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Inland flooding is one of the most damaging natural hazard events each year in New 

Hampshire and the United States, the risk of which can be influenced by changes in 

land use and climate. Initiatives toward climate adaptation are increasingly interested 
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and adaptation alternatives and the perceived value of ecosystem-based projects in 

these selections. This was completed through a four-step process that included: 1) 

identification of issues and stakeholder groups, 2) stakeholder engagement and value 

gathering, 3) construction of decision scenarios and project matrices, and 4) workshop 

implementation and evaluation. We find that attributes of effectiveness and 

environmental impact are most important to consider in comparing flood mitigation 

and adaptation alternatives by stakeholders engaged here. While ecosystem services 

were not always the most highly valued aspects of different alternatives, we found 

strong preference for some ecosystem-based flood mitigation and adaptation methods 

such as soft-bank stabilization techniques and wetland conservation. We conclude that 

for ecosystem-based flood preparation options to be selected at the municipal level, 
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experiences from recent and highly damaging flood events in New Hampshire and 
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Chapter 1: Introduction of Research and Background Literature 
 

Within the Northeastern United States the impacts of climate change are expected to 

include greater annual precipitation, much of which may come from intense storm events. 

While exact impacts are uncertain, the risk of flood in this already wet region is predicted to 

rise (Horton et al. 2014). To best address flood vulnerabilities, efforts must draw on expert 

input, local knowledge, and stakeholder engagement to “discuss, analyze, and then determine 

which adaptation strategies to implement based on a community’s specific vulnerabilities to 

climate change and local economic, environmental, and social conditions” (Wake et al. 2014). 

Herein lies an obstacle; how to best incorporate valuable local knowledge into adaptation 

planning, and account for preferences of local authorities, organizations, and general 

concerned citizens in decision-making processes? In a review of local, regional, and state 

decision makers, Brody et al. (2013) identified a low level of consideration for climate 

adaptation in policy-making and planning agendas. This suggests a need for improved 

engagement with local level-decision makers in addressing adaptation objectives. 

In promoting adaptation to rising flood risks, initiatives must be selected from an 

array of structured and non-structured, as well as natural and human-engineered alternatives. 

Ecological processes and infrastructure can provide various flood regulating benefits, referred 

to as ecosystem services. Wetlands and riparian habitats are often cited as reducing flood stage 

and stabilizing waterways, valuable hazard mitigation services. The stocks of natural resources 

that underpin those ecosystems can be thought of as natural capital (Kousky 2010). Use of 

natural capital in meeting adaptation needs is intriguing from an ecological and economic 

standpoint. In a global landscape under increasing pressures by land development, resource 

demands, and loss of biodiversity, there is growing international interest in the use of 

ecosystem-based projects. Concepts such as Building with Nature (van den Hoek et al. 2014), 

and ecosystem-based adaptation (Munang et al. 2013) are based on valuing natural 

infrastructure and ecosystem services as means of meeting adaptation needs. Touting the 

human community benefits of maintaining ecosystem functionality, such as flood mitigation 

and water quality maintenance, can provide a compelling argument for ecosystem-based 

projects. Moreover, by highlighting the use of natural capital that freely exists and provides 
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multiple benefits, the concept of ecosystem-based projects can appeal to those acting under a 

cost-benefit framework.  

This thesis focuses on the local level decision-making piece of climate adaptation in a 

flood prone region of the Connecticut River watershed in New Hampshire and Vermont. 

Using a method of multicriteria decision analysis, we develop a workbook tool to introduce 

stakeholders to four scenarios of flood vulnerability, and guide them through a decision 

process for assessing alternatives and selecting a most preferred option for addressing each. 

Testing preference for both traditional structured options (bank armoring, flood control dams, 

etc.) and ecosystem-based options (soft-bank stabilization, wetland conservation, etc.), we 

seek to understand if municipal and regional level decision-makers and stakeholders hold 

preferences for some types of flood mitigation and adaptation alternatives, and what aspects of 

those alternatives may drive such preferences. 

 

Adaptation Needs 

Themes of adaptation have been included with discussion on climate change 

mitigation, planning, and disaster risk reduction for over two decades (Adger et al. 2009, 

Fussel 2007, Thomalla et al. 2006). The 1992 United Nations Framework Convention on 

Climate Change identified adaptation to climate change in food production, ecosystem health, 

and economic development as the Convention’s ultimate objective. Adaptation has seen 

growing attention more recently, however, as the effects of sea level rise, warming 

temperatures, natural hazards, and resource constraints become increasingly real (Adger et al. 

2009, Brody et al. 2010). Dialogue on climate adaptation now spans the national to 

community level, encompassing topics of vulnerability, adaptation process, and consideration 

of biophysical and socioeconomic factors (Preston et al. 2011). Discussion on climate change 

has included themes in adaptation planning, vulnerability assessment, and disaster risk 

reduction for over two decades (Adger et al. 2008, Fussel 2007, Thomalla et al. 2006). 

