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Abstract Recent developments in the vulnerability literature have contested the use of

technical solutions as the sole adaptive strategies to reduce natural hazard impact; this

literature emphasizes the need to attend to the wider everyday risks to which people are

exposed and that aggravate hazard vulnerability. Using a case study of two flood-prone

communities in Puerto Rico, this article supports and enhances that literature by placing

floods within a wider context of other risks and determining how everyday risks influence

people’s perceptions of and capacity to adapt to floods. Participatory methods are used to

elicit the everyday risks that concern community members. The analysis reveals that

participants perceive floods as one of their risks, but they see them as neither the most

important nor most severe risk in their lives. Instead, they find other concerns—health

conditions, family well-being, economic factors, and land tenure—more pressing. These

competing risks limit adaptive capacity and increase vulnerability to natural hazards. The

results suggest that addressing these multiple risks, mainstreaming flood management and

adaptation into the wider context of people’s general well being, and increasing risk

perception will strengthen adaptive capacity to present and future floods.

Keywords Vulnerability � Adaptive capacity � Multiple risks � Floods �
Puerto Rico

1 Introduction

The solution to the flood problem experienced by the communities of Mansión del

Sapo and Maternillo is coming soon. Dike construction will solve once and for all the
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problem that has resulted from the overflow of the Fajardo River and that has

confronted hundreds of families for decades.1

Politicians, policymakers, and government agents have made many such declarations

regarding the flood exposure of Mansión del Sapo and Maternillo, two communities

located in northeastern Puerto Rico’s Fajardo River valley. This statement also reflects

generally accepted views about a flood control project that has been proposed for at least

30 years. Nonetheless, will technical measures alone provide the solution to the floods

experienced by these communities?

The flood vulnerability literature contests this technologically oriented perspective for at

least three reasons. First, technical measures alone do not provide total protection from

floods because flood control projects can fail and have failed in the past (Vári and Ferencz

2006; Wisner et al. 2004; Wong and Zhao 2001). Second, large-scale flood control projects

offer partial solutions, as they do not usually address the social causes of vulnerability

(Chan and Parker 1996; Mustafa 1998; Winchester 2000; Wisner et al. 2004). Finally, it is

inappropriate to treat floods as a characteristic of hazard exposure alone because this focus

does not facilitate understanding of the factors that combine to amplify hazard vulnera-

bility and that are linked to everyday lives of people (Few 2003; Mustafa 1998). Instead, it

is crucial to treat natural hazards vulnerability within the wider context of people’s lives so

that proposed adaptation strategies make sense and improve local conditions (Davis and

Hall 1999; Few 2003; Handmer 2009; Reid and Vogel 2006; Schipper and Pelling 2006;

Smit and Wandel 2006; Tschakert 2007; Wisner et al. 2004). In this approach, it is

necessary to understand and assess the multiple factors creating unsafe conditions, to

consider immediate and common risks people perceive and experience, and to tackle

everyday factors that may limit adaptive capacity—one of the key dimensions of vul-

nerability (Polsky et al. 2007).

Developing strategies that account for the multiple risks people perceive and experience

would create a suitable milieu for enhancing adaptive capacity to natural hazards and thus

for reducing vulnerability. Attending to multiple risks would provide for increasing

adaptive capacity to natural hazards because these risks may be associated with the various

determinants of adaptive capacity, which are related to the natural, material, technological,

economic, institutional, human, social, political, and cognitive factors present within

exposed populations (Brooks and Adger 2005; Eakin and Lemos 2006; Smit and Pilifosova

2001; Smit and Pilifosova 2003; Yohe and Tol 2002). Accounting for risks that are relevant

to people also would provide the motivation needed for engaging in adaptive strategies to

diminish risks impacts. It is expected that higher levels of perceived risk concerning a

hazard would positively influence adaptation to that hazard (Grothmann and Patt 2005;

Grothmann and Reusswig 2006). However, if risk perception related to a hazard is low—

that is, if the risk is not perceived as a threat—then it is unlikely that an adaptation action

would be taken in response to that hazard alone (Smit and Wandel 2006). Thus, under-

standing how people perceive and experience a specific risk and other everyday risks

would provide opportunities for developing adaptive strategies appropriate to local cir-

cumstances. Such strategies would attend immediate risks but at the same time address

those related to specific hazards to which populations are exposed. As mentioned above,

everyday risks heighten natural hazard vulnerability (Few 2003; Wisner et al. 2004).

Finally, confronting multiple risks would allow the identification of situations that permit

‘‘mainstreaming,’’ i.e., adaptations that incorporate climate-related risks into ongoing

1 Excerpt from the weekly newspaper Horizonte (Lebrón-López 2006; translated from Spanish).
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strategies, policies, programs, and decision-making processes that address wider situations

(Smit and Wandel 2006). Authors promoting mainstreaming stress that successful adap-

tation and vulnerability reduction should be most effective when undertaken in

combination with, or incorporated into ongoing strategies that enhance people’s situation

and general well-being (Füssel and Klein 2006; Huq and Reid 2009; Smit and Wandel

2006; Smit and Pilifosova 2001).

