming

and cooling" derived from the study of fossil beetles in

Great Britain (Atkinson et al. 1987). The possibility of

rapid changes have been explicitly acknowledged by a number

of scientists. Jelgersma (1989) states that "the

paleoclimatic record indicates that changes in temperature

do not respond in a gradual way, but respond in sharp

jumps", while Graedel and Krutzel (1989) suggest that "the

atmosphere can be exquisitely sensitive to what seems to be

small chemical perturbations ...the manifestation of such

perturbations can arise much faster than the most astute

scientists could expect".

The analysis of most processes in natural sciences are

based on the assumption that changes in the natural systems

proceed gradually. The concept of gradualism is deeply

imbedded in present scientific paradigms, and can be traced

back to the pioneering works of Hutton in geology. His

assertion that "the present is the key of the past" guided

geologists for more than 200 years, and it is based in a

paradigm that considers the OACB system as highly

deterministic, and amenable to modelling through the use of

mathematical equations. However, if sudden climatic changes

(climatic flips) have occurred in the past then it would be
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reasonable to suspect that the ocean-climate system is not

totally deterministic and predictable. Thus, the

uncertainty regarding the future extent of sea level rise is

due not only to lack of data. We are facing the possibility

that our whole set of concepts about the nature of changes

and processes in the complex OACB system may be inadequate.

Hutton's statement that "the present is the key of the

past" has usually been extended to imply that the future can

be inferred from the present. However, it is more likely

that "the past is, in a sense, conserved in our present, but

the future is quite open" (Prigogine 1984). Indeed, if as

suggested above, changes in environmental conditions can

occur within short time spans, then many of our present

concepts would require a critical re-evaluation. And quite

probably, as Prigogine and Maruyama suggest, one of the

first concepts that would need revision, is the concept that

we can predict the future based on evidence of the past and

on our experience of the present.

IMPACT MODELS AS A WAY OF DEALING WITH UNCERTAINTY.

Researchers have recognized some of the problematic

aspects of assessing the potential impacts of sea level

rise. However, they have attributed uncertainty to the lack

of data and not to the inadequacy of conceptual models. The
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possibility of prediction has not been totally abandoned.

Instead, they have tried to bound uncertainty through the

use of impact models.

Impact models provide a framework for decomposing the

problem of impact assessment into manageable and intuitively

appealing cause-effect chains. Usually, the application of

impact models proceed on five steps, following a conceptual

approach that Maruyama (1974) classifies as "probabilistic

unidirectional causal paradigm". The implementation of

these steps presents a number of difficulties, many of which

are seldom recognized. Moreover, the methodology conceals a

number of value-laden concepts and assumptions that are

rarely made explicit. It shall be argued here that while

the use of impact models can provide some insight and

simplified understanding of natural hazards, the existence

of unstated premises and assumptions may hinder a critical

application of the models, and distort the communication and

validity of results.

Analysis of the steps followed in impact models.

First Step: Impact identification. 

The function of this first step is to focus research

efforts on the most important effects of SLR. Although it

may appear to be the most simple, and in many cases

self-evident task in SLRA, it is not without difficulties.

Three main problems can be identified:
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a) The identification of impact presupposes the

existence and knowledge of certain cause-effect

relations. Too often this knowledge is incomplete or

inadequate. (see section on SLRA uncertainties above).

b) In general, researchers are led by their

professional bias to analyze problems for which they

may have the tools, or for which they can provide a

solution.

c) The definition of "important effects" introduces a

component of subjectivity due to the necessity for

selectivity. Those effects considered trivial or

unlikely to warrant consideration are generally set

aside. The relevance of this selection will be evident

when discussing the concept of vulnerability in

following sections.

Second Step: identification of receptors. 

Due to the complex interrelationships of

socio-ecological systems and to the asynchronic character of

many processes, it is difficult to identify all the

receptors of a given impact. Some spatial and temporal

cut-off points have to be defined. Usually receptors are

classified in primary, secondary, tertiary, etc. In this

type of analysis, the effects of a given impact in a lower

order receptor becomes an impact in a secondary receptor.

(Fig 2).
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The increased erosion on a cliff, for example, may

provide sediment supply for a beach situated adjacent to or

downdrift of the cliff. The results of the assessment can

be totally different depending on whether the analysis

considers the cliff, or the beach as primary receptor.

