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Abstract

Understanding landowner perspectives on flood mitigation is an essential step
towards minimising conflict and ensuring public support and compliance. To
illuminate landowner perspectives on flood mitigation and the drivers of those
perspectives, we surveyed landowners in the Deerfield River Watershed, Massa-
chusetts (USA). Confirmatory factor analysis shows landowners differentiate
between the physical and the policy pathways through which flood mitigation
strategies provide protection. Multiple regression analyses indicate landowner
support or opposition for each of those pathways is related both to the risks a
landowner faces and to their broad worldviews. Lastly, cluster analysis indicates
variation in patterns landowner of support or opposition to the physical and pol-
icy pathways through which flood mitigation provides protection. Findings point
to how issues beyond flood impacts, including understandings of riverine pro-
cesses, assessments of responsibility, and interpretations of the relationship
between government and private property drive landowner perspectives on flood
mitigation policies.

Introduction

Floods are the most damaging natural hazard. In 2013
alone, hydrological disasters caused $53 billion USD in
damages and were responsible for 46.5% of natural
disaster-related deaths (Guha-Sapir et al., 2013). In
response to the rising costs of flooding (Pielke, 1999;
Loucks et al., 2008; Kreibich et al., 2015), across much of
Europe and the United States (Tunstall et al., 2004; Erdle-
nbruch et al., 2009; Hartmann, 2011; Heintz et al., 2012;
van Herk et al., 2015; Morris et al., 2014; Rouillard et al.,
2015; Buchecker et al., 2016) the paradigm for addressing
floods has shifted from controlling or blocking flows (flood
defence) to ‘living with floods’ and decreasing overall vul-
nerability to floods through basin-wide water and land
management strategies.
Integrated flood risk management (IFRM) encompasses

a broad range of strategies that are rooted in the recogni-
tion that absolute protection from floods is impossible and
that aim to reduce potential human and socio-economic
losses while preserving ecosystems and biodiversity (Grabs
et al., 2007; Tempels and Hartmann, 2014; Challies et al.,

2016). Implementation of IFRM involves five key princi-
ples: (1) managing the water cycle as a whole, (2) integrat-
ing land and water management, (3) maximising the use of
floodplains and adopting a mix of flood mitigation strate-
gies, (4) ensuring a participatory approach, and (5) adopting
integrated hazard management (Grabs et al., 2007; World
Meteorological Organization, 2011).
Inherent in these principles are a number of proposi-

tions. The first is the acceptance of some level of flood
impacts. In recognising the inevitability of flood impacts
and seeking to minimise damages when flooding occurs,
IFRM implies not all properties and peoples will be fully
protected. The second is the adoption of a basin-wide
approach to managing floods (Holstead et al., 2015; Rouil-
lard et al., 2015; Hartmann and Spit, 2016), where riparian
lands with large floodplains and/or lands located in key
areas are viewed as tools for absorbing flows and energy in
order to reduce downstream risks. The third is a reliance
on controlling and coordinating land-use as well as river
management strategies. Non-structural flood mitigation
measures, such as restoration of floodplains, removal of
embankments, riparian buffers, and restrictions on
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encroachments are land based. Lastly, IFRM relies on the
private provision of public goods (Tompkins and Eakin,
2012; Geaves and Penning-Rowsell, 2016). In implementing
non-structural flood mitigation measures on private prop-
erty, landowners are providing public flood mitigation ben-
efits sometimes at the expense of their ability to use that
property. These propositions point to the critical role of
private property, and the individuals who own those prop-
erties, in IFRM.
Implementation of IFRM has very real consequences for

landowners; and landowners, through their attitudes and
land management practices, influence the effectiveness of
IFRM strategies. IFRM involves changes in how water and
debris flow through a basin and thus how landowners expe-
rience floods on their property. Yet flows through other
portions of the basin also depend on how individual land-
owners respond to flood risks on their own properties. In
using their land and in protecting their land from flood
risks, landowners may engage in practices that are synergis-
tic with an IFRM approach and provide public flood miti-
gation benefits or may also engage in practices that serve to
protect their property yet increase flood risks elsewhere in
the basin (Milman and Warner, 2016). Beyond direct phys-
ical impacts, landowners can influence IFRM through their
political voice. IFRM has been contested on a variety of
occasions (Zaugg, 2002; Næss et al., 2005; Scolobig et al.,
2008; Harries and Penning-Rowsell, 2011; Buchecker et al.,
2016; Challies et al., 2016) and landowner dissatisfaction
can lead to pressure to change public flood mitigation poli-
cies (Emery and Hannah, 2014).
Understanding landowner perspectives on different

aspects of flood mitigation is thus an essential step towards
addressing the distributional consequences of various flood
management activities, minimising political conflict, and
ensuring greater public support and compliance (Becker
et al., 2014). Yet little is known about the degree to which
landowners support IFRM and the reasons for their sup-
port or opposition. To illuminate the multiple dimensions
of landowner perspectives on IFRM and the drivers of
those perspectives, we interviewed and surveyed land-
owners in the Deerfield River Watershed, Massachusetts.
The first stage of our analysis reveals that landowners’

views on specific flood mitigation strategies stem from their
perception of the physical mechanisms through which the
strategies provide protection and their ideas about the
appropriate role of government in flood mitigation and
assistance. The next stage of our analysis shows that land-
owner support or opposition for flood mitigation strategies
is related both to the flood risks a landowner faces and their
broad worldviews regarding government and the role of
humans in nature. The third stage of our analysis indicates
that landowners are heterogeneous and, even among those
who support or oppose IFRM, there is a diversity of

perspectives. Our findings point to how issues beyond past
flood impacts, including understandings of riverine pro-
cesses, assessments of responsibility, and interpretations of
the relationship between government and private property
drive landowner assessments of flood mitigation policies.
Thus increasing acceptance and effectiveness of IFRM
requires better understanding not only of risk but also of
broader questions of worldviews and governance.