Despite generally acknowledging the importance of assessing the multiple risks that

people perceive and experience, and of situating natural hazards within this wider context of

risks, the vulnerability reduction and adaptive capacity literature presents few case studies

on this topic (Smit and Wandel 2006). Most vulnerability and adaptive capacity studies that

address everyday risks and the mainstreaming of adaptation occur within the context of

longer-term projected climate change and of particular sectors, such as agriculture (e.g.,

Belliveau et al. 2006; Ford et al. 2007; Reid et al. 2007; Tschakert 2007). There is especially

a shortage of such studies focusing on contemporary natural hazards, such as floods (Few

2003). This dearth in the literature means that there are limits to practical adaptation

planning (Füssel and Klein 2006; Smit and Wandel 2006). This article helps to fill this gap

in the vulnerability and adaptive capacity arena and adds to the increasing, but still limited

literature that places natural hazards in a wider context of everyday risks. The goals of the

article are to determine how floods are embedded in the everyday lives and risk perceptions

of people located in flood-prone areas and to explore how to enhance adaptive capacity to

floods by considering people’s multiple risks. More specifically, the article aims to answer

the following questions: How do community members perceive floods and how do floods

compare to other perceived risks? Do multiple risk perceptions limit adaptive capacity and

therefore increase flood vulnerability? What opportunities exist to enhance adaptive

capacity within the context of multiple risks? This article explores answers to these ques-

tions by studying two flood-prone Puerto Rican communities.

The remaining of the article consists of four sections. Section 2 describes the study area

and explains the methods employed in the study. Section 3 presents and discusses the

results in terms of (1) general risks perceived in the communities and their relationships to

floods and (2) differences in flood risk perceptions between the two communities and

potential factors influencing these differences. Section 4 discusses the implications of the

results for vulnerability and adaptive capacity, and Sect. 5 summarizes the findings and

draws final conclusions.

2 Analyzing floods and other risks in Puerto Rico

2.1 Study area

The study was conducted in the communities of Mansión del Sapo and Maternillo, located

in the northeastern municipality of Fajardo, Puerto Rico (Fig. 1). Several criteria guided

the selection of these two communities. The communities had to be low-income com-

munities and exposed to floods. Communities with this economic characteristic were

identified by a list of low-income communities provided by the Puerto Rican government.

Communities exposed to floods were identified in a list provided by the Federal Emergency

Management Agency (FEMA) and the Puerto Rico’s Agency of Emergency and Disaster

Management of those municipalities with recurrent flood damage. Prior to the selection of

the communities, the first author visited communities in some of the municipalities with

most recurrent damage. The final selection of these two communities was driven by access
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to the communities; i.e., acceptance by community leaders and residents, and willingness

to participate in the study. Note that these two communities exhibit similar characteristics

(e.g., location, exposure to floods, and experience with floods), but also some differences

(e.g., relative economic differences, different levels of exposure, and different interactions

between community members and community leaders) that allow comparison between

members and communities.2 Lessons learned through the comparisons and contrasts

between the two communities help identify ways to enhance adaptive capacity.

The two communities are built on the alluvial deposits and have an average elevation of

3 m above sea level. The Fajardo River flanks both communities and one community—

Maternillo—is adjacent to the coast. The communities comprise a total area of approxi-

mately 21 ha, with Maternillo having a larger area (12.8 ha) than Mansión del Sapo

(7.8 ha). Approximately 380 and 230 people live in Maternillo and Mansión del Sapo,

respectively (Oficina de Comunidades Especiales 2006). The communities are primarily

fishing communities, although many residents work in the manufacturing and the service

sectors, including, for example, jobs as carpenters, mechanics, and factory employers

(González-Velez 2003). The Puerto Rican government formally classifies Mansión del

Sapo and Maternillo as special communities, a government designation used to target low-

income communities for development assistance. Special communities are determined by

several factors, including economic poverty and unemployment, existence of single-headed

households, high rates of illiteracy and school desertion, and deficiency in services pro-

vision, among others. Many residents have land tenure and many of the houses are in

Fig. 1 Location of the study area

2 These observations were based on preliminary fieldwork, including visual assessments of housing and
infrastructure conditions, and on preliminary, informal conversations with community leaders and with
personnel of an NGO (Misión Industrial) that has worked with the two communities in the past.
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substandard condition (Fuller-Marvell 2002). All these characteristics heighten natural

hazard vulnerability.

The area has an average temperature of 26.4�C and a mean total annual precipitation of

1,575 mm. The rainy season is associated with the Atlantic hurricane season and therefore

generally occurs from June to November. Because of its geographic location, its topog-

raphy, and the influence of trade winds, it is not unusual for the area to experience heavy

rainfall outside the rainy season. These factors contribute to the tendency of the com-

munities to flood, including rainfall, river, and storm surge inundations. Approximately

two to three ‘small’ rainfall-driven flood events take place in the communities every year.3

Other than waterlogging of the ground, which usually lasts for about an hour and then

drains, these events have no major consequences.

The communities have also been subject to severe floods, usually associated with

tropical storms or other intense and prolonged periods of rainfall. Hurricane Hugo in 1989

and an intense rainfall event that occurred outside the rainy season on January 6, 1992

caused the two biggest flood events of the last 20 years, although other notable floods

occurred during this period. Hugo brought an estimated 200 mm of precipitation to the area

(Scatena and Larsen 1991), but floodwaters resulted from a combination of river overflow

and storm surge. Both communities were flooded, and most structures (except those that

were sufficiently elevated) were affected. In some houses, flood water reached almost one

and a half meters high and the inundation lasted approximately 10 h. The 1992 flood

resulted from river inundation brought by approximately 280 mm of rainfall. The flood

occurred at night and caught many residents by surprise. Only about one-third of the

houses in Maternillo were flooded, but most houses in Mansión del Sapo were affected. In

some areas, the water rose almost four feet and the inundation lasted about 5 h. The most

recent intense flood occurred on April 17, 2003 as a result of river encroachment resulting

from intense rainfall (approximately 305 mm). Compared to the floods of 1989 and 1992,

water did not rise as high, the flood lasted only 2–3 h, and floodwaters only affected the

least-elevated houses in each community. Recovery from these extreme events has heavily

depended on institutional support, mainly through external aid. Being a commonwealth of

the United States, Puerto Rican hazard response has been influenced by federal assistance.