The loss of wetlands within an estuary may eliminate

spawning sites for some species of fish. The reduction of

fish stock may affect social groups that depend on that

fish, and reduce their capacity to maintain the

infrastructure (piers, mooring sites) which is used for

fishing. Since this infrastructure may be, in turn,

affected by SLR, it would be difficult to decide whether the

piers and mooring sites are primary, secondary or tertiary

receptors of SLR impact. It could be argued that, in order

to contain the problem within manageable limits, an analyst

interested in wetland loss may be justified in stopping the

analysis at the level of fish population. However, it is

not clear whether the analyst interested in SLR impacts on

port structures should limit the analysis to waves effects

on piers, or whether the effects on wetlands should also be

included.

However, the main problem in the identification of

receptors is the assumption of lineality of effects, more

specifically, the assumption that the effects on higher

order receptors have no effect on lower order receptors.

The identification of sequential cause-effect relationships
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is based on an unidirectional-causal paradigm (Maruyama

1974). This paradigm assumes that there is a one way causal

chain of events, and that information available on the cause

can lead to prediction of the probability of a given effect.

The assumption of lineality on which this paradigm is based

has been widely criticized. It has been recognized that

biological, social and geological processes are

characterized by the existence of mutual causal loops which

make " the effect of an action to come back to itself in

such a way as to cancel itself or amplify itself" (Maruyama

1974; see also Gallopin et al. 1989, Rolling 1978; Holling

1984; Boulding 1970). Linear, unidirectional models assume

that the effects can be predicted if the cause is known. In

actuality, the final systemic response will be dependent

upon, among other factors, the functioning of these

reinforcing and counteracting feedback processes. In order

to gain a more comprehensive understanding of the final

effects, efforts should be made to identify this network of

mutual causality. It is obvious that the process of

identifying such a network would be characterized by

operational problems similar to those encountered in linear

models. For example, the problems involved in impact

identification would still hold when dealing with mutual

causality models instead of linear models. However, the

problem of ranking receptors according to a rigid causal

chain is eliminated.
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Fourth Step: Impact evaluation and quantification. 

Impact evaluation intends to measure the significance

of each identified impact. It is performed by the

introduction of some kind of judgement that would,

hopefully, provide decision makers with a scale of magnitude

to compare the relevance of different impacts. In many

cases the judgement is based on physical magnitudes (ha. of

wetlands lost, square meters of beaches eroded, etc.). In

other cases, judgement is based on scores from which indexes

are derived. In this case the analyst is forced to

introduce highly subjective and probably inconsistent

evaluation, since the final result will depend on weights

assigned to each factors. For example, if the total loss of

a given wetland is assigned a score of 10, what score should

be given to the loss of half of that wetland?

Fifth step: defining the responses. 

A common denominator in SLRA literature is the analysis

of three potential responses: protection, accommodation and

retreat. Although intuitively appealing, this is an

oversimplification of the ways society may respond. The

formulation of the potential responses is based on a number

of assumptions. Consequently, the viability of each

response will be dependent upon the degree to which these

assumptions hold in each particular case.
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A strategy of defense assumes the possibility of stable

organizations. This stability becomes an institutional

goal, where "persistence is the dominant value and

unexpected events, external or internal" are seen as threats

to the validity of the goal (Holling 1984). The success of

this strategy will depend upon the capacity to manipulate

external variables and/or the capacity to make the system

independent of the fluctuation of external variables.

(Holling 1984)

A strategy of adaptation assumes the possibility of

gradual organizational change, generally related to social

institutional growth, development and improvement. The

achievement of this strategy depends upon the capacity to

manipulate internal factors within the system, while

allowing external factors evolve without intervention.

A strategy of retreat assumes the possibility of sudden

institutional changes when certain variables reach a

critical point. Like a strategy of defense, it depends on

the capacity to manipulate internal factors. Furthermore,

an adequate perception of the "timing" for change is crucial

for a successful implementation of this strategy.

In all these strategies, the existence of an adequate

decision system is crucial to the implementation of the

response. Therefore, the simple statement of the three

possible strategies is not enough. What is needed is an

analysis of potential responses intimately linked to an
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analysis of the possibility of development of adequate

institutions, or an evaluation of how existing institutions

may cope (today and in the future) with the problem.

Recommendations to follow one strategy or another are

trifling if they do not analyze the characteristics of the

institutions that are to promote them. Examples of

proposals, made in an institutional vacuum, are common in

the SLRA literature (Schnack et al. 1992; Niang et al. 1992;

Volonte et al. 1992; but see Titus 1987). These proposals

follow an homogenistic line of thinking: it is easily

assumed that a more or less universal solutions exist, and

that the right institutions will (some would say "should")

arise in order to implement them, provided the politicians,

the managers and the public are well informed. Further

development is needed in order to identify the evolutionary

characteristics of endogenous and exogenous factors that may

constrain or facilitate each type of response. The

evolutionary characteristics of the institutions necessary

to promote these responses should also be analyzed (Bella

1990; Bolling 1984).