Landowner perspectives on flood
mitigation

Prior research indicates that public preferences regarding
flood mitigation strategies are mixed. While different mem-
bers and segments of the public view both structural and
non-structural measures positively (Kenyon et al., 2008;
Rouillard et al., 2015; Buchecker et al., 2016), traditional
structural measures, including clearing of watercourses and
channelling of rivers, are often preferred (Rasid and Haider,
2002; Rasid et al., 2008; Lara et al., 2010; Harries and
Penning-Rowsell, 2011). Insights into preferences for flood
mitigation strategies can be gleaned from a variety of theo-
retical and methodological approaches including: multi-
attribute utility, protection-motivation, and governance
values. Each of these bodies of literature has a unique focus
and approach. While these approaches address overlapping
issues, they remain largely unconnected.
From a utility-maximisation perspective, preferences for

flood mitigation strategies can be seen to reflect a prioritisa-
tion of the multiple benefits and costs associated with each
strategy (Keeney and Raiffa, 1993) and multi-attribute util-
ity theory allows the assessment of how landowners make
decisions about these tradeoffs. Flood mitigation measures
vary in the reduction in flooding achieved as well as
impacts on the environment, aesthetics, economic circum-
stances and social practices (Kenyon, 2007), thus individual
preferences will vary with context (Scolobig et al., 2008).
Landowners, tenants, and estate managers that are con-
cerned about appearances value the aesthetics of controlled
and tidy rivers over the messy or changing features associ-
ated with non-structural flood mitigation measures
(Rouillard et al., 2015). Individuals concerned about envi-
ronmental impacts prefer non-structural and ecological
river management measures (Zaugg, 2002; Lara et al., 2010;
Buchecker et al., 2016). Social actors with strong economic
or urban-development interests (Scolobig et al., 2008) tend
to be less supportive of restrictions on land use or on the
use of productive agricultural land for non-structural miti-
gation (Holstead et al., 2015; Rouillard et al., 2015).
While utility maximisation focuses on interests, a robust

literature on human behaviour points to the influence of
psychological variables in determining preferences.
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Perceptions of flood mitigation strategies are closely tied to
understandings of risk and of adaptation (Rogers and
Prentice-Dunn, 1997; Grothmann and Patt, 2005; Lindell
and Perry, 2012). Empirical studies on protection-
motivation (i.e. the reasons people undertake protective
actions against potential hazards) have demonstrated that
perceived risk and concerns about future flooding influence
an individual’s motivation to undertake protective action.
However, an individual’s expectations regarding his or her
own capacity to undertake protective action as well as the
efficacy of those actions in reducing risk (i.e. his or her
adaptation appraisal) are more consistent predictors of
individual action (Blennow and Persson, 2009; Bubeck
et al., 2012; Becker et al., 2014). As related to perceptions
of public flood mitigation, the corollary is that an indivi-
dual’s support for particular flood mitigation strategies will
depend on whether they believe the strategy is likely to be
effective in reducing the risk and if the government or
other implementing organisation has the capacity to suc-
cessful implement the strategy. For example, research has
shown that landowners who doubt the effectiveness of non-
structural flood mitigation measures express low support
for those measures (Howgate and Kenyon, 2009; Rouillard
et al., 2015; Buchecker et al., 2016), and that landowners
with high trust in governmental authorities perceive the
effectiveness of non-structural measures to be higher
(Buchecker et al., 2016).
Research on protection-motivation has also found that

appraisals of adaptation are moderated by perceived
responsibility for protection (Paton, 2003; Lindell and
Perry, 2012). Expectations regarding the roles and responsi-
bilities of government and individuals influence perspec-
tives on the appropriateness of flood mitigation strategies
(O’Brien et al., 2009; Adger et al., 2012). While multiple
studies find broad agreement among the public that gov-
ernment has a large responsibility to reduce flood risks
(Næss et al., 2005; Terpstra and Gutteling, 2008; Butler and
Pidgeon, 2011; Adger et al., 2012; Box et al., 2013), other
studies show that government policies are increasingly
shifting responsibility for managing flood risks to indivi-
duals (Meijerink and Dicke, 2008; Butler and Pidgeon,
2011; Bichard and Kazmierczak, 2012). Moreover, opinions
are mixed regarding the nature of the role of government.
Structural measures that clearly provide public goods are
consistently viewed as falling under the purview of state or
federal government (Butler and Pidgeon, 2011; Bichard and
Kazmierczak, 2012; Mees et al., 2013; Barraqué, 2014) while
views regarding the role of government in land use pla-
nning and the regulation of development are more conflict-
ing (Geaves and Penning-Rowsell, 2016).
Moreover, sociological research illustrates that an indivi-

dual’s endorsement of public policies, including flood miti-
gation measures, reflects his or her beliefs about the types