Dialogue on climate adaptation spans the national to community level, encompassing topics of 

vulnerability, adaptation process, and consideration of biophysical and socioeconomic factors 

(Preston et al. 2011). Updates in United States federal agency planning procedures have 

incorporated climate adaptation, as well as ecosystem services into formal considerations. 

Since 2009 all U.S. federal agencies have been required to identify vulnerabilities to climate 

change and subsequently identify means of addressing them in climate action plans (EO 

13514). The Principles, Requirements, and Guidelines for Water and Land Related Resources 
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Implementation Studies was updated in 2014, and now requires that agency actions involving 

water resources consider economic, environmental, and social benefits, alongside local needs 

in decision making (CEQ 2014). Updated guidelines push for a ‘larger picture’ view of natural 

resource and land management practices, and provide a means of formally considering diverse 

criteria in project decisions. Such considerations will play a notable role in adaptation efforts, 

many of which involve water resources.  

 

1.1 Recognizing the Role of Ecosystems in Adaptation Efforts  

  

Impacts of climate change are emerging across the Earth’s ecosystems, and its 

changes to these systems that impact human livelihoods (Parmesan, C. 2006). At the 2012 

Rio+20 United Nations Conference on Sustainable Development, governments and businesses 

from around the world recognized ecosystems as the core element for addressing climate 

change impacts (Munang et al. 2013). The concept of ecosystem-based adaptation (EBA) 

emerges from this and rests upon linkages between human well-being and ecosystem 

components and functions. EBA is defined as “the use of natural capital by people to adapt to 

climate change impacts, which can also have multiple co-benefits for mitigation, protection of 

livelihoods and poverty alleviation” (Munang et al. 2013). Co-benefits are those useful or 

desirable outcomes of an action that aren’t necessarily the primary objective. For example, 

preserving a floodplain forest for mitigation benefits could provide co-benefits such as 

enhanced recreational and educational opportunities, conserved wildlife habitat, and economic 

opportunities in addition to the primary intended benefits of flood mitigation (Kousky 2010).   

 EBA measures have been described as ‘no-regret’ alternatives, often providing 

adaptation gains along with a suite of co-benefits more cost-effectively and less intrusively 

than built alternatives (Munang et al. 2013, Thieken et al. 2014). In practice however, the 

ecosystem service benefits inherent to EBA projects may be difficult to perceive, and prone to 

escaping consideration by decision makers. This can lead to an under-valuing of EBA 

alternatives even where they may offer best choice alternatives. As diverse stakeholder 

participation will be important to meeting adaptation needs, the question arises as to how 

diverse stakeholders and decision-makers perceive and evaluate EBA flood measures when 

compared with built alternatives. Such a question is necessary to ask, as even where technical 

ability for EBA projects exists, a gap in understanding of such projects by those implementing 

them could result in the benefits of such projects going unrealized.   
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Preparing for floods along coasts and rivers comprises much of the prescribed 

adaptation needs for the Northeastern U.S. (Horton et al. 2014). Initiatives may utilize a range 

of built approaches such as reinforced waterways, levees, dams, and stormwater infrastructure. 

Also available is a spectrum of non-structural, or soft strategies, that depend upon wetland or 

floodplain ecosystems, natural reservoirs, and land planning and regulatory approaches. Some 

of these measures harness services provided by the surrounding environment and ecosystems, 

and are thus categorized as ecosystem-based projects. A means for understanding the cost-

benefit balance, tradeoffs, and community perceptions of these various measures is needed for 

regional and local level decision-making towards climate adaptation objectives.    

1.2 Research Questions and Study Area 

 

Working with communities in the Upper Valley of New Hampshire and Vermont facing rising 

risks of flood and limited community resources, this study aims to: 1) understand if 

stakeholder preferences exist for certain projects in preparing their community for future 

floods, 2) what attributes might drive those preferences, and 3) to test a method of structured 

decision-making with local stakeholders. Developing a multicriteria decision framework with 

analysis in utility theory, we use a research methodology that aims to engage stakeholders and 

test these questions in a region of the Connecticut River watershed owning a history of 

flooding. 

We present this work as two studies: the first explores stakeholders’ actual 

preferences for mitigation and adaptation alternatives, and identifies which attributes are likely 

driving those preferences. The second chapter of this study applies a utility function to the 

decision scenarios, and evaluates the relative utility of each alternative as a function of expert 

assigned performance measures and participant assigned importance values. When taken 

together, these investigations will yield rankings of actual preferences and calculated utility 

values for all alternatives, and provide a discussion on the application of this work to real-

world scenarios. 

 

A Working Framework for Ecosystem Services 

To investigate the ways that communities may adapt to flooding through ecosystem-based 

measures, it is first necessary to identify how ecosystem bestow flood-mitigating benefits. 