In general, approaches to environmental management and

assessment are based on some design parameters that are

thought to be dominant and more or less constant during the

life time of a project. For example, significant wave

height determines the elevation of piers and sea-walls; flow

discharge determine the storage capacity of reservoir dams;
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flooding frequency events determine zoning for construction

in floodplains and coastal setbacks. Once these parameters

are determined, the design of the project is oriented to

obtain maximum efficiency (e.i. maximum economic return, or

maximum yield) under that set of given conditions, or to

keep the project operational under extreme conditions.

However, in the face of the many uncertainties regarding

SLR, it would not be wise to promote one response or another

based on the criteria of optimum performance under a given

set of conditions. On the contrary, responses to be

promoted should perform acceptably under a wide range of

potential future conditions. Such an approach would

minimize the cost of project modification or adaptation

should different conditions to those predicted may occur.

This shifts the focus of management, from maximizing rates

of returns (through optimization of design), to maximizing

the opportunities for structural and behavioral adaptation

in the face of unexpected changes. Holling calls this

approach "adaptive management". Adaptive management is

oriented to maintain the system resilient, able to adapt

easily to changing environmental and institutional

conditions.

SLRA using impact models is oriented to identify those

elements within the system that, if disturbed by sea level

rise, could affect acceptable or desirable function of the

coastal system, as perceived by society. After the impacts
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have been identified, the proposed responses are oriented to

allow the impacted elements to resist the impact, aid in the

process of recovering from the wound, or permit full

functioning under a new condition. In this framework, a

vulnerable coastal system is seen as one exposed to an

external hazard that threatens the continuity of the system,

or its ability to perform as it is currently performing.

This focus in vulnerability is generated by a management

approach oriented to the maintenance of some structural or

functional characteristics of the system, even in the event

of significant environmental changes. In general, systems

thus managed become inflexible, and more vulnerable to

unexpected changes in external variables.

The concepts of vulnerability and resilience are

closely related, although they are not necessary

reciprocals. Further elaboration on these concepts follows.

VULNERABILITY.

Vulnerability has been used at a rhetorical level to

highlight concerns about potential, undesirable changes that

could be brought about by SLR. However, not much effort has

been devoted to define what is meant by vulnerability,

mainly because an implicit consensus on its meaning has been

generally assumed. This lack of critical understanding has
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made the concept so vague as to be misleading and almost

useless. An example may illustrate the confusion that is

general among researchers:

"A vulnerable coast is characterized by low

coastal relief, an erodible substrate (e.g. sand,

unconsolidated sediment), present and past

evidence of subsidence, extensive shoreline

retreat and high wave/tide energies... Among the

variables considered here, relief and vertical

land movements (particularly subsidence), are

primarily indicators of inundation risk. The

average elevation of 5' lat-long land data

points.... aggregated into 1/4 coastal cells,

provides an approximate measure of inundation,

appropriate for global scale. While the elevation

zone within 1 m faces the highest probability of

permanent inundation, the coastal strip within 5 m

of present sea level is also at high risk to above

normal tides from severe storm surges, the hazard

decreases progressively for higher average

elevations" (Gornitz et al. 1991 - my emphasis)

The paper by Gornitz et al. attempts the

"quantification of differential vulnerability" through the

elaboration of a "coastal vulnerability index". Despite the

importance of the concept of vulnerability in such an

enterprise, the paragraph transcribed above is the only one
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where a intent for defining of vulnerability can be found.

A brief analysis of the paragraph reveals the intermixed and

indistinct use of at least three different concepts:

vulnerability, risk and hazard. This is a general

characteristic in SLRA: the abundant literature arising from

the influential school of hazards theory has been neglected,

and with it the possibility of clarifying the meaning of

important key concepts. In a similar way, the

Intergovernmental Panel on Climate Change (IPCC) have

developed a common methodology for assessing vulnerability

to sea level rise. This common methodology aims to compare

the impacts of sea level rise in different countries, using

similar scenarios to quantify amount of beaches that could

be lost, economic damage, or hectares of wetlands at risk.

In this case, an index is replaced by more "objectives"

quantities, but in the end the aim is to rank national

vulnerabilities according to a fixed criteria.