of policies (i.e. regulations or incentives) used and his or
her attitudes towards governance processes (Fischer, 2009;
Glenk and Fischer, 2010). For example, while one study
shows landowners in New Brunswick (Canada) and Maine
(USA) agree rules and regulations are needed in order to
promote the public good and that both incentives and regu-
lations are useful (Quartuch and Beckley, 2014), other stud-
ies have shown regulatory approaches to be contentious
(Schaaf and Broussard, 2006; Cocklin et al., 2007; Larson,
2009). Moreover, there is a lack of consensus on how gov-
ernment can best protect the public good while respecting
private property rights (Raedeke et al., 2001; Milman and
Warner, 2016).
Drawing upon both the theory of cognitive hierarchies

and cultural theory, researchers have demonstrated indivi-
dual’s attitudes towards policies are related to the underly-
ing worldviews people hold (Glenk and Fischer, 2010;
Offermans and Valkering, 2016). In other words, support
or opposition towards environmental policies is derived
from an individual’s values and understanding regarding
how the world does and/or should function, including both
views on the relationship between humans and the environ-
ment and views on the manner in which humans behave
and interact with one another (Fischer, 2009). Individuals
who hold a collectivist worldview see responsibility as
shared and have an awareness of interconnections between
their actions and their neighbours. These individuals are
more supportive of regulation (Janota and Broussard, 2008;
Quartuch and Beckley, 2014). In contrast, those who hold
an individualist worldview see individuals as responsible
for their own decisions and success and are less supportive
of environmental regulation (Fischer, 2009). In terms of
flood mitigation, soft-engineering, or natural approaches
seem to be more preferred by individuals who place a
higher value on the welfare of others than those who are
focused on self-enhancement (Glenk and Fischer, 2010)
and people’s preferences for natural over structural flood
management stem from a feeling of obligation or responsi-
bility to help neighbouring communities at risk of flooding
(Howgate and Kenyon, 2009). Willingness to implement
natural flood mitigation is also related to concerns about
expectations of shared responsibility across the watershed
(Holstead et al., 2015).
In summary, the different theoretical approaches that

have been used to investigate landowner views on flood
mitigation have not been connected. Our research inte-
grates across theoretical approaches to investigate how
landowner flood mitigation objectives, appraisals of flood
mitigation strategies, and governance values combine to
determine their perspectives on flood mitigation, including
whether or not they are likely to support IFRM. In doing
so, we explicitly recognise heterogeneity among landowners
and use the individual rather than the community as the
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unit of analysis. We also recognise that flood mitigation
strategies do not necessarily occur in isolation and land-
owners may support implementation of more than one
strategy. Thus our analysis provides a more comprehensive
look at the multi-faceted nature of landowner perspectives
than has previously been provided.

Study area and approach

To investigate landowner perspectives on IFRM and the
drivers of those perspectives, we conducted a survey of
riparian landowners in the Massachusetts portion of the
Deerfield River Watershed (Figure 1). The study area,
which includes over 777 km2 of primarily rural land, is
home to approximately 30 000 residents whose livelihoods
are based mainly on agriculture, timber, tourism, and man-
ufacturing. The river main stem and its tributaries are con-
fined by steep valleys in the uplands areas yet have a flatter
and more open downstream topography. The study area
has a long history of floods that have altered the physical,
political, and economic landscapes. Most recently, during
Tropical Storm Irene, landslides, riverbank failures, river-
bed incision, and sedimentation caused substantial damages
to roads, bridges, culverts, parks, croplands, houses, busi-
nesses, and hospitals. Townships in the Deerfield River
Watershed experienced more damage during and after the
storm than any other township in Massachusetts (Gartner
et al., 2015; Magilligan et al., 2015; Northeast States Emer-
gency Consortium, 2015)

Our analysis of landowner perceptions of flood manage-
ment approaches is based on a mail survey of riparian land-
owners in the 10 of the 17 townships in the Deerfield River
Watershed that suffered the most damage from Tropical
Storm Irene (Milman et al., under review). Semi-structured
interviews that were conducted used to guide the survey
design. Thirty-eight private riparian landowners were iden-
tified from tax assessor data using a random stratified sam-
pling strategy. Interviewees were asked about prior and
expected flood impacts, flood mitigation strategies
employed by the property owner and by the town, and
responsibilities for flood protection (Milman and Warner,
2016). These data ensured the survey encapsulated the
range of perspectives on flood management held by land-
owners in the study area. The mail survey was developed
and implemented following Dillman’s Tailored Design
Method (Dillman et al., 2014). Private non-incorporated
riparian landowners were identified by overlaying tax asses-
sor data from Mass GIS (Massachusetts Executive Office for
Administration and Finance, 2015) with FEMA floodplain
maps. Survey recipients were randomly selected from the
population of landowners with properties within the FEMA
Flood Zone ‘A’ or within 30.5-m riparian buffer zones.
The mail survey catalogued the impacts of past floods

and rural landowners’ experiences with and opinions
regarding flood mitigation strategies on their land and
across the watershed as a whole. The survey also collected
parcel and demographic data. The survey response rate was
42.3%, with 463 of the 1093 landowners in the sample pop-
ulation returning valid questionnaires. More than 55% of

Town in Study Area

Deerfield River Watershed

Riparian Parcels Identified

0 5 10 Kilometers

Figure 1 Deerfield River Watershed, Massachusetts. Shading indicates towns included in the study: Ashfield, Buckland, Charlemont,
Colrain, Conway, Deerfield, Hawley, Rowe, and Shelburne.
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respondents reported flood-induced damage; 27% said that,
compared to other concerns about their property, floods
are either a big or the most pressing concern; and of the
45% who have not previously been impacted by floods, over
50% expect to experience some kind of flood damage in the
future. Milman et al. (in review) provide a detailed sum-
mary of the survey data.
In order to gain a comprehensive understanding of land-

owner perspectives on strategies for flood management, the
survey data were analysed in multiple stages. A confirma-
tory factor analysis (CFA) was performed to examine how
landowners distinguish between flood mitigation activities
and whether the items in the survey reliably measure those
distinctions. Using the results from the CFA, multiple
regression analyses were utilised to examine the contextual
and attitudinal variables that are predictive of landowner
preferences for flood mitigation strategies. Finally, cluster
analyses were performed to explore how preferences for
management strategies combine and co-occur in the opi-
nions and attitudes of landowners.