While multiple definitions for ecosystem services (ES) exist, the general concept is widely 

agreed upon. In the most basic terms, ecosystem services are the human received benefits of 
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ecosystems (Fisher et al. 2008, de Groot et al. 2010, TEEB 2008). While this is effective for 

conveying the essence of ES, a more detailed framework is necessary for understanding real 

world instances of these services. Initiated by the United Nations in 2001, the Millennium 

Ecosystem Assessment (Assessment) offers an appraisal of the world’s ecosystems and the 

services which they provide. Reflecting the contributions of over 1,360 experts worldwide, the 

Assessment created an organizational framework for ES commonly used today, whereby ES 

are categorized into provisioning, regulating, cultural, and supporting services.  (Fisher et al. 

2008, de Groot et al. 2010, Millennium Assessment 2013, TEEB for Water and Wetlands 

2013). Revised federal principles, requirements, and guidelines include these categorizations 

except for supporting services, which are often considered as regulating.  

 An array of work has been done to create a functional framework for studying ES in 

management situations. In their discussion of the application of economic theory to ES, 

Fisher, B. et al. (2008) suggests that ES are the products of ecosystems that contribute to 

human wellbeing, directly or indirectly. They maintain that ES benefits may flow from any 

level within ecosystem structure, processes, or outcomes. They further suggest that for 

valuation purposes, ES should be delineated between final services (ex; food production) and 

intermediate services (ex; pollination). This distinction avoids double counting errors when 

only the final services are aggregated (Fisher, B. et al. 2008).  

 Using a similar line of thinking, de Groot R.S. et al. underlines the importance of a 

stepwise ecological view of ES. They suggest that an ecosystem’s biophysical properties 

support functions that produce outputs, or services, that contribute to human wellbeing. Those 

outputs and the accompanying human wellbeing benefits are considered as bundles of 

interdependent factors that must be considered together (de Groot et al. 2010). In this sense, an 

ES is a coupling of the actual ecologically provided good or service, and the human benefits 

that are received. Bringing this idea further, Reyers et al. introduces the social-ecological 

systems (SES) approach to understanding ES.  The SES approach incorporates the role of 

social-ecological factors into the production of ES, and then measures the benefits to human 

wellbeing, and the resulting impacts on ecosystem management as a type of feedback loop 

(Reyers et al. 2013). This work is unique in its use of social-ecological factors described as the 

skills, management regimes, and technology involved in ecological functions. This is useful 

when considering flood regulating services because an array of social-ecological factors, such 

as section 404 of the Clean Water Act or dam operations, shape the flow of those services. 
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 While other work (de Groot et al. 2010) bundled ecosystem outputs with their 

resulting human benefits, the SES approach furthers the concept by considering interacting 

services (intermediate and final services) as bundles that produce changes to a bundle of 

human wellbeing benefits. These benefits produce changes to management and policy factors 

that govern the social-ecological factors at the beginning of the process (Reyers et al. 2013). 

This produces a framework that considers the impacts to a single ecological factor as initiating 

an entire suite of social-ecological outcomes, which may cycle back to produce further 

changes in ecological systems (Appendices Figure 1). This framework curtails complications 

in determining ecosystem functions from services by envisioning them as bundles of 

interrelated factors that must be considered together, removing the need for distinction.  

Tying these ideas together this research considers ES as the outflows of ecosystems that 

produce benefits, either directly or indirectly, for human wellbeing. Often these flows are 

identified as co-benefits in decision-making and evaluating alternatives. The SES approach for 

including social-ecological factors (such as floodplain development regulations) is useful here 

for understanding the delivery of ES bundles, and the resulting influences on bundles of 

human wellbeing and policy (de Groot et al. 2010, Reyers et al. 2013). Flows in benefits and 

impacts are precisely what must be considered when making environmental management 

decisions and assessing alternatives. 

 

Including Ecological Infrastructure 

 The ES of interest for this research are those relating to flood mitigation factors in 

river systems. For conceptualizing purposes, flood mitigation can be thought of as a regulating 

ecosystem service. Much of the services considered in flood mitigation are received from 

direct physical components of the landscape, such as floodplains, riverbank structure, and 

floodplain ecological systems (TEEB for Water and Wetlands 2013). Floodplains are 

comprised of the low-lying land areas adjacent to a body of water that are prone to recurring 

inundation (FEMA 2013). By simply existing as a sink for high flow waters the benefits of 

floodplains are received (Fisher, B. et al. 2008). The floodplain can be thought of as natural, or 

ecological infrastructure. When considering EBA flood measures, considerations should be 

focused on the natural infrastructure that underpins an ecosystem just as strongly as it should 

be focused on the received benefits. 
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1.3 Case Study: Natural Valley Storage  