In order to understand the flaws of these approaches,

it should be noted that the coastal system is just a

conceptual entity, useful for conceptual analysis, but of

rather vague degree of reality. Therefore it would not be

totally pertinent to talk about hazards impacting on the

system. Storms and waves do not act upon conceptual

entities, but on elements with a strong degree of reality,

like beaches, houses and seawalls. It is these system

elements which are vulnerable to the hazard. The impact on
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one or more element will diffuse according to the internal

structure. Thus, in order to talk about vulnerability it

would be more appropriate to analyze the relevance of each

element for the functioning of the system, and to understand

the paths and linkages through which the impact will be

transmitted. It might be possible to weight the importance

of each element in an objective way; but as it has been

shown in previous sections this task presents numerous

operational and conceptual obstacles. It is also difficult

to weight each potential impact against all the other

potential receptors and possible impacts. This casts doubt

about the utility of defining a "net vulnerability".

Furthermore, as suggested by Timmerman (1981)

"Vulnerability has only one true opposite, --

invulnerability-- which probably does not obtain

in the real world.... It is in consequence hard to

prepare a scale of degrees of vulnerability to

replace this curious lack of graded opposition,

since the slightest vulnerability, unaccounted

for, may precipitate collapse [the Achilles heel

effect]".

A given hazard may have different effects on different

elements of the system; while some elements may be affected,

others may not. It would be possible to assess the probable

adverse relation between individual hazard and particular

elements within the system (vulnerability analysis-
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Timmerman 1981). But to assess a net vulnerability for the

whole system is quite another matter. The process of

adding, or multiplying each of the individual

vulnerabilities is plagued with difficulties.

An emphasis on vulnerability promotes the development

of responses - at structural or institutional level-

designed to minimize the impact of external threats. These

responses, in turn, may increase the vulnerability of other

elements, usually in an unsuspected way. For example, the

construction of sea walls may decrease the threat of storm

hazards upon urban development, but at the same time

increases the potential for beach erosion or wetlands loss.

At the same time, the construction of a sea wall generate a

new type of vulnerability: the elements which the response

intends to protect become dependent upon the reliability of

the measure. Failure in the effectiveness of the response

may expose the lack of adequate mechanisms to cope with the

hazard.

Bolling has suggested that partial fixes may be

successful in achieving their short-term objectives, e.g.,

protecting coastal property. This success is generally

achieved by reducing the variability of a target variable

(e.g. storm flooding); but "as a consequence, features of

the physical environment, which were typically implicitly

viewed as constant, began to evolve and change to produce a

system that is structurally different." (Rolling 1984)



30

The focus on vulnerability is generated by a management

approach that emphasizes the persistence and stability of

certain variables within the system. The emphasis is put on

keeping those variables at some equilibrium level. In this

mechanistic conception of equilibrium external parameters

that may disturb the stability of the system are seen as

threats. A management approach focused on vulnerability is

oriented toward limiting the impact of the hazard, thus

making the functioning of the system independent of the

variability of those external parameters. Two main problems

arise with this type of management.

a) It neglects the fact that vulnerability arises not

only from an external threat, but it is also dependent

upon factors that are intrinsic to the system. These

factors are related to the composition of the system

and the response functions within the system (Thompson

1981).

b) While the system is made more independent of the

fluctuation of external parameters, a new, more

critical type of dependency is created: the system

becomes dependent on the reliability of the chosen

response. The independence from the fluctuation of

external parameters achieved through a given response

generates a number of new opportunities. For example:

the construction of a seawall may permit development in

areas previously seen as inappropriate. In the field
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of natural resources management it is easy to see some

examples of this:

- Increases in stock salmon in the North West US

(through hatchery enhancement of salmon spawning) led

to an increase in the fishing fleets.

- Improvements in the irrigation systems in Sahel led

to more cattle being introduced into the area.

- Regulation of rivers all over the world led to the

occupation of the fertile flooding valleys.

In all these cases, and many more all over the world,

this new opportunities generated important qualitative

changes within the system. The socio-economic conditions

changed, as a function of new opportunities. The physical

conditions changed, in response to the innovation

introduced. The institutional framework changed, with the

development of management institutions to deal with the new

conditions. The new socio-economic and institutional

environments were dependent upon the reliability of the

selected response, thus generating a new type of

vulnerability. Extensive documentation exists on how this

new vulnerability was of a more serious character than the

initial vulnerability. The consequences of drought in

Sahel, collapse of salmon populations, and devastating

flooding all over the world testify about the dangers of an

approach based on reliability.
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The examples above show us the validity of Timmerman's

statement regarding the Achilles heel effect. The arising

of new, unsuspected threats casts doubts about the

possibility --and relevance-- of assessing a net

vulnerability. By extension, these examples cast doubts

about the significance of expressions like "coastal

vulnerability".