CFA: landowner interpretation of flood
mitigation strategies

Survey results indicate that landowners hold heterogeneous
views of flood mitigation strategies. Individual landowners
view some flood response strategies as appropriate and
others as inappropriate. Further, there are predictable pat-
terns in how a landowner views multiple flood mitigation
strategies. For example, a landowner who thinks channel
armouring is an appropriate response to flooding is likely
to respond favourably to straightening the river channel.
This is because the landowner interprets these strategies as
having similar characteristics. Drawing on the aforemen-
tioned literature on utility maximisation, protection-
motivation and government values, as well as our interview
data analysis (Milman and Warner, 2016), we hypothesised
that landowner support or opposition to flood mitigation
strategies is based on their support or opposition to the
underlying policy and physical pathways through which
those strategies reduce flood risks.
These pathways can be described as comprised of four

factors (Table 1). Two factors are related to the responsibil-
ity and domain of government: (1) government assistance
to help landowners address flood risks (Flood Assistance),
(2) government regulation of landowner actions (Regula-
tion). Flood Assistance includes any form of financial, tech-
nical, or other support provided to landowners while
Regulation refers to legal rules or directives that dictate or
constrain the actions landowners undertake on their prop-
erty. The other two factors are related to the efficacy of dif-
ferent physical mechanisms for flood risk mitigation,
(3) human intervention in riverine processes (River Process

Modification), and (4) restrictions on human development
that affects natural processes (Limiting Floodplain Develop-
ment). River Process Modification includes actions within
the riparian area that seek to directly alter flows or geomor-
phic processes, such as dredging, channel modification, or
channel armouring. Limiting Floodplain Development refers
to preventing encroachments in the floodplains that may
serve to block flows or impede natural riverine processes.
To statistically test our hypothesis that landowners see

flood mitigation strategies as comprised of four factors
(i.e. latent variables) and whether or not those factors are
reliably measured by the survey items in the data set
(i.e. observed variables), CFA was performed using LISREL
8.7 (Jöreskog and Sörbom, 2004; for an explanation on
CFA see Brown and Moore, 2012); for an example of the
use of CFA in a similar context, see Graham et al., 2014).
All four specified factors were allowed to correlate and were
scaled by setting their variances to one. Table 1 displays the
list of survey items used to measure the four factors and
the reliability estimates for each of the four factors. For
additional details on the CFA model see Appendix S1, Sup-
porting Information.
The model is a good fit to the observed data,

χ2(72) = 186.09, P < 0.001, Root Mean Square Error of
Approximation (RMSEA) = 0.06, Confirmatory Fit Index
(CFI) = 0.96, confirming that landowners indeed view the four
hypothesised factors as distinct and that the survey items can
be used to reliably measure them. The CFA model also identi-
fies relationships between the four factors. Landowners who
believe the government should assist landowners in addressing
flood risks (Flood Assistance) are likely to also support flood
mitigation strategies involving human intervention in riverine
processes (River Process Modification); while landowners who
believe that government regulations of landowner actions (Reg-
ulation) should be a part of flood mitigation are likely to sup-
port restrictions on human development that affects natural
processes (Limiting Floodplain Development). There is no cor-
relation between the support for government flood assistance
(Flood Assistance) and government regulation (Regulation); this
paradox has been shown to exist in other high-profile, flood-
prone areas and in flood mitigation policy (Burby, 2006).
Lastly, landowners who support regulation (Regulation) and
restrictions on human development that affects natural pro-
cesses (Limiting Floodplain Development) are less likely to
support human intervention in riverine processes (River Proc-
ess Modification).

Regression analyses: drivers of landowner
support for each of the four factors of flood
mitigation

Having identified the four factors used by landowners when
interpreting flood mitigation strategies, analyses were
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performed to predict landowners’ support (or opposition)
to each of them based on a combination of contextual and
attitudinal variables. Contextual variables were included to
determine how a landowner’s socio-economic circum-
stances and perception of risk influences attitudes towards
flood mitigation activities. Contextual variables included
demographic information on education and whether the
land was purchased for affordability (proxy for income),
land use, and flood risk.
Attitudinal variables were included to determine how a

landowner’s underlying views on environmental govern-
ance influence support for flood mitigation activities. We
draw on prior research that indicates preferences for con-
crete policy options are informed both by worldviews
regarding interactions between humans and by worldviews
regarding the relationship between humans and nature
(Fischer, 2009). From this, attitudinal variables were
selected to represent whether a landowner holds a collectiv-
ist versus individualist worldview and whether a landowner
holds an environmentalist versus an anthropocentric
worldview (Table 2). As an individual’s worldviews are

nuanced and preferences are situation-specific (Glenk and
Fischer, 2010; Flint et al., 2013), rather than using broad-
based philosophical measures, we measure landowner
worldviews based on their answers to survey questions spe-
cific to the locational and social context of our study. The
variables included in the regression analyses along with an
explanation for their inclusion are shown in Table 2. The
survey items used to measure these variables and summary
statistics for those survey items are included in Table A2.1
of Appendix S2 .
To analyse the relationship between each of the four fac-

tors of flood management and contextual and attitudinal
variables, a score representing each survey respondent’s
support for each of the four factors was computed. These
scores range from complete opposition (score of −2) to
complete support (score of +2). Regression analyses to pre-
dict landowner support (or opposition) to each of the four
factors were then performed using SAS 9.4. Table 3 displays
the full models including standardised and unstandardised
regression coefficients. Due to missing data points for some
landowners, sample sizes differ across the four analyses.