Moreover, recovery has been facilitated by cash and material provisions from national and

municipal governments, along with aid from churches, voluntary groups, and NGOs

(López-Marrero 2008).

2.2 Methods

Data collection took place from June to August 2006. The possession-based method

(Takasaki et al. 2000) was used to select a stratified random sample of household by

resource endowment. In each community, there were six households per resource-

endowment group: lower, intermediate, and upper income. Thus, a total of 36 households,

18 from each community, were selected to participate in the study, representing approx-

imately 24% of all households. Participation was voluntary and participants received no

honorarium. Participant selection is explained in greater detail in López-Marrero (2008).

Three students from the Social Sciences Faculty of the University of Puerto Rico and

two young females from the communities assisted in the data collection. The research

assistants participated in a training workshop in May 2006 prior to conducting the data

3 Information about flood events and impacts in the community was obtained from conversations with
community members, including the community leader of Maternillo.

Nat Hazards (2010) 52:277–297 281

123



collection. The six members of the field research team (the five assistants and the first

author of this article) divided into two teams of three. The teams conducted the research

activities in Spanish and in the participants’ homes, where each household hosted two

visits lasting from one to two and a half hours each. Two methods were used to elicit each

household’s perceptions of flood risk embedded in everyday risks (1) a household ques-

tionnaire and (2) participatory ranking and scoring.

2.2.1 Household questionnaire

A semi-structured, open-ended questionnaire was administered in each of the 36 house-

holds. We did not pre-test this questionnaire because we only asked for basic household

information. Information acquired from the questionnaire set the context for (and helped us

interpret) the findings of the second method—the participatory ranking and scoring of

participants’ risk perceptions.4 The questionnaire included questions regarding household

demographics, level of education, livelihoods and sources of income, land and house

tenure, and time living in the community. Some questions were answered only by the head

of household (e.g., number of members in household, land and house tenure). Other

questions were answered by both the household head and his or her spouse, if present (e.g.,

years living in the community and source of income). Hence, even though there were 18

households surveyed in each community, the results were based on 28 participants (13 men

and 15 women) per community (56 participants in total). For some questions, answers were

reported for each household member (e.g., age, gender, and education). While adminis-

tering the household questionnaires, researchers noted house construction material and any

construction strategy to prevent flood damage.

2.2.2 Participatory ranking and scoring of participants’ perceived risks

Participatory ranking and scoring was used to elicit risk perceptions. For this study, ‘‘risk’’

is conceptualized in terms of the things that constantly occupy people’s thoughts, that are

severe and can result in harmful impacts or can create unfavorable conditions for people or

things they value, and that people perceive to be immediate (Armaş 2006; Smith et al.

2001; Lindell and Perry 2000). To avoid using the technical term ‘‘risk’’ with community

members, the Spanish word preocupación was used during the field activities; ‘‘concern’’

comes closest to this word and is used predominantly in this article. The words ‘‘risk,’’

‘‘worry,’’ ‘‘problem,’’ or ‘‘stressor’’ are used at various points because they fit the context

of colloquial terms used by participants.

The activity was conducted individually with the man and the woman of each household;

alternatively, it was conducted just with one person in the case of single-headed households.

Participatory visualization (Chambers 1997; Kumar 2002) was used to guide the 56 partic-

ipants through the steps of the ranking and scoring exercise. Participants were first asked to

list issues concerning them. Participants were not limited in the type or the numbers of

concerns they listed; on the contrary, they were encouraged to list as many concerns as they

wanted. They were asked to write down or draw each concern on a separate card. Then,

participants were asked to rank their concerns by order of importance on a big sheet of paper.

Next, they were asked to assign a severity value to each concern, with severity meaning how

4 This article is part of a larger research project consisting of a 1-year period of data collection and
community interaction. Consequently, the interpretation and discussion of this article’s findings are
informed by semi-structured interviews and informal conversations with community members.
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much of a threat that concern constituted for them or things they valued. The severity score

ranged from one (least severe) to five (most severe). Finally, participants had an opportunity

to explain why they listed specific concerns, possible solutions to the concerns, and their

ability or inability to solve them. If they did not mention floods as a concern, the investigators

asked them why they had not done so at the very end of the activity.

To analyze the results from the ranking and scoring activity, all concerns listed by the

participants were grouped into one of 21 categories. The categorization scheme used the

general determinants of adaptive capacity (i.e., human, social, economic, physical/mate-

rial, and environmental), thereby facilitating connections between perceived concerns,

unsafe conditions, and factors limiting adaptive capacity. For each category, four indices

were developed incidence (I), importance (P), severity (S), and risk (R) (Smith et al. 2000;

Quinn et al. 2003; Tschakert 2007). The indices were calculated for the full sample and

separately for each community.

The incidence index (I) represents the proportion of participants that listed a specific

concern. It ranges from 0 (not mentioned by anyone) to 1 (mentioned by all).

The importance index (P) represents the rank order participants gave to each concern.

The importance index was calculated for each concern as

Pj ¼ 2� ½ðr � 1Þ=ðn� 1Þ� ð1Þ

where Pj is the importance value for a concern, r is the rank participant j gave to that

concern, and n is the total number of concerns listed by that participant. The index ranges

from 1 (least important) to 2 (most important). The generation of this index allows

comparison of the relative importance given to each concern by the people listing it. A

mean value of P was calculated for the subset of participants who identified a particular

concern. The equation for calculating Pj differs from the one used by Smith et al. (2000)

and Quinn et al. (2003) in that their index value ranged from 1 (most important) to 2 (least

important). The equation used in this study allows a more intuitive graphical display of the

results, with concerns of less worry being placed in the lower y-axis and those of most

worry in the upper axis. The equation to calculate Pj used in this study also differs from the

one used by Tschakert (2007). In that study, importance values ranged from 0 (least

important) to 1 (most important); in the present study, values of 0 are avoided to allow

calculation of the joint risk (R) index, explained below.