 Use of ecosystems for flood mitigation has previously been investigated within the 

Connecticut River watershed. Since the 1936 Flood Control Act deemed flood control an 

acceptable activity of the federal government, the U.S. Army Corps of Engineers (USACE) 

has served as the implementer of flood protection projects across the country. Initially projects 

were only allowed construction for the single purpose of reducing flood damage. Legislation 

in 1944 changed this, however, when multipurpose dam projects were authorized. This 

enabled USACE to pursue flood protection projects that also provided the American public 

with benefits such as conserved lands or recreation (Kousky, 2014). Criteria for USACE 

project selection are specific. Congress mandates that projects be considered for their national 

interests, and that USACE project benefits outweigh costs (Kousky 2014). USACE processes 

utilize rigorous cost-benefit assessments and engineering studies to ensure that all projects 

meet such requirements. Results of pre-project analysis are often published in feasibility or 

reconnaissance reports and discuss the merits of a project, along with the justification, or lack 

thereof, for a project’s construction.  

 While USACE is widely known for investment in structural flood control projects 

such as dams, levees, or retention basins, it has also considered variations of ecosystem based, 

non-structured approaches to flood control. The USACE New England Division has a specific 

history in considering the value of natural reservoirs such as wetlands and natural floodplains 

in mitigating damages from flood. Termed “natural valley storage” (NVS), this approach is 

based on the ability of various riparian zones to slow and reduce flood peaks by acting similar 

to a series of reservoirs along a river’s mainstem (U.S. Army Corps of Engineers, New 

England Division 1994, Kousky 2014). To secure such flood protection benefits, USACE may 

consider acquiring land areas found to provide significant NVS benefits. As required through 

USACE process, however, the benefits of such investment must be found to outweigh the 

costs of implementation. The scale and proximity of the Connecticut River to developed areas 

across four New England states provided basis for assessment of NVS within the watershed by 

New England USACE in 1974 and again in 1994. The 1994 reconnaissance study identifies 

seven significant NVS areas along the Connecticut mainstem, and three along tributaries. The 

study evaluates the costs of purchasing 22,750 acres of easements on NVS areas to maintain 

flood mitigating services for developed regions downriver. To assess the benefits of such 

investments, the report models flood damage costs of the 100-year flood in both the likely and 

extreme future development build-out scenarios. Utilizing hydrologic modeling and damage-
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cost curves, damage costs from a 100-year flood on the Connecticut River was estimated. 

Assuming that USACE obtainment of NVS areas would prevent such a flood, a monetary 

evaluation of NVS benefits is achieved. The report finds that benefit-cost ratio of securing 

Connecticut River NVS areas was within a range of 0.11 to 0.23. An acquirement of NVS 

lands was deemed unjustifiable by USACE criteria (U.S. Army Corps of Engineers, New 

England Division 1994).  

 The Connecticut River NVS Report took on an enormously challenging task. Results 

indicated that even in generous estimates of avoided damage-costs, the simple purchase of 

land for flood mitigating benefits could not be economically justified within the Connecticut 

River watershed. In an analysis of a series of NVS studies within New England, C. Kousky 

identifies three reasons for the uneconomical outcome of NVS in the Connecticut River basin. 

Firstly, population centers within the watershed are not at high enough risk of damaging flood. 

The most developed areas are already protected against floods larger than the 100-year event 

by dikes and floodwalls. The 100-year flood event, as used for analysis by USACE, would not 

cause enough damage to justify costs. Secondly, the predicted growth of development within 

the region was estimated to be between 5 and 12%, with 35% of projected development in 

floodway fringe areas. This creates a business-as-usual scenario that doesn’t produce 

enormous losses in NVS area, reducing the anticipated need for USACE land acquirement. 

Thirdly, and after the fact of the Connecticut River USACE decision, Kousky notes that a 

number of regulations limiting wetland fill and development have emerged at the federal, 

state, and local level. Regulations including the Clean Water Act Section 404, and 

requirements of communities participating in the National Flood Insurance Program reduce 

the likeliness that all NVS will be lost to development (Kousky, 2014).  

 This is a classic use of a damage-cost avoidance analysis, one method for valuing 

ecosystem services. While a re-analysis of this project including consideration of co-benefits 

provided by NVS areas (water quality maintenance, wildlife habitat, carbon sequestration, and 

recreation, among many others) would be interesting, the obstacles and uncertainties inherent 

to quantifying and valuating ecosystem services still remain. To an institution such as USACE 

that must adhere to strict economic standards and narrowly framed objectives, such a project 

may never be justified. Perhaps the key to securing ecosystem benefits for buffering the 

impacts of climate change, such as increased flooding, lies not in large-scale, single objective 

projects, but instead through smaller, multi-objective projects that more closely align with 
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community needs. These considerations provide a jumping-off point for research objectives of 

this paper. 