Table 1 Survey items measuring each of the four factors of flood mitigation

Factor Composite reliability Survey items*

Flood Assistance 0.83 1. It is primarily the responsibility of individual landowners
to protect their land from floods.†

2. The government should provide assistance to
landowners located in areas that experience frequent
flooding.

3. The government should provide assistance to
landowners in advance of a flood event to help them
protect against future impacts.

4. The government should provide assistance to
landowners as they rebuild or restore their land after a
flood event.

Regulation 0.69 1. Governmental regulations usually produce good results
for landowners.

2. Government is needed to settle disputes among
property owners.

3. The government should be able to regulate how
landowners use their land in order to address flooding.

River Process Modification 0.76 1. The government should armour stream banks using
engineering strategies, such as rip-rap or concrete.

2. The government should straighten or move the river.
3. The government should clean debris and remove

logjams.
4. The government should dredge rivers regularly.
5. The government should let rivers run their course;

restrict additional human intervention in the river bed
and surrounding areas.†

Limit Floodplain Development 0.78 1. Restrict use of land designated as floodplain.
2. Restrict all new developments on land designated as

floodplain.

*Table A1.1 of Appendix S1 contains summary statistics for each survey item used in the confirmatory factor analysis.
†The survey questions for these items were phrased such that agreement with the survey question represents opposition to the latent variable; hence, the fac-

tor loadings have negative signs.
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Reduced models that only include the variables identified
as significant predictors in the full models are included in
the Table A2.2 of Appendix S2.
Landowner support for Flood Assistance is predicted pri-

marily by the contextual variables evaluated. Landowners,

who possess a bachelor’s degree or higher, are less support-
ive of flood assistance while landowners who said afforda-
bility was important to their decision to purchase their land
and those who use their land in the Deerfield River Water-
shed for their primary residence are more supportive of

Table 2 Variables regressed on each of the four factors of flood mitigation

Category Justification for inclusion Variable name Survey question

Demographic (Schaaf and Broussard, 2006;
Janota and Broussard, 2008;
Fischer, 2009; Hornsey
et al., 2016)

• Education • What is the highest degree or level
of education you have completed?

• Purchased land for
affordability

• How important is affordability for
why you currently own land in
Western Massachusetts?

• Primary residence • Do you use this land as a primary
residence?

Land use (Janota and Broussard, 2008;
Kenyon et al., 2008; Scolobig
et al., 2008; Holstead et al.,
2015; Rouillard et al., 2015;
Milman and Warner, 2016)

• Agriculture • How important are agriculture,
timber, or game as reasons for why
you currently own land in Western
Massachusetts?

• Recreation • How important is recreation as a
reason for why you currently own
land in Western Massachusetts?

• Environmental
protection

• How important is environmental
protection as a reason for why you
currently own land in Western
Massachusetts?

• Investment • How important are investment
reasons for why you currently own
land in Western Massachusetts?

Flood risk (Grothmann and Reusswig,
2006; Kenyon et al., 2008;
Bubeck et al., 2013; Becker
et al., 2014; Buchecker et al.,
2016; Milman and
Warner, 2016)

• Length of ownership • How long have you, personally,
owned this land in Western
Massachusetts?

• Prepared for floods • Overall, how prepared are you to
recover from future flood events?

• Past erosion • Looking back at past flood events,
to what degree did you experience
erosion damage on your land?

• Future damage • How likely do you think it is that
there will be extensive flood
damage to your land during the
next 5 years?

Collectivist worldview (Janota and Broussard, 2008;
Terpstra and Gutteling, 2008;
Howgate and Kenyon, 2009;
Butler and Pidgeon, 2011;
Box et al., 2013; Hornsey et al.,
2016; Milman and Warner,
2016; Offermans and
Valkering, 2016)

• Watershed approach • Indicate extent of agreement: Flood
mitigation measures that benefit
the larger community should be
chosen even if they make certain
individuals worse off.