The severity (S) index was calculated using the severity score participants gave for each

concern. A mean value for S was determined for the subset of participants who identified

that particular concern. S ranges from 1 (least severe) to 5 (most severe).

We calculated a joint risk index (R) for each type of concern. In this case, ‘‘risk’’

represents an overall assessment of each concern category based on the calculated incidence

(I), importance (P), and severity (S) indices and is not a traditional statistical measure of

probability. Before calculating R, the severity (S) index was adjusted to a scale of 1–2 to

match the scale of the importance index (P). The adjusted severity index was calculated

Sadj ¼ ðS=5Þ þ 1 ð2Þ

This adjustment permits S to have the same weight as P when calculating the overall

risk index (R). The risk index for each concern was calculated

R ¼ I � P � Sadj ð3Þ

where R represents the overall risk associated with each concern category and increases as

I, P, and S increase for each category. R ranges from 1 (lowest risk) to 4 (highest risk).
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3 Understanding floods within a wider context of multiple risks

3.1 Household demographic and socioeconomic characteristics

Results from the household questionnaires reveal an average of 3.3 individuals per

household, with slightly more people per household in Maternillo (3.6) than in Mansión del

Sapo (3.1) (Table 1). The average age is 36.6 years for all household members, and, on

average, Mansión del Sapo participants tend to be older than Maternillo participants. Seven

households from each community report at least one of their members being 65 years or

older. Five households in Mansión del Sapo report having at least one minor (18 years or

younger), compared to 10 households in Maternillo. Of the 18 households in Mansión del

Sapo, four are composed of one or two members older than 65 years and living alone,

compared to three in Maternillo. More than half of the households in both communities are

‘‘double-headed,’’ i.e., jointly headed by a man and a woman (Table 1). There are some

cases of single-headed households, i.e., divorced people, single people, or widows living

alone. On average, participants have lived in the community 40 years, with Maternillo’s

participants living in the community slightly longer (mean = 42.5 years) than participants

in Mansión del Sapo (mean = 38.8).

Most of the participants in both communities have attended school; two participants

from each community have never gone to school (Table 2). Of those who attended school,

in each community approximately half completed at least the intermediate level of edu-

cation (grade 1–9) and about one-third completed high school. Few participants have

attended college. Three participants in each community have a technical degree (2 years of

higher education) and one in Maternillo has a bachelor degree.

In terms of house tenure, all of the participants in Mansión del Sapo own their houses.

In Maternillo, one participant rents and the remaining 17 own their houses. Houses built

Table 1 Demographic and social characteristics of sample households (n = 18 in each community, unless
indicated)

Mansión del Sapo Maternillo

Mean household size ± SD 3.1 ± 1.6 3.6 ± 2.1

Mean household age ± SD 41.5 ± 23.3 32.2 ± 24.0

Mean years living in community ± SDa 38.8 ± 20.2 42.5 ± 20.9

Household composition (number of households)

Double-headed 10 10

Single-headed (living alone)b 4 3

Single-headed (with dependants)b 4 5

Education (interviewed adults)a

No formal education 2 2

Elementary school (K–6th grade) 4 10

Intermediate school (7–9th grade) 8 3

High school (10–12th grade) 11 9

Technical degree (B2 years) 3 3

Bachelor degree 0 1

a Responses based on both men and women from each household (n = 28 in each community)
b Including single, divorced, and widows
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completely of cement are more frequent in Maternillo (83%) than in Mansión del Sapo

(61%). The remaining houses in both communities are built of wood and corrugated metal.

In terms of land tenure, only two participants in Maternillo own the land upon which their

houses are located; the remaining 14 households in Maternillo and all households in

Mansión del Sapo do not have land tenure.5

None of the participants has any type of insurance to protect their house (e.g., hazard

insurance). The only type of insurance they have is medical insurance and, in most cases,

the government provides it.

Most households in both communities have at least one source of income (Table 2).

Two households in Mansión del Sapo and one in Maternillo were unemployed, and in all

three cases these were single-headed households. The main source of income for about half

of the households in each community comes from retirement funds and related social

security. About one-third of the households in each community reported one income-

generating activity. In both communities, most of the jobs reported by participants relate to

Table 2 Number of households
with different sources of income
and income-generating activities
per community

a Reported for those households
where income comes from work

Mansión
del Sapo

Maternillo

Double-headed households

One income (work) 2 5

One income (retirement) 2 1

Two incomes (work) 1 1

Two incomes (retirement) 2 3

Two incomes (work and retirement) 3 0

Single-headed households

One income (work) 2 2

One income (retirement) 4 5

Unemployed 2 1

Type of worka

Gardener 1 1

Waiter (restaurant/fast food) 1 0

Seller (vegetables and flowers) 3 1

Fisherman 1 4

House cleaner 1 0

Stylist (Beauty salon) 1 0

Mechanic 1 1

Factory employee (secretary and
handyman)

2 0

Carpenter 0 4

Elderly caregiver 0 1

Teacher assistant 0 1

5 In Puerto Rico, it is possible for people to own the house in which they live but not the land on which the
house is built. In many of these cases, people first occupied the land and constructed the houses many years
ago. After years go by, unless an individual claims legal right to the land, the government can claim the
property and permit continued occupation. However, the government can instead decide to relocate these
long-time squatters. Thus, residents of Mansión del Sapo and Maternillo live with uncertainty regarding
their long-term ability to remain on the land.
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the service economy (Table 2). There are five participants who are primarily fisherman

(one from Mansión del Sapo and four from Maternillo), but in all cases these fishermen

have two sources of income; i.e., gardening or the construction industry. Social assistance,

specifically federal food stamps, is a key supplement to income. Almost all households

(15 and 16 in Mansión del Sapo and Maternillo, respectively) reported being part of this

governmental program.