 

1.4 Study Area: The Upper Valley 

The Connecticut River stretches more than 600 miles from headwaters in Quebec, to 

confluence with the Long Island Sound in Connecticut. The Upper Valley (UV) segment of 

the watershed is loosely defined as the region from Plainfield to Piermont, NH. The Upper 

valley is classified within the Lower New England Ecoregion, a fairly variable landscape most 

strongly characterized by plains of glacially deposited sandy tills, with dispersed low 

mountains and lake studded valleys (Barbour and Anderson et al. 2003).   

The Upper Valley is comprised of towns in Vermont and New Hampshire along the 

Connecticut River. This segment of the River is unique in ecological character, split by a 

35,500 kW generating capacity hydroelectric dam. Wilder Dam creates an impoundment 

region akin to a lake type ecosystem around 3,100 acres in surface area, with deep slow waters 

characterizing the river’s flow for 45 miles upstream. Just south of the dam is the confluence 

of the White River tributary near West Lebanon, NH (Water Management Plan). The UV is 

not densely populated, with only three towns with populations over 10,000 (NH OEP). Land 

cover within the region is predominantly mixed deciduous forest type. A high degree of row 

crop agriculture exists along the Connecticut’s floodplain areas, which experience some level 

of inundation on an almost annual basis. Regular influx of nutrient rich floodwaters boosts the 

productive capacity of the region’s floodplain systems, making them a rich agricultural 

resource (O. Marks et al. 2011).  
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Figure 1: A map of the Upper Valley region study area and associated towns in New Hampshire and Vermont. Adopted 
from the New Hampshire Department of Environmental Services. 
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1.5 Flooding in the Upper Valley 

 Riverine flood is the most common natural disaster event in New Hampshire (New 

Hampshire Department of Safety 2013). New Hampshire’s State Hazard Mitigation Plan 

defines flooding as the “temporary overflow of water onto land that is not normally covered 

by water”. The State calculates the overall risk of a natural hazard as a product of its 

probability of occurrence and the severity of its impact, both estimated on a numeric range of 

1 (low) to 3 (high). An overall risk score of four or greater is considered a high risk to the 

State. The overall risk of inland flood in New Hampshire is 6 (probability of 3, severity of 2), 

deeming it a high-risk hazard. With over 16,000 miles of river across the state, New 

Hampshire’s waterways historically provided the power and transportation that supported the 

development of towns and economies. Settlement patterns reflect the layout of these 

waterways, and growing development has put many of New Hampshire’s largest towns and 

cities within flood prone areas (New Hampshire Department of Safety 2013). The State 

outlines four primary causes of inland flood events; debris impacted and undersized 

infrastructure, riverine erosion and scouring, rapid snowmelt, and ice jam flooding. These 

hazards organize the types of flood preparation examined here.  

It’s regionally common knowledge that flooding is an issue of concern in the Upper 

Valley of New Hampshire and Vermont. The upper watersheds of both states experienced a 

cumulative total of more than $1.3 billion in damage as a result of 2011’s hurricane Irene 

(Scarllet and Maillet 2014). While catastrophes such as Irene can impart tragic loses, they also 

encourage a look at vulnerabilities and needs for addressing future events. This sentiment was 

echoed during stakeholder interactions as part of this project.  

A review of flood events imparting significant impacts to the Upper Valley region was carried 

out using sources of the United States Geological Survey (USGS), New Hampshire and 

Federal Emergency Management Agencies, and various local sources. A timeline of these 

events illustrates that the UV has a long history of flood, with the earliest confirmed record of 

a large and damaging flood in 1828. This timeline is presented in Figure X, and describes the 

associated rain, storm, or snowmelt causing factors of each. Connecticut River flood stage 

(feet) and flow data (cubic feet per second, cfs) are listed for each flood event to give a 

relative of idea of magnitude, as recorded by the USGS river gauge at West Lebanon, NH 

(USGS gauge #01144500). While there are a number of notably damaging floods in New 

Hampshire, we report only those recorded as causing flood in the Upper Valley. This history 
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details the role of heavy precipitation events, especially those occurring during spring 

snowmelt seasons, in causing high flows in the Connecticut River and its tributaries in the  
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Aug 1828 

Nov 1927 

March 1936 

Sept 1938 

March 1953 

Oct 1869 

July 1973 

April 1976 

April 1987 

Aug 2011 

July 2013 

Earliest recalled flood event in the Upper Valley. Extreme rains caused floods in 

the Connecticut River basin and Mascoma, Ammonoosuc, Wells, and 

Ottauquechee tributary rivers. Historical accounts cite damage to bridges and 

towns in New Hampshire and Vermont. 

A tropical storm brought 6-12 inches of rain and causing flooding in the Upper 

Valley waters of the Wells, Ompompanoosuc, White, and Mascoma Rivers. 