It shall be argued here --following Timmerman-- that in

a coastal system, like in all socio-environmental systems,

"various vulnerabilities exist". An assessment of

vulnerability should seek to identify those vulnerabilities.

Four main types of vulnerabilities shall be proposed here:

Types of vulnerabilities.

Vulnerability as a consequence of the "environmental 

predicament". 

Among the different causes for vulnerability, one of

them is of great concern, as expressed by various authors

(Bella and Overton 1972; Pearce 1983; Lukasiewicz 1972) and

it is the vulnerability that arises from the gap between

man's capacity to produce environmental change and his

capacity to understand, predict and control the consequences

of these changes. This gap is the consequence of applying

similar heuristic principles, deeply rooted into the

positivistic-mechanistic tradition, to the analysis of two

different types of systems. While mechanistic tools are of
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clear utility when applied to the development of

technological means, they are of limited success when

applied to the understanding of complex, highly coupled,

non-mechanistic systems, like society and ecological

systems. Thus, our ability to develop technology that, in

turn, is used to change the environment (purposively or

not), is greater than our ability to understand how these

changes affect the environment. (Fig. 3). Bella and

Overton referred to this increasing gap as "the

environmental predicament". They explain that "this

predicament rests not on man's lack of interest in his

environment (though this is a contributing factor) but on

his relative inability to understand complex organized

systems, i.e., the environmental predicament rests

ultimately in man's capacity rather than on his will".

(Bella and Overton 1972).

Vulnerability as a consequence of unpredictability. 

Current approaches to management of natural resources

are heavily dependent upon predictability of the system.

However, as suggested by the environmental predicament, man

is increasingly unable to predict how the environment is

going to change because of his actions. Moreover, in view

of the almost certain global change it is increasingly

difficult to anticipate what the future social and

environmental conditions will be. Thus, a strategy that
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depends on predictability is at risk, and is prone to more

frequent failures.

Vulnerability as a consequence of homogenization. 

Human actions upon the environment are in general

guided by homogenistic approaches. The same type of

technology is favored; similar types of development occur,

similar patterns of resource use are exercised, systems are

simplified in order to meet similar demands. These trends

lead to an homogenization of both the social and physical

landscapes. A gradual loss of diversity and complexity is

evident along the developed coasts of the world. By

simplifying and eliminating those elements that are not

deemed of utility within our present economic and

ideological frameworks, the system may be loosing

homeostatic capacity, thus becoming more dependent on human

actions to provide for regulation. At a social level,

homogenization reduces the potential for experiences that

can be derived from a diverse environment or from exposure

to different types of developments. From an environmental

perspective there is a movement towards states of difficult

reversibility. Systems have evolved toward states of

equilibrium based on resilience and diversity (Bella and

Klingeman 1973). Present trends in resource use are

changing this state towards an increased dependency on

reliability. A social strategy of reliability is replacing
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the natural strategy of resilience. A management approach

that overlooks the loss of variability and resilience is

prone to commit more mistakes that will be paid for in the

future.

Vulnerability as a consequence of lack of capacity to 

sustain changes. 

Most SLR assessments assume that, at worst, society

will, in the future, have technological and economic means

equal to ours, in order to sustain the regulatory artifacts

that are being implanted in the environment. At best, that

thanks to some technological breakthroughs, society will

exceed its present technological and economic capacity.

These optimistic assumptions are difficult to criticize,

since the historical dynamic to the present has been one of

increased development and "improvement". It shall be argued

here that these assumptions follow the line of homogenistic

thinking mentioned above. These assumptions overlook the

point that development of technology and of the

institutional arrangements for applying it are dependent

upon certain necessary social and economic conditions;

should these conditions deteriorate, the ability to apply

technology would be seriously impaired. The possibility of

deterioration of these conditions may not seem so obvious

(or they may not seem so dramatic) in developed nations,

where most theoretical works on environmental assessment is
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conducted. However, it cannot be ruled out in less

developed countries, nor indeed for many peripheral regions

within the developed areas of the world. In fact, the

evolution of global economics in the last two decades, the

continuous transfer of wealth from peripheral economies to

central economies, and the increased marginalization of vast

sectors of population, both in central and peripheral

nations, should alert us about the possibility of worsening

of the economic conditions. Under deteriorated economic

conditions, the cost of implementing technology and

maintaining the regulatory artifacts that are being

implanted in the environment, would be a heavy burden for

future generations. The burden would be exacerbated, since

the alternative to resort back to an adaptive strategy may

no longer be viable.