3.2 Flood concerns embedded within everyday life concerns

Concerns listed by participants are varied and range from the individual and household

levels to the community and societal levels. They relate to problems that affect people’s

lives, prosperity, livelihoods, and environment and include human, social, economic,

_infrastructural, and environmental concerns (Table 3). The incidence (I), importance (P),

and severity (S) indices for each concern category are graphically displayed for the full

sample (Fig. 2) and for each community (Fig. 3). Incidence (x-axis) is plotted against level

of concern (y-axis), while severity is expressed through the size and tone of the circle.

Table 3 Categorization and description of concern types

Broad concern
category

Concern
type

Description

Human Health Poor health conditions, illness

Family Desire for family’s well being (shelter, food, values)

Schoola (In)ability to finish school

Loneliness To feel and live alone

Social Security Unsafe conditions (criminality)

Drugs Drug use and traffic

Solidarity Lack of solidarity and sociability among people

Displacement Fear of being displaced from the community

Inequality Not being treated fairly and equally by the government

Government Bad governance, inability of island’s government to guide
and govern the island property

Economic Economy Being in debt, bankrupt, lack of money, inability to sustain household

Work Lack of work, insecurity of present job, fear of losing job, lack of
alternative income-generating activities

Move Inability to move out of the community

Physical/
material

House Poor housing conditions

Infrastructure Poor infrastructure conditions within the community
(water, port, lack of drainage, and bad road conditions)

Land tenure Lack of land tenure

Trash Trash problem in the community

Recreation Lack of recreation facilities in the community

Schoola Inadequate conditions of school facilities, lack of more educational
facilities

Environmental Floods Floods occurrence and negative effects

Hurricanes Hurricane occurrence and negative effects

Pests Pest occurrence in the community (rats and iguanas)

a For the purpose of this categorization and its definitions ‘‘School’’ appears both under human/tangible and
physical infrastructure

286 Nat Hazards (2010) 52:277–297

123



Floods were one of the participants’ concerns, but were neither the most cited

(I = 0.34) nor the most important (P = 1.40) or severe (S = 3.5) concern they perceived.

Moreover, of those citing floods as one of their concerns, about half of them mentioned that

floods were not a constant concern, but one related only to hurricane season. Floods were

the third most-cited concern, yet were not perceived as life threatening; material loss from

floods was what worried participants more. Because many participants have spent much of

their lives in this flood-prone area, they referred to floods as ‘‘known.’’ This finding

demonstrates the role of social memory—defined as the collectively acquired knowledge

and practices learned from past experiences (Adger et al. 2005)—which in this case has

permitted community members to develop adaptive strategies that allow them to reduce the

negative impacts of floods. Here, the accumulated knowledge of community members,

particularly the elderly, constitutes an important human resource for social learning and

flood adaptation. Access to institutional, material, technological, economic, and human and

resources has also facilitated adaptation to floods. Examples of long-term strategies include

elevating their houses, using more water-resistant materials (e.g., concrete), and filling low

spots on the land where they construct their houses. Short-term strategies include elevating

and securing their material belongings when floods occur. López-Marrero (2008) provides

a detailed description of adaptive strategies to minimize floods’ negative effects in

Mansión del Sapo and Maternillo.

Although floods were a concern, the immediacy posed by everyday worries about well-

being, livelihoods, and family resulted in floods being a less important and severe concern.

For instance, poor health was the most frequently cited concern, mentioned by over half of

Fig. 2 Combined summary of concern types for both communities, expressed in terms of their incidence
(x-axis), importance (y-axis), and severity (size and tone of the circle). Floods are the focus of this study, and
the intersecting dashed lines provide a reference for comparing floods to other concerns
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Fig. 3 As in Fig 2, but for the individual communities
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the participants (I = 0.54). Health problems also ranked among the most important

(P = 1.82) and most severe (S = 4.03) concerns. Among the most recurrent health

problems are heart disease, diabetes, poor blood circulation, and hypertension. Most par-

ticipants who cited health as a concern are older or head of a house having at least one

member over 65 years of age. This concern not only relate to current health conditions, but

also to the fear of not having good medical treatment or money to buy medicines in the

future. Moreover, participants criticized the health system as being poor and inefficient.

These concerns over medical treatment and dissatisfaction with the health system are

related to the privatization of the former public health system, a change that in many cases

has resulted in reduced access to medical treatment and medicine.

After health, family well-being was the most cited concern (I = 0.36). In particular,

participants want their family to have an adequate living standard today and in the future.

They mentioned how they want their family, particularly their sons and daughters, to have

opportunities (like finishing school or having a stable job career) they themselves did not

have (see Tables 1 and 2). Secure shelter, food, good education, and strong values were

among the things participants would like to have their family members. In fact, family

well-being is linked to other less-mentioned concerns like housing conditions (house,

I = 0.17), lack of recreation facilities (I = 0.15), poor educational quality (school,

I = 0.14), and drugs (I = 0.05).

Security issues and work were, after floods, the fourth and fifth most-cited concerns,

respectively. Lack of security is mainly associated with the fear of being attacked or

robbed. A few participants expressed this concern because family members had been killed

or their houses had been burglarized. Others mentioned how island-wide crime activities

constantly reported in the news made them worry. Lack of security is also related to the

drug concern (I = 0.05) and to the association of crimes and attacks with drug use, sales,

and market control. Work concerns primarily related to fears of losing their jobs, which in

turn related to the impermanence and seasonality of these jobs. For example, some par-

ticipants were employed in fishing and construction industries (Table 2) and worked only

when demand for fish was high or when construction projects were available.