Historical accounts suggest that flooding was even larger than the later record 

setting 1927 flood. 

A tropical storm brought 4-7 inches of rain on an already saturated region, 

producing the still record flood at West Lebanon, NH river gauge on the 

Connecticut River. Caused $20 million in damages. [Gauge: 35 ft., 136,000 cfs] 

 

Two rain events over ripe snowpack and ice covered rivers caused heavy runoff 

and swelling rivers and jams. Caused $25 million in damages statewide. 

[Gauge: 32.6 ft., 120,000 cfs] 

A hurricane following a week of continuous rain across the region incited 

flooding, causing $22 million in damage and 13 deaths. [Gauge: 26.7 ft., 82,400 

cfs] 

Heavy rains caused flooding across the Connecticut River basin, little damage 

recorded likely due to the absence of ice jams. Little historical information 

available for this event. [Gauge: 24.48 ft., 73,300 cfs] 

Intense rain event on already saturated Ottauquechee and Ompompanosac River 

watersheds caused record flood damages to Upper Valley towns. [Gauge: 25.3 

ft., 79,100 cfs] 

Rain on snowmelt caused flooding, little information retrievable on damages. 

[Gauge: 23.5 ft., 70,400 cfs] 

Presidentially declared disaster (DR-789-NH) flooding in Connecticut and 

Merrimack River basins from snowmelt and heavy rains brought by two 

consecutive storms. Damage totals of $4,888,889.00. [Gauge: 23.1 ft., 68,400 

cfs] 

Hurricane Irene brought 3-4 inches of rain and caused flooding in Southwestern 

and Western New Hampshire, cumulative damage of $35 million to the state. 

[Gauge: 29.66 ft., 105,000 cfs] 

Heavy rain events brought 4 inches of precipitation in 24 hours, with Lebanon 

being hit especially hard where 2 inches fell in 45 minutes. State emergency 

declaration (DR-4105-NH) for severe flooding and landslides that destroyed a 

number of buildings in West Lebanon. 

Figure 2: A timeline of significant flood events in the Upper Valley region of the Connecticut River basin. Intense 
precipitation events, especially those coinciding with snowmelt, are cited as frequent causes of flood to the 
region. Where damage estimates are recorded, dollar values are in the flood year value. The Connecticut River’s 
flood stage (feet) and flow rate (cubic feet per second) give an idea of the magnitude of each flood, reported 
from the USGS river gauge at West Lebanon, NH. For comparison, the thirty year annual averages of flow rate at 
this location is: 1927-57: 7009.9 cfs, 1958-88: 6913.2 cfs, 1989-2014: 7890.6 cfs.  

 

Figure 7: A map of the Upper Valley region study area and associated towns in New Hampshire and Vermont. 
Adopted from the New Hampshire Department of Environmental Services.Figure 8: A timeline of significant flood 
events in the Upper Valley region of the Connecticut River basin. Intense precipitation events, especially those 
coinciding with snowmelt, are cited as frequent causes of flood to the region. Where damage estimates are 
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Upper Valley 

 

Why might the Connecticut River flood more frequently in the Upper Valley than 

elsewhere? The answers to this are diverse, and seem to depict a number of contributing 

factors. For one, while the Connecticut River is highly manipulated by dams, a number of 

relatively free flowing tributaries meet the Connecticut near the Upper Valley. These include 

the Ammonoosuc River, Clay Brook, the Ompompanoosuc River, Mink Brook, the White 

River, the Mascoma River, and almost a dozen other smaller brooks and seasonal streams 

(Anderson et al. 2010). Tributaries give the Connecticut seasonal changes in flow similar to a 

natural flood regime, and contribute to initiating full blown floods during heavy precipitation 

events. As uncovered in a historical review of flooding in the UV, large floods have occurred 

for centuries as a result of regional characteristics of rainfall, snowmelt, and river ice jams. 

Simply put, the UV floods a lot regardless of human intervention. However, land use factors 

may contribute to flood severity. The Connecticut River experienced extensive manipulation 

by logging activities in the 19th century, resulting in artificial straightening of many stretches 

of the river. While no formal study has been done in the Upper Valley, it’s been suggested that 

the River may own evidence of significant straightening north of Wilder Dam (Ragonese, J. 

personal communication). 

  

1.6 Policies Directing Flood Preparation Activities 

 Despite the incidence of flooding within the state, few policies are formally in place to 

guide New Hampshire communities in preparing for flood. All guiding language and 

assistance exists in one of two programs; the New Hampshire Hazard Mitigation Assistance 

Program and the National Flood Insurance Program (NFIP), both of which are jointly 

supported by the state and federal governments.  

 Administered through the New Hampshire Department of Safety, Division of 

Homeland Security and Emergency Management Office, the hazard mitigation assistance 

program provides grants and planning guides for mitigation projects across the state. The goal 

of these programs are to reduce risk to individuals and property from natural hazards prior to 

the occurrence of such events, reducing the need for disaster relief funds post-event. 