RESILIENCE.

In the coastal system, as in many other

socio-ecological systems, a number of homeostatic mechanisms

permit compensation or counteraction of the changes of some

critical internal or external variables. In general,

homeostatic mechanisms permit maintenance of structure by

changing the behavior of some systemic components (Gallopin

et al. 1989)
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Classic approaches to natural resources management have

been based on the idea of systems returning to certain

equilibrium points, cycles, or trajectories. The use of the

logistic curve in fisheries management, and the

determination of optimum levels of pollution are examples of

these approaches. Within this framework, the stability of

the system is a measure of the capacity of the system to

return to some points, cycles or trajectories after being

displaced from them. Management approaches based on this

concept of stability and equilibrium have been focused on

limiting the variability of a reduced number of external or

internal factors considered critical for the maintenance of

some desirable social behaviors and the satisfaction of

socially perceived needs. However, this reduction in

variability leads the system to a new, more fragile state

where homeostatic mechanisms are inhibited. Thus the system

becomes dependent on error free management to provide for

regulation. It has already been noted how this dependence

on "error free management" leads to a new type of

vulnerability. Holling has given empirical evidence of the

consequence of this management approach (Holling 1978).

As an alternative to the idea of equilibrium points or

trajectories (static or dynamic equilibrium) Holling and

Prigogine have suggested that a number of systems may be

multistable, i.e. they are able to maintain their structure

under different functioning conditions, as long as the
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structure or their behavior remains within certain "domains

of stability". The system is resilient as long as it is

able to reside within these domains.

Resilience is understood as "the possibility of

qualitative changes in the behavior of multistable systems

from one basic mode of operation to another, due to external

or internal fluctuations which do not trigger structural

reorganizations" (Gallopin 1989). Holling has pointed out

that these attraction domains need not be fixed. On the

contrary, they may fluctuate both in size and shape, due to

changes in processes linking variables that are internal to

the system. He has suggested that the new qualitative state

to which the system is driven is the consequence of changes

in some key variables, usually showing different response

time. He classifies these as fast, intermediate and slow

variables. Primary relevance is given by Holling to the

evolution of slow variables, since their change may usually

produce variations on the size and shape of the stability

domains. He has pointed out that these slow variables are

elements of the system that are usually considered as

constant. The asynchronic mode of change of these variables

may hinder a correct perception of the relationship between

those changes, with changes in slow variables remaining

unnoticed until a critical, difficult-to-reverse situation

is reached. At this stage, changes can proceed quickly, due

to jumps from one stability domain to another; these changes
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can be expressed as new qualitative behavior or even as

chaotic behavior, and they occur even in the absence of

structural change in the system (Gallopin 1989)

Thus, a system's persistence depends on the system's

capacity to remain within certain stability boundaries. The

values of the parameters that define the system are

maintained through a combination of behavioral, competitive,

and genetic processes. This conjunction defines the range,

size and shape of the stability domains. The resilience of

the system is determined by variability, spatial

heterogeneity, and diversity. (Gallopin 1989)

The distinction between resilience and stability, and

that between stability of structure and stability of

behavior highlight the paradox that current resource

management practices should confront. It is usually assumed

that, in order to maintain the current trends in resource

use, management should maintain constant or stable certain

structural variables within the system. It is assumed that

this stability is needed to avoid, or resolve a resource

crisis. Resource crisis, in this context, is generally

perceived as a loss of material provisions (Warren 1989),

and actions to deal with crisis are invariably directed to

stabilize the provision of those material conditions.

From a radically different view-point, Warren has noted

that "resource crisis may manifest itself through the

failure of a dominant world view or ethos, the failure of
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communicative or critical understanding or the loss of

legitimacy, participation or distributive justice, as well

as through simple loss of material provisions" (Warren

1989). Seen from this perspective, intents to resolve or

avoid resource crisis would essentially try narrow the gap

between material possibilities and societal values, norms

and goals. In current resource management practices,

however, changes in behavior, or patterns of resource

exploitation are seldom considered, since they are usually

seen as given, difficult to change, or the most desirable

(Bella and Klingeman 1973). However, as suggested by

Holling, the way to maintain structural arrangements within

stability domains is through changes in behavior. Intents

to maintain behavior lead to a change in the domains of

attraction of the system, usually due to slow, unperceived

changes in some key variables. These changes may drive the

system to sudden jumps among domains, or even to extinction.