More than half of the concern categories were perceived as more important that floods

(Fig. 2). Bad health, besides being the most cited concern, was the second most important

perceived concern (P = 1.82). Although less-cited, many other concerns were perceived as

more important than floods, including the inability to move away from the community

(P = 2.00), drug use (P = 1.78), not having land tenure (P = 1.69), and lack of educa-

tional opportunities or inadequate schooling conditions (P = 1.64). These concerns are

shown in the upper left-most part of Fig. 2.

About one quarter of the concerns were perceived as being more severe than floods.

These concerns included bad health (S = 4.03, the most severely perceived concern), the

inability to move away from the community (S = 4.00), pest occurrence (S = 4.00),

hurricane occurrence (S = 3.56), and inequality (S = 3.55). They are represented with the

biggest and darkest circles in Fig. 2.

Combining the incidence, importance, and severity indexes, the joint-risk index (R) for

floods is 0.80 (Table 4). Floods had the third highest ‘‘risk’’ score, after bad health con-

ditions (R = 1.79) and family well-being (R = 0.87).

3.3 Flood concerns as perceived by members from the two communities

Although floods were cited as one of the concerns overall, residents of the two commu-

nities do not experience and perceive floods the same ways (Table 4, Fig. 3). Floods were
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the second most-cited concern by participants of Mansión del Sapo, where about half of the

participants cited this concern (I = 0.52). In contrast, few participants of Maternillo cited

floods as one of their main concerns (I = 0.14). Moreover, floods were considered less

important and less severe in Maternillo than in Mansión del Sapo (PMansión del Sapo = 1.42,

PMaternillo = 1.33; SMansión del Sapo = 3.56, SMaternillo = 2.75). Consequently, the joint-risk

value is higher for Mansión del Sapo (R = 1.26) than for Maternillo (R = 0.30). The

difference in incidence, importance, and severity values between the communities is

clearly shown in Fig. 3 by the changes in the intersection of the dashed lines (different

incidence and importance) and by the size and tone of the circles (different severity).

The differences in results reflect variations in the factors that influence risk perception

in both communities. First, demographic characteristics and household composition of

participants could be contributing to the differences in flood perceptions between the

communities. Compared to Maternillo, participants from Mansión del Sapo are charac-

terized by having higher average age, smaller household size, fewer younger members,

more single-headed households, and more households composed by one or two members

older than 65 years living alone (Table 1). These characteristics augment people’s sus-

ceptibility to floods and influence their preparedness or recovery strategies. For instance,

the elderly can have more difficulty in preparing for floods or evacuating the community

when floods occur, situations that are worsened if they do not have good health or mobility

(Brilly and Polic 2005; Morrow 1999). In addition, small households and those that have

Table 4 Joint-risk index value
(R) for each concern type: full
sample and stratified by
community

R ranges from 1 (lowest) to 4
(highest risk). Values in
parenthesis are the relative rank
in terms of each index. Values of
zero mean that the concern type
was not mentioned
a Tied values

Concern category Joint-risk index (R)

Full sample Mansión
del Sapo

Maternillo

Health 1.79 (1) 1.82 (1) 1.75 (1)

Family 0.87 (2) 0.63 (3) 1.16 (2)

Floods 0.80 (3) 1.26 (2) 0.30 (8)

Security 0.66 (4) 0.62 (4) 0.70 (3)

Work 0.43 (5)a 0.44 (6) 0.41 (5)

House 0.43 (6)a 0.49 (5) 0.35 (7)

Hurricane 0.35 (7) 0.26 (9)a 0.45 (4)

School 0.34 (8)a 0.30 (8) 0.40 (6)

Infrastructure 0.34 (9)a 0.40 (7) 0.27 (9)a

Recreation 0.25 (10) 0.26 (10)a 0.25 (11)

Economy 0.23 (11) 0.25 (11) 0.22 (13)

Trash 0.20 (12) 0.14 (14) 0.27 (10)a

Drugs 0.15 (13) 0.16 (13) 0.14 (15)

Land tenure 0.14 (14) 0.18 (12) 0.10 (16)

Solidarity 0.13 (15)a 0.04 (20)a 0.24 (12)

Loneliness 0.13 (16)a 0.10 (16)a 0.16 (14)

Equity 0.09 (17) 0.10 (17)a 0.08 (17)

Move 0.06 (18) 0.12 (15) 0.00

Displacement 0.05 (19)a 0.05 (19) 0.06 (18)

Pest 0.05 (20)a 0.09 (18) 0.00

Government 0.02 (21) 0.04 (21) 0.00
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few (or no) young members can lack the human capital necessarily for appropriate and

timely preparedness and recovery in the face of floods.

Second, this difference may, to some extent, reflect the variation of actual flood

exposure of the two communities. Even though both communities are located in the river

floodplain, Mansión del Sapo has greater exposure in terms of river overflow and rainfall

flooding than Maternillo does. There are at least four reasons for the greater exposure of

Mansión del Sapo. (1) Mansión del Sapo is located at a lower elevation than Maternillo, so

it is easier for the river to overflow there. (2) A drainage ditch that receives floodwaters

from other areas runs through Mansión del Sapo to the river. This ditch is usually not well

maintained, so debris and vegetation can slow water drainage and cause the ditch to

overflow into the community. (3) Mansión del Sapo lacks adequate drainage. In contrast to

Maternillo, which has two culverts, Mansión del Sapo does not have any, and its drainage

depends mainly on the natural contour of the land and on the aforementioned ditch.

(4) Mansión del Sapo has more water sources that could potentially flood the area than

Maternillo has. When rainfall is heavy, Mansión del Sapo receives not only water from the

river, but also runoff from neighboring urbanized areas located upstream. As it is further

downstream, these waters from upstream areas usually do not reach Maternillo because

Mansión del Sapo’s lower elevation traps them. These ‘‘trapped waters’’ usually drain to

the river or through the culvert that divides both communities before reaching Maternillo.