Mitigation is defined in these programs as any “sustained action taken to reduce or eliminate 

long-term risk to people and property from natural hazards and their effects” (Stafford Act 

2013).  As a condition of federal assistance in implementing these projects, section 322 of the 
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Disaster Mitigation Act requires the existence of a State mitigation plan. This plan defines in 

detail the State’s emergency management including prevention, mitigation, protection 

preparedness, response and recovery, and is intended to improve coordination and integration 

of mitigation activities across the state. As part of this, each community within the state is 

required to own their own hazard mitigation plan (HMP). New Hampshire’s nine regional 

planning commissions are assigned with serving as the liaison between communities and state 

departments, and to provide technical assistance in crafting HMPs, floodplain ordinances, and 

emergency operations (New Hampshire Dept. of Safety 2013).  

 The other route for which communities may receive guidance (or meet regulation) in 

preparing for flood is through the National Flood Insurance Program (NFIP). Unlike the 

state’s HMP, not all communities are required to meet NFIP defined regulations. Instead, 

regulations pertain only to those communities having enrolled in the NFIP and required to 

meet its minimum level standards. Broadly, the minimum requirements for New Hampshire 

NFIP communities include; 1) requirement of permits and ordinance compliance for buildings 

and substantial improvement in flood-prone areas, 2) use of construction materials and 

methods that are resistant to, and minimize flood damage, and 3) design of water and sewer 

systems that eliminate infiltration of flood waters and discharge (New Hampshire Office of 

Energy and Planning 2013). A community’s specific risk of flood is communicated through 

the NFIP’s flood insurance rate map (FIRM), composed by FEMA, state, and local officials. 

FIRMs utilize base elevation measures along with data related to hydrology, infrastructure, 

hydraulics, and land use to identify risk zones in communities across the country (FEMA 

2014).  

 Taken together, HMPs and the NFIP requirements guide towns in planning and 

designing their communities to live with and respond to flood damage. The risks of flood are 

determined by mapping of hazards, utilizing geophysical and community structural data. The 

question arises as to how communities might act within these bounds to produce forward 

looking flood adaptation measures, and to where they might be able to apply for technical or 

financial support in such projects.  

 

1.7 Climate Change in Northern New Hampshire 

 

The 2014 Climate Change in Northern New Hampshire report released by the 

Sustainability Institute at the University of New Hampshire describes historic and projected 
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trends in precipitation characteristics of northern New Hampshire. Since 1970 annual 

precipitation has increased between 7 and 18% depending on location. Similarly, the 

occurrence of extreme precipitation events (an event with greater than 1 inch of precipitation 

in 24 hours) has increased in some locations and remained steady in others. Projections for 

future extreme precipitation events show an increase from a historical count of 8.1 events per 

year to 10.5-12.8 events per year by 2070 depending on low-high carbon emissions scenarios 

(Wake, C. et al. 2014). These datasets suggest that the Upper Valley of New Hampshire will 

experience more annual rainfall, and that a large portion of that increase will be attributed to 

greater annual occurrence of extreme rainfall events. The Upper Valley already floods more 

frequently and with less rain than other portions of the Connecticut River Valley. Therefore it 

should be expected that flood events will continue to occur in the Upper Valley, likely with 

recurrence intervals above historic levels. Thus, the Upper Valley and its human communities 

are ripe for an assessment of flood mitigation and adaptation measures, and the decision-

making process that will be necessary to implement them. 
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Chapter 2: Identifying Stakeholder Preferences  
 

Flood preparation projects involve facets of environmental, economic, community, and risk 

information. As such, we selected a platform of structured decision making with capacity to 

evaluate multiple types of information, termed multi-criteria decision analysis (MCDA). The 

generalized MCDA framework is composed of people and process (Kiker et al 2005). 

Typically this involves three groups of people; policy or decision makers, scientists and 

engineers, and general stakeholders (identified as being public, business, or interest groups). 

The process is organized into two stages; I) generation of management alternatives, 

performance criteria, and value judgments, and II) ranking alternatives by evaluating criteria 

performances. The product of this process is an organized means for comparing multiple 

alternatives across an array of attributes with distinct units of measure, upon which each 

alternative likely performs differently. We use this format to collect and present information 

on flood mitigation and adaptation alternatives, and test stakeholder preferences among them. 

Especially useful is ranking, or weighting of criteria by individual stakeholders. This allows 

for identification of the ways certain project attributes, such as cost or social acceptance, drive 

preferences for alternatives among stakeholders with differing values.   