Thus, the possibility of the system altering its behavior

-this is, its capacity of adaptation- is the main

reassurance for the maintenance of structure. This leads 

away from the idea of management through regulation, since 

regulation -through reduction of variability and search for 

stability of structure in order to maintain behavior- leads 

to simplification, loss of diversity, and consequently 

fragility. The focus on equilibrium of an approach based on

reliability should be changed to an analysis of the range of
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values in which the system can still exist. Therefore,

management efforts would not be oriented to driving system

variables towards an optimum optimorum, but to maintain the

system within a "domain of stability" (Holding 1978;

Thompson 1981). An approach based on resilience would

require a shift from the focus on maximum rate of return of

investment (political, economic) to "risk minimization", by

maintaining and developing those elements that provide

flexibility and adaptation. A strategy based on resilience

would not be possible based solely on analysis of

vulnerability -this is, the analysis of possible losses and

responses to avoid those losses. It would also require the

identification of those elements that promote resiliency and

"the analysis of the continuation of the possibility of

coping". (Timmerman 1981). In this sense, vulnerability

analysis and resilience analysis should be understood as

complements, not necessarily as opposites.

TOWARD A NEW CONCEPTUAL APPROACH FOR SLRA

It has been argued in this paper that present trends in

SLRA have focussed excessively in vulnerability. This focus

limits the validity and usefulness of the assessments being

made, due to the many uncertainties regarding future SLR and

global change in general.
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An approach based on resilience analysis would be more

helpful for understanding how socio-ecological systems may

be affected and how they could adapt to future SLR.

An approach based on vulnerability is limited to the

static analysis of potential losses. Responses to avoid

those losses are, in general, dependent upon reliability of

the response, and the stability of a number of variables.

Strategies based on reliability are, in general, conducted

at the expense of flexibility and adaptation.

A more comprehensive SLRA would be based on a dynamic

approach. It would seek to understand:

a) How the availability and value of resources may be

reduced by SLR.

b) How the ability to use those resources may be

impaired.

c) How the capacity to make decisions may be

constrained as a consequence of global change and

present actions.

d) How the resilience of the social and bio-physical

subsystems may be reduced.

Classic approaches to SLRA have been limited to the

analysis of point a), mainly by equating vulnerability with

the potential losses that may arise from accelerated SLR.

By extension, researchers have simplistically assumed that a

quantification of vulnerability could be achieved through

quantification of potential losses. The concept of loss has
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no relevance dissociated from an analysis of "value";

however, this point has been generally overlooked, in the

search for a value-free assessment. A critical study of

values should incorporate not only a study of present

perceived values, but should try to understand the origin of

those values. A simple enumeration of losses based on

present values tends to legitimize and perpetuate those

values. As a consequence trends become destiny and the

proposed responses "invoke a conditional reflex on the

social subsystem" (Knelman 1980), where policy making is

limited to reactive responses instead of proactive measures.

By equating vulnerability with losses, without analyzing how

those losses became to be valuable to society, vulnerability

has been seen as a state rather than a process. An analysis

that considers vulnerability from a static viewpoint,

without an analysis of the processes that make the system

vulnerable, hinders an adequate understanding of the way

socio-ecological systems may react to changes in external

parameters. The response measures suggested by this type of

analysis are generally oriented to limit the variability of

some elements within the system, thus decreasing its

resilient capacity.

Furthermore, vulnerability has been seen as arising

from external factors that threaten the realization of some

desired goals. However, as it has been noted above,

vulnerability arises not only from external factors.
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Internal conditions that reduce the adaptability and

resilience of the system are key elements contributing to

vulnerability. Moreover, it would be inappropriate to talk

about vulnerability without acknowledging that a number of

different vulnerabilities exist. Among them, resilience and

adaptability are the key vulnerable systemic 

characteristics. If they are impaired, the continuation of

the system may be jeopardized (Timmerman 1981). Resilience

and adaptability are not mere reciprocals of vulnerability,

but two of the many vulnerable elements of a system.

The issue of potential losses should therefore be

addressed from a critical perspective by analyzing whether

those values arise from basic needs, adequate (or

inadequate) perception of the coast, or are the inevitable

consequence of present socio-economic and scientific

paradigms (Kuhn 1970, Gallopin 1980; Capra 1981; Knelman

1980; Warren 1989). Unfortunately, SLRA assessments have

traditionally disregarded these hermeneutical considerations

(McGrath 1992, personal communication).