Nevertheless, Maternillo, being nearer to the coast, is more exposed to floods caused by

storm surges. These types of floods, however, have been less frequent than floods from

intense rainfall. If the hurricane is intense, then both communities flood from storm surge,

as was the case during 1989s Hurricane Hugo.

Finally, levels of adaptation might be another factor that influences Mansión del Sapo’s

heightened risk perception. Maternillo’s residents seem to have developed better adapta-

tions to floods than residents of Mansión del Sapo, at least in terms of long-term, technical

modification to land and housing conditions that decrease flood damage (López-Marrero

2008). In general, houses in Mansión del Sapo have less-resistant construction materials,

are in poorer condition, and are less elevated than those in Maternillo, thereby making

them more susceptible to floods.

4 Discussion

Concern reflects uneasiness with existing circumstances, and a perceived concern can be

interpreted as a desire to see it minimized or resolved. Within this context, perceptions of

risk influence adaptive capacity, as those individuals who express concern (i.e., perceive

risk) are more likely to be motivated and make efforts to undertake adaptive strategies to

reduce negative impacts (Grothmann and Patt 2005; Grothmann and Reusswig 2006). In

Mansión del Sapo and Maternillo, the fact that floods were perceived as one concern is a

positive step toward enhancing adaptive capacity. However, floods were neither the most

important nor the most severe risk perceived by residents. Smit and Wandel (2006) state

that enhancing adaptive capacity goes beyond simply focusing on the hazard in question.

Indeed, the findings of this study suggest that enhancing flood adaptive capacity requires (i)

focusing on the multiple factors that create unsafe conditions and limit adaptive capacity;

(ii) mainstreaming flood adaptation; and (iii) increasing awareness about flood hazards.

The results from the ranking and scoring activity reveal that several of the expressed

concerns (risks) relate to unsafe conditions and adaptive capacity in the face of floods.

Unsafe conditions can be defined as ‘‘the specific forms in which the vulnerability of a
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population is expressed in time and space in conjunction with a hazard’’ (Wisner et al.

2004, p. 55). These conditions depend on people’s level of well-being and their access to

resources (tangible or intangible) for dealing with crises; these conditions, in turn,

resemble the determinants of adaptive capacity. In regard to flood vulnerability in Mansión

del Sapo and Maternillo, poor health, diminished livelihood conditions, economic short-

falls, and inequitable treatment by government are key human, social, and economic

factors that create unsafe conditions and limit adaptive capacity. The questionnaire results

show that residents generally have the economic resources to support their households and

cover day-to-day expenses. However, many have insufficient savings or the access to credit

needed to weather prolonged evacuation, recovery, or reconstruction.6 With extreme

floods, like the one resulting from Hurricane Hugo in 1989, which exceeded existing

adaptive strategies, most residents relied on government assistance to recover and rebuild.

However, governmental aid is not always available or equitably distributed. As suggested

for farmers in Kwa Zulu-Natal and Senegal, attending to the fundamental issues that

improve health conditions and enhance livelihood options puts people in a better position

to deal with natural hazards, while paying attention to immediate concerns that people have

(Reid and Vogel 2006; Tschakert 2007). The same finding holds true for this study. In

addition, this study shows that the equitable distribution of resources is essential for

enhancing the adaptive capacity to deal with floods.

In terms of physical infrastructure and access to material resources, poor housing

conditions, insufficient drainage infrastructure, inadequate maintenance of the infrastruc-

ture that does exist, and inability to acquire land tenure create unsafe conditions and limit

adaptive capacity to floods. These conditions require special attention in Mansión del Sapo,

where poor housing conditions (resulting, for instance from shoddier construction tech-

niques and fewer water-resistant materials) and poor drainage are more evident. In this

case, government assistance with construction materials could help residents with poor

housing conditions (who are generally residents with lower incomes) build more hazard-

resistant structures. Moreover, there is a need for promoting collective community actions

for house construction and drain cleaning and maintenance. Such actions were effective in

decreasing flood exposure and impacts in poor urban communities in Guyana (Pelling

1997). The issue of land tenure—one of the most important concerns perceived by some

participants—needs special attention. As revealed by the household questionnaire, most

residents lack land tenure, which creates uncertainty for community members; i.e., whether

they will stay or be displaced. Given this uncertainty, many community members do not

want to invest in improving their community situation in general and their housing con-

dition in particular, even if they have the economic and human resources to do so. Thus,

acquiring land tenure could encourage community members to engage in actions that

would result in safer conditions. Unfortunately, going through the bureaucratic process

needed to acquire land tenure would require financial and institutional resources not

available to most community members.

In the cases already noted, it makes sense not to build community resources that

necessarily require large amounts of economic capital, but instead to develop social capital.

Social capital is an important element for building the capacity to overcome negative

impacts of natural hazards; it is particularly valuable for taking collective actions toward

vulnerability reduction (Adger 2003; Pelling and High 2005). One concern expressed by

6 The various resources (institutional, material, technological, economic, human, and social) that com-
munity members have for recovery and reconstruction after flood occurrence are explained in López-
Marrero (2008).
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some participants regarded low levels of solidarity among community members, which

might indicate erosion of social capital.7 As suggested above, cleaning and maintaining the

drainage ditch is a case in which community members could act collectively to decrease

flood exposure, but one that might be difficult to implement if they are not willing to work

together. Related to social capital, social networks are important during the different

phases of hazard and disaster occurrence; not having people to rely on, that is, having

poorly developed social networks can put a person or a community at a disadvantage when

preparing for or recovering from a flood. Developing social capital is further complicated

in Mansión del Sapo and Maternillo by the presence of another concern mentioned by

participants (lack of personal security). Insecurity makes people behave more individu-

alistically, thereby inhibiting social capital. The role of social capital to improve the

general well-being of community members and also increase adaptive capacity to floods

deserves further investigation.