 Multicriteria decision frameworks have been useful in other riverine management and 

flood mitigation contexts. Regionally relevant, the work of Hermans et al. 2007 utilizes 

MCDA methodology in ranking stakeholder preferences for alternative river management 

schemes on the Upper White River of Vermont. This work highlights the effectiveness of 

outranking and criteria weightings in evaluating a decision context owning high levels of 

uncertainty and diverse or conflicting stakeholder values (Hermans, C. et al. 2007). MCDA 

approaches have also been used in comparing flood mitigation alternatives (Haque et al. 2010, 

Scholobig, A. et al. 2008, Simonovic and Akter 2006), including a form of tradeoff decision 

analysis akin to MCDA utilized by the Army Corps of Engineers (Kiker et al. 2005). In each 

of these instances, MCDA approaches offer effective means for incorporating stakeholder 

values or preferences into evaluation of flood management activities. Stakeholder 

participatory methods such as this are especially vital to decision-making for floodplain 

management and disaster mitigation projects, as the success of such work often depends upon 

stakeholder support (Rogers 2012, Seager et al. 2006, Affeltranger et al. 2001). 
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 While many software programs exist for carrying out MCDA techniques, a workbook 

format was selected as being the most effective mode for implementation with stakeholder 

groups in this study. We craft decision scenarios to pose participants with local flood 

vulnerability and runoff management issues, and ask for subsequent selection of preferred 

projects in addressing those scenarios. Alternatives are presented in a set of project matrices 

that compare performances of each alternative across a spectrum of criteria. Stakeholder 

ranking of criteria by relative importance and selection of preferred projects provide the 

results of this work. Prior to constructing an evaluation, we first needed to define the scope 

and context of the decision situation, and gather pertinent social and biophysical information 

to the decision scenario. Methods for creating the survey tool and results from the preference 

and criteria importance testing are reported in the rest of this chapter.  

2.1 Four-Phase Methodology 

 

Using a MCDA framework, we composed four scenarios of flood vulnerability to test 

participant decisions in a workbook format implemented in facilitated workshops. The 

methodology for this takes place in four steps: 1) identification of issues and stakeholder 

groups, 2) stakeholder engagement and value gathering, 3) construction of decision scenarios 

and project matrices, and 4) workshop implementation and evaluation.  

1. Identification of issues and stakeholder groups 

 For the intent of this research it’s necessary to narrow the project focus beyond simply 

‘flooding’, and to pinpoint specific flood impacts and hazards of concern within the study 

area. New Hampshire’s State Hazard Mitigation Plan presents inland flooding hazards as 

categorized into four subheadings; debris impacted and undersized infrastructure, riverine 

erosion and scouring, rapid snowmelt, and ice jam flooding. These categories offer initial 

guidance on which issues might be of specific concern to Upper Valley stakeholders. To 

further identify actual issues of concern to decision makers and general residents, direct 

stakeholder engagement is necessary (Keeney 1992). A review of Upper Valley agencies, 

planning bodies, and community groups with working objectives relevant to flooding, water 

body planning, or environment and climate change was carried out, and those deemed relevant 

to the research focus were contacted. Initial engagement with these groups is useful in two 

ways; to diversify input in defining the issues and decision scenarios at hand, and to begin to 

identify groups that might act as expert, or knowledgeable stakeholders. While useful 
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information exchange occurred with a list of entities, two groups offered the most natural fit 

for contribution to this research. Those connections were made with the Upper Valley 

Subcommittee of the Connecticut River Joint Commissions (UV CTRJC) and the Upper 

Valley Adaptation Workgroup (UVAW).  

Stakeholder Groups  

 Since 1989, Vermont’s Connecticut River Watershed Advisory Commission and New 

Hampshire’s Connecticut River Valley Resource Commission have met together as the 

Connecticut River Joint Commissions (CRJC). The CRJC has no regulatory powers and 

serves as an advisory and support actor for research and peoples within the Connecticut River 

valley. Membership of the CRJC Upper Valley Subcommittee includes representatives from 

each town sharing boundaries with the Connecticut River in both New Hampshire and 

Vermont. The Subcommittee meets bi-monthly to collaborate and share information on 

regional issues, with flood hazard and floodplain management common among these. 

 The second expert group UVAW is a bi-state, multi-stakeholder working group of 

leaders and partner organizations. Started in December of 2011, the workgroup meets 

regularly focusing on the aim of building climate resilient communities in the Upper Valley 

Region of Vermont and New Hampshire (www.UVLSRPC.org). Research objectives 

identified here align in focus with that of the UVAW, making the value of collaboration with 

this group clear.  

 In addition to these groups, a cohort of individual experts including researchers, state 

planners, floodplain managers, and agency personnel participated as knowledgeable 

informants throughout the decision process. 

2. Stakeholder engagement and value gathering 

 Building stakeholder involvement into this process is necessary to produce outcomes 

that are useful and widely supported (Borsuk et al. 2001, Hermans et al. 2007). Stakeholder 