Evaluation of future availability and value of

resources would involve historical analysis of how present

trends and uses at specific coastal locations evolved. An

identification of the impetus promoting coastal uses, and

the rationale for development would permit recognize whether

the same or other impetus are still in place, and whether

those impetus would be maintained under global change
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conditions. The possibility of changed demands for beach

use, referred to in page 14 exemplifies the need for

analyzing potential changes in resource value and resource

availability, before promoting one response or another.

Such an analysis would provide a basis to decide whether

social, economic or ecological costs arising from the

selected response are justifiable.

Point b) puts SLRA within the broader context of global

change. Global change can be understood as the future

alteration of relationships within society, within the

environment, and between society and environment, that may

be produced by anthropogenic modifications of the

physiosphere. Present resource uses are based on societal

perceptions of the opportunities arising from those

relationships, and in the existence of adequate mechanisms

to take advantage of those opportunities. Would these

mechanisms still be adequate in the face of changes in these

relationships? The possibility of impaired capacity to use

resources should also alert us of potential pathological

adaptations to global change. As an example, a beachfront

house located on a dune may be aesthetically appealing to

many people. Would it still be so if, due to sea level

rise, that house would have to supported on piles, and

exposed to frequent storms? No doubt, a number of owners

would resort to that alternative in order to maintain their
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investment. However, this could be considered as a

pathological adaptation to a changing environment.

Deterioration of coastal structures can be due not only

to sea level rise, but also to technological or economic

incapacity to maintain them in working condition. If this

incapacity may result directly or indirectly from sea level

rise, then its analysis should be incorporated in the

assessment.

Point c), while also framing SLRA within a global

context, points to one additional factor: the possibility

that decisions be made as a matter of choice, and not of

necessity . This calls for a consideration of

intergenerational distribution of resources. More

specifically, for avoiding foreclosure of future options,

with the consequent reduction in capacity of response of

future generations (Bella 1978).

Point d) relates to maintenance of diversity and

variability as the main source of resilience of the coastal

system. It calls for a "diversity approach" (Bella and

Klingeman 1973, Holling 1978) in which large scale changes

are avoided and an uneven distribution of human actions upon

the environment is encouraged. On the one hand, this is

linked to Bella and Overton's "environmental predicament",

and promotes caution when dealing with complex

socio-ecological systems by rejecting the idea that

"specific proof, in the traditional sense, is needed for
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each decision to preserve [ecosystems]. Rather, decisions

to preserve are based, in part, on the concept that

environmental planning must deal with the limitations and

bias of available knowledge" (Bella and Klingeman 1973). On

the other hand, it follows from Holling's concept of

"domains of attraction" and encourages the search and

identification of the range of values in which the system

may exist (Holling 1984; Thompson 1984). Holling has

suggested that tighter monitoring, regulation and control

would not be successful in finding those domains of

attraction and critical thresholds. Trial and error seems

to be the only way to know where the limits are. But in

order to be successful, trial and error should permit

reversibility of actions when an error is committed, in

order to allow the experiment to start again. Efforts to

reduce uncertainty (e.i. development of predictive tools,

programs of information gathering, etc) should, of course,

be encouraged. But these efforts should go hand in hand

with design and planning criteria oriented towards

acceptable functioning of a system under different

conditions. Flexible designs and adaptive management would

keep the cost of recovering from failures low, while

decreasing the possibilities of catastrophic, irreversible

changes and increasing the capacity to take advantage of

opportunities that arise from change. While this approach
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may not provide maximun return to investment today, it would

decrease risk in the face of uncertainty.
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CONCLUSION

It is clear that a new conceptual framework would be

needed for resilience analysis. The linear models used in

impact assessment would be inappropriate for resilience

analysis. A new conceptual model should seek to describe

the mechanisms by which the system regulates its responses

to a given stimulus. Or put in another words, it should

depict the ways in which information, matter, and energy

flows within the system. It should identify the internal

loops and feedback mechanisms that amplify or dampen these

flows (Maruyama 1981). It should also identify the "domain

of stability" within which the system and its components can

fluctuate without threatening the existence of the system.

(Gallopin et al 1989; Holling 1984). The identification of

domains of stability is related to the identification of

critical thresholds beyond which the system may "jump" to

new qualitative states (including extinction). It should

help identify those elements which by change, replacement or

disappearance may critically impair the resilience and

adaptability of the system. It should be a "process

oriented" analysis (Maruyama 1981) seeking to understand the

evolutionary trends, and the ways of adapting to them

(Burton 198?). It should depict the synchronic and

asynchronic processes that occur within the system.
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