Despite the multiple factors creating unsafe conditions and constraining adaptive

capacity to floods, the results from this study identified at least three opportunities for

mainstreaming flood adaptation into ongoing activities in the communities. First, diver-

sifying and increasing livelihood options would enable community members, particularly

those in more disadvantageous conditions, to be better prepared economically to address

both everyday concerns and floods. Presently, a local and regional ecotourism initiative is

attempting to develop community-based projects aimed at enhancing the local economy

(e.g., selling local food products and offering guided tours of the Fajardo River). Many

community members are enthusiastic to engage in these activities, but it is essential that all

interested individuals have the opportunity to participate in such projects. Second, monthly

social events are being offered in the communities. Such events provide a space for people

to increase or reinforce community social networks, both horizontally and vertically, which

are necessary in times of flood. Third, participants expressed concern about poor drainage

infrastructure, pest occurrence, and trash—all linking in some way to floods and their

negative impacts. Connecting these elements to health concerns (Few 2007) could promote

community-driven preventions, e.g., cleaning community ditches, eliminating standing

water, and enhancing community knowledge about the impacts of illegal trash dumping. In

all three examples, the benefits of integrating flood risks into broader risks are clear

because they attend both to immediate concerns and factors that determine adaptive

capacity.

A final implication for enhancing adaptive capacity relates to increasing awareness of

flood hazards—both current exposures and those that might result as a consequence of

climate change. Low risk perceptions of floods could negatively influence motivation to

enhance adaptation to floods (Grothmann and Reusswig 2006). Residents of Maternillo

showed much less concern about floods than residents of Mansión del Sapo. Maternillo is

nearer the coast and is particularly more exposed to storm surge flooding. In fact, hurri-

canes are one of Maternillo resident’s concerns, but those concerns relate more to wind

hazard and less to storm surge. Precipitation in eastern Puerto Rico has declined (Heartsill-

Scalley et al. 2007), and climate change is likely to bring drier, a climate to the island

(Neelin et al. 2006). Some climate models, however, predict that global climate change

might lead to a warming of the Atlantic Ocean, which is likely to increase the intensity and

7 Social capital (including social networks, relationships of trust, mutual help, and collective actions) were
mentioned by community members as an important source of support during and after a flood. Nonetheless,
participants described mutual social resources as declining when compared to the past, when social networks
were stronger and more people relied on each other (López-Marrero 2008).
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frequency of tropical cyclones (Bengtsson et al. 1997; Knutson and Tuleya 2004), a trend

that could result in significantly higher peak precipitation rates. In that case, the intensity

and frequency of extreme precipitation events could amplify the current intensity of floods.

Moreover, the higher sea levels resulting from climate change are associated with

increased storm surge impacts (e.g., Kleinosky et al. 2007). Therefore, to counteract the

perception of decreasing flood risk among residents, it seems vital to rise awareness and

understanding that extreme flood events could intensify in the future. Education and

community awareness need to stress the fact that floods in this area are phenomena related

not only to precipitation trends and riverine floods, but also to other factors, such as climate

change, urban runoff and coastal storm surge, all of which are likely to increase. Given the

current risk of flood and the possibility of future increases in that risk, raising flood risk

perception is essential.

5 Conclusions

This article described the degree to which floods play a part in the risk perceptions of two

flood-prone Puerto Rican communities. The research showed that floods are one of several

concerns perceived by community members. The findings emphasized the need to address

both flood risks and wider concerns that aggravate flood vulnerability and inhibit adap-

tation, including health conditions, livelihood issues and economic factors, social relations,

community infrastructure, and land tenure. Over time, residents have developed floods

adaptation strategies that, along with the possible construction of a flood control project,

appear to be influencing lower flood-risk perceptions. Regardless of these strategies, not

only will floods continue to be a hazard for these communities, but also climate change and

other local changes will increase the magnitude of some future floods. Thus, attending to

factors connected to the determinants of adaptive capacity, mainstreaming flood adapta-

tion, and increasing risk perception is recognized as important to increasing adaptive

capacity. Strengthening local capacity to cope is also seen as a positive step toward

empowering the communities rather than reinforcing dependency, which often results from

flood relief efforts (Wisner et al. 2004). Moreover, enhancing people’s capacity to deal

with present climate conditions will strengthen their adaptive capacity to deal with future

hazards, such as those resulting from climate change. The lessons learned in this study and

the recommendations for enhancing the adaptive capacity of Mansión del Sapo and

Maternillo could provide guidance to enhancing natural hazards adaptive capacity else-

where, such as exposed communities in Latin America and the Caribbean.

The article began by questioning the view expressed by policymakers and government

agents about Mansión del Sapo and Maternillo flood exposure and the technical solution to

it. The findings from this study suggest that lowering flood vulnerability requires more than

constructing dikes in the Fajardo River; it requires incorporating the views of those at risk,

thereby making it possible to develop adaptive strategies that are appropriate to local

circumstances. Events like Hurricane Katrina in 2005 placed doubt on the efficacy of

structural approaches (e.g., Colten 2006; Munasinghe 2007). Such doubts do not neces-

sarily imply that structural flood control projects are always inadequate, but they do

suggest the importance of considering non-structural options—the wider human, social,

economic, and political factors influencing flood vulnerability and adaptive capacity—in

addition to structural approaches. As Kundzewicz et al. (2002, p. 270) state ‘‘it is

impossible to design a system that never fails. What is needed is a system that fails in a safe

way.’’
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