• Responsible for
neighbours

• Indicate extent of agreement: I am
responsible for ensuring actions I
take on my land do not reduce the
capacity of my neighbours to
respond to floods

Environmentalist versus
anthropocentric worldview

(Zaugg, 2002; Janota and
Broussard, 2008; Lara et al.,
2010; Tam and McDaniels,
2013; Buchecker et al., 2016;
Milman and Warner, 2016;
Offermans and
Valkering, 2016)

• Prioritise protection of
environment or
protection of human
systems

• How should Massachusetts prioritise
its goals for river management?
(Environmental versus human
protection)
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flood assistance. Landowner support for flood assistance
also increases with expectations for future flood damage
and decreases with confidence in their preparedness for
flood events. Attitudinal variables were not significant pre-
dictors of landowner perspectives on flood assistance.
These effects were significant in both the full regression
model, as well as the reduced model, with the exception of
education, which was only marginally significant in the
reduced model.
Landowner support for Regulation is predicted by both

the contextual and attitudinal variables evaluated. In terms
of contextual variables, holding a bachelor’s degree or
higher is associated with greater support for regulation
while having experienced past erosion damages is associ-
ated with lower support for regulation. In terms of attitudi-
nal variables, landowners with a more anthropocentric
worldview are less supportive of regulation than land-
owners with a more environmental worldview, while land-
owners with a more collectivist worldview are more
supportive of regulation than landowners with a more indi-
vidualist worldview.
Landowner support for River Process Modification is also

predicted by both the contextual and attitudinal variables
evaluated. Landowners who possess a bachelor’s degree or
higher are less supportive of river process modification
while landowners who purchased their land as an invest-
ment or who use their land for their primary residence
(marginally significant) are more supportive of river

process modification. Flood risk also matters: landowner
support for river process modification increases with expec-
tations for future flood damage and with greater length of
ownership (marginally significant). Landowner support for
river process modification decreases with their sense of pre-
paredness for future flood events. In terms of attitudinal
variables, landowners with a more anthropocentric world-
view are more supportive of river process modification
while landowners with a more environmentalist worldview
and landowners with a more collectivist worldview are less
supportive of river process modification.
Landowner support for Limiting Floodplain Development

is also predicted most strongly by the attitudinal variables
evaluated, though contextual variables also have an influ-
ence. In terms of contextual variables, owning the land for
the purpose of protecting the environment leads to greater
support for limiting development while past erosion dam-
age leads to less support for limiting development. In terms
of attitudinal variables, landowners with a more anthropo-
centric worldview are less supportive of limiting floodplain
development while landowners with a more environmen-
talist worldview and landowners with a more collectivist
worldview are more supportive of limiting floodplain
development.
In comparing across the models, several findings stand

out. The first is that education has a significant influence
on landowner perspectives on three of the four factors of
flood mitigation. Landowners who have attained higher

Table 3 Regression models predicting landowner support for each of the four factors of flood mitigation

Flood Assistance Regulation
River Process
Modification

Limiting Future
Development

Full model (n = 282) Full model (n = 282) Full model (n = 282) Full model (n = 282)
Adjusted R2 = 0.14 Adjusted R2 = 0.32 Adjusted R2 = 0.30 Adjusted R2 = 0.20
b SE B b SE B b SE B b SE B

Demographic
Education −0.26* 0.13 −0.13 0.26* 0.11 0.13 −0.28** 0.11 −0.14 0.08 0.12 0.04
Purchased Land for Affordability 0.10* 0.04 0.13 0.03 0.04 0.04 0.04 0.04 0.05 0.02 0.04 0.03

Land use
Primary residence 0.49** 0.16 0.17 0.09 0.13 0.04 0.24 0.14 0.08 0.19 0.15 0.07
Agricultural land use −0.03 0.04 −0.04 −0.04 0.03 −0.06 −0.02 0.04 −0.04 −0.04 0.04 −0.07
Recreational land use 0.02 0.05 0.03 0.05 0.04 0.07 −0.03 0.04 −0.04 −0.01 0.04 −0.02
Environmental protection 0.06 0.06 0.07 0.05 0.05 0.06 −0.03 0.05 −0.03 0.12* 0.05 0.15
Investment 0.01 0.04 0.02 −0.03 0.04 −0.05 0.08* 0.04 0.12 −0.06 0.04 −0.09

Flood risk
Length of ownership <0.01 <0.01 −0.01 <0.01 <0.01 0.04 0.01 <0.01 0.09 <0.01 <0.01 0.06
Prepared for floods −0.14* 0.06 −0.13 −0.06 0.05 −0.06 −0.11* 0.06 −0.10 −0.06 0.06 −0.05
Past erosion 0.05 0.10 0.03 0.26** 0.09 −0.18 0.13 0.09 0.08 −0.26** 0.09 −0.18
Future damage 0.18** 0.06 0.21 0.04 0.05 0.06 0.13** 0.05 0.15 0.09 0.05 0.11

Collectivist worldview
Watershed approach −0.02 0.05 −0.02 0.32** 0.05 0.37 −0.12** 0.05 −0.14 0.22*** 0.05 0.25
Responsible for neighbours 0.06 0.07 0.05 0.11 0.06 0.1 −0.07 0.06 −0.06 0.15* 0.06 0.13

Environmentalist versus anthropogenic
worldview

0.03 0.03 0.07 −0.09*** 0.02 −0.21 0.14** 0.02 0.31 0.09*** 0.03 −0.21

*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
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levels of education are more supportive of Regulation and
less supportive of Flood Assistance and River Process. The
second is that, with the exception of primary residence and
Flood Assistance, landowner perspectives do not seem to
vary by land use. Thirdly, concern about flood impacts

matters. Generally landowners who are more concerned
about future impacts are more supportive of River Process
Modification and Flood Assistance, yet landowners who
have experienced past erosion damages are more support-
ive of Regulations and Limiting Floodplain Development.
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Figure 2 Landowner perspectives on flood mitigation strategies. Landowners were grouped into five categories based on patterns in
their degree of support or opposition to each of the four factors of flood mitigation. Longer bars indicate greater support or opposition.
The number of landowners in each category is listed along with the category name at the bottom of the chart. Table 4 describes these
categories qualitatively.

Table 4 Landowner perspectives on flood mitigation strategies

Cluster name (number of survey
respondents) Perspectives on flood mitigation

Non-interventionist (n = 49) These landowners have a laissez faire attitude towards flood mitigation. They see little need for
action to address flood risks and are opposed to government intervention.

Flood defence (n = 70) These landowners are likely to favour flood-defence over integrated flood risk management. They
are strongly opposed to regulation and to limiting floodplain development, likely due to
concerns about private property rights. However, they view government as responsible for
protecting private property and for assisting landowners and support the use of engineering and
other interventions in riverine processes to reduce flood risks.

Moderated flood
defence (n = 138)

These landowners are likely to favour flood-defence over integrated flood risk management,
though are moderate in their opinions and recognise that encroachment in floodplains can
increase flood risk across the watershed.

Development-centric
IFRM (n = 109)

These landowners are likely to support integrated flood risk management, though recognise the
challenge of balancing needs across the watershed. They view management of land use practices
at the watershed-scale as the ultimate solution but are sympathetic to risks posed to existing
development. Thus while they support government assistance for landowners, regulation, and
limiting floodplain development, they are only moderately opposed to human intervention in
riverine processes.

Environment-centric
IFRM (n = 92)

These landowners are likely to support integrated flood risk management and favour letting nature
run its course. They view management of land use practices across the watershed-scale as the only
solution and are willing to allow damage to existing development in order to reduce risks over
the long term.
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Lastly, attitudinal variables related to collectivism versus
individualism and environmental versus anthropocentric
worldviews are particularly important for predicting sup-
port for Regulations and Limiting Floodplain Development.

Cluster analysis: co-occurrence of support for
the four factors of flood mitigation

The four factors used by landowners to interpret flood mit-
igation are not mutually exclusive; rather they can be con-
currently implemented. Moreover, landowners may
support or oppose more than one. To understand how the
four factors combine in the minds of landowners, we con-
ducted a cluster analysis. This analysis grouped landowners
based on similarities in their support and opposition to the
four factors. Groups were identified using a k-means clus-
tering approach and PROC FASTCLUS in SAS 9.4. The
analysis was run multiple times with the data randomly
sorted during each run to produce alternative solutions.
There was a high degree of similarity across the alternative
solutions in how landowners were clustered. The selected
solution converged in 10 iterations.
Results from the cluster analysis indicate the four factors

combine in the minds of landowners in five differing ways,
or, phrased differently, landowner perspectives can be cate-
gorised as falling into one of five groups. Figure 2 depicts the
degree of support or opposition to each of the four factors of
flood mitigation for each group and Table 4 provides a quali-
tative description of the perspectives of landowners in each
category. While all combinations of support and opposition
to the four factors of flood mitigation exist, support or oppo-
sition to Regulation and Limiting Floodplain Development
and support or opposition to Flood Assistance and River
Process Modification tend to covary, while support or opposi-
tion to River Process Modification tends to have a reciprocal
relationship with Limiting Floodplain Development. While
these correlations were also identified via the CFA analysis,
the clustering develops a typology of landowner perspectives.
The patterns of support and opposition to each of the

four factors within each category also point to how that
group of landowners is likely to respond to IFRM. The
non-interventionist landowners are staunchly opposed to
all four of the factors. The Flood Defense landowners sup-
port River Process Modification and are opposed to Regula-
tion and Limiting Floodplain Development and thus likely
favour a flood defence rather than an IFRM approach to
flood mitigation while the Moderate-Flood Defense land-
owners support River Process Modification, are opposed to
Regulation, yet moderately support Limiting Floodplain
Development and thus would prefer a strategy that incorpo-
rates elements of both flood defence and IFRM. The
remaining two categories of landowners both are likely sup-
portive of IFRM, though the Environment-Centric IFRM

landowners are more strongly opposed to Flood Assistance
and to River Process Modification, suggesting those land-
owners believe more strongly that humans should move
away from rivers and let nature run its course.

Discussion

Landowner support is essential for the success of IFRM, yet
we do not have a robust understanding of why and in what
ways individual landowners support or oppose IFRM. Our
study of landowner perspectives on flood risk management
in the Deerfield River Watershed shows that flood risk
management cannot be understood by relying on utility
maximisation, protection-motivation, or governance the-
ories in isolation. Rather, we must consider how the key
aspects of cognition each of those theories highlights (eco-
nomics, psychology, and worldviews) combine to influence
an individual’s support or opposition to flood risk manage-
ment strategies.
For example, our analysis shows that landowners con-

sider the physical pathways through which flood mitigation
strategies provide protection as distinct from the policy
pathways used by government to implement those strate-
gies. This finding suggests adaptation appraisal, a key con-
sideration of protection-motivation theory, inherently
encompasses consideration of government values as well as
the flood mitigation strategy itself. If landowners perceive
government regulation as ineffective, they will be less likely
to support flood mitigation strategies that hinge upon regu-
lations, regardless of the physical pathway (Holstead et al.,
2015). Similarly, if landowners assumes flood management
entails actions that affect river behaviour rather than actions
that influence the human-environmental relations that pro-
duce risk, and they will be less supportive of policies such as
Limiting Floodplain Development (Cook et al., 2016). By
more explicitly considering how landowners evaluate both
the physical and the policy pathways, we can develop more
nuanced understandings of exactly what aspects of flood
mitigation strategies landowners view as effective.
Our research also builds on research that have shown

that landowner expectations of government shapes support
or opposition to flood mitigation policies (Chamlee-Wright
and Storr, 2010) by demonstrating that landowners see
Flood Assistance as unique to Regulation, and their support
for each of the two factors is uncorrelated. This distinction
points to the fact that landowners do not simply support or
oppose government involvement in flood protection;
rather, they hold more nuanced views of social contracts in
relation to floods. It also reflects that individuals can hold
contradictory views, and often expect government to miti-
gate their risks while limiting the actions government can
take to provide those services.
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Additionally, our analyses indicate that support or opposi-
tion for Flood Assistance, Regulation, River Process Modifica-
tion, and Limiting Floodplain Development is predicted not
only by the contextual variables representing the landowner
and the particular risks that landowner faces, but also by atti-
tudinal variables representing that landowner’s worldviews.
In terms of contextual variables, our analysis supports find-
ings from prior research that shows support for government
policies is related to education (Schaaf and Broussard, 2006)
and yet challenges the tendency to stereotype landowners
based on land use (Arneth et al., 2014). Our findings also
support research that shows landowners who have previously
experienced flood damages or who expect future flood
impacts support different types of flood mitigations strategies
compared to landowners who expect lesser flood impacts
(Kenyon et al., 2008; Adger et al., 2012; Buchecker et al.,
2016), yet our results also point to important nuances. While
utility maximisation and protection-motivation theories
would lead us to expect erosion damage to predict support
for Limiting Floodplain Development because protecting
floodplains can reduce erosive energy in rivers, our results
reveal the opposite for many landowners in the Deerfield
Watershed. This finding may reflect concern among land-
owners that Limiting Floodplain Development will prevent
them from engaging in individual practices on their land that
could protect them from future erosion. In this case, land-
owner utility and flood risk mitigation must be understood
within the context of their attitudes towards governance.
In terms of attitudinal variables, our study finds collectivist

versus individualist and environmental versus anthropocen-
tric worldviews have greater predictive power than contextual
variables among our study population. However, such attitu-
dinal variables have received scant attention in the flood risk
management literature. As studies have found contextual
variables alone often cannot explain what leads some indivi-
duals to support certain flood mitigation strategies while
others do not (Bracken et al., 2016), it may be that these atti-
tudinal variables are indeed the largest driver of landowner
opinions. Thus there is a strong need for further developing
theoretical understandings of the drivers of attitudes, better
mechanisms for predicting attitudes, and outreach and policy
that explicitly recognises and addresses attitudes.
Lastly, our analysis highlights variation in how support

or opposition for differing physical and policy pathways for
flood mitigation combine. In the study area, two clusters of
landowners both support Limiting Floodplain Development
and are opposed to River Process Modification, and thus
ostensibly would support IFRM. Yet those groups of land-
owners vary in their support for Assistance and thus their
support for IFRM may well depend on how policies for
promoting IFRM are designed. To our knowledge, there are
no studies that have sought to determine the relationship
between support for physical and for policy pathways for

flood mitigation. As such, additional research is needed to
identify cognitive processes or considerations that explain
or can predict why landowners fall into each cluster.

Conclusion

Our research in the Deerfield River Watershed reveals that
principles embedded in IFRM may themselves impede its
implementation. Successful IFRM requires coordinating
actions across the watershed and thus is predicated on the
support of private property owners. Yet the impacts of
IFRM are not equal across landowners, and landowners
hold a plurality of perspectives on IFRM. In seeking to
minimise costs of damages across the watershed, an IFRM
approach to flood mitigation presumes there is a widely
understood, transparent, and accepted prioritisation of par-
ticular strategies for flood management. Landowners who
own floodplain land have the potential to implement natu-
ral flood mitigation measures on their property are asked
to assume risks or to take on changes in their land-use
practices in order provide flood protection for others. In
addition to the common IFRM critiques of uncertainty in
our understanding of flood risk (Faulkner et al., 2007), fail-
ures in estimating the values and impacts of floods to dif-
ferent stakeholders (Hall et al., 2003), or ineffective
compensation for those asked to assume risks (Thieken
et al., 2007), our research shows that there is a fundamental
disagreement among landowners about the role for govern-
ment in flood mitigation, which can impact the develop-
ment and implementation of IFRM policies.
We thereby argue that flood mitigation policies need to

incorporate a multifaceted understanding of landowner
perspectives. More research is needed to advance the goal
of reducing flood risks. Improved understandings of differ-
ences in landowner worldviews and understandings of river
processes and how they influence support for flood mitiga-
tion strategies and management actions on their own prop-
erty is needed to identify potential conflict and to develop
policies that minimise it. This research should investigate a
variety of flood contexts to understand the role of geogra-
phy, culture, and history on landowner perspectives and
should also explore how outreach or dialog can influence
landowner views. In addition, equity considerations need to
be addressed, particularly when productive floodplain land
uses (typically rural-based) are marginalised to provide
security to prioritised land uses (typically urban and envi-
ronmental protection). We must improve our understand-
ing of if and how mechanisms can be developed to better
compensate landowners who reduce the risks across the
watershed by experiencing increased flood risk to their
property. We also need to understand how governance
values influence acceptance of compensation mechanisms.
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These difficult research agendas are interdisciplinary and
based in the social sciences but cannot be accomplished
without an understanding of flood risk that resides in disci-
plines of fluvial geomorphology, hydrology, and meteorol-
ogy. We are hopeful that such collaborations may minimise
the creation of winners and losers among landowners, and
will reduce flood risks and protect river ecosystems for
future generations.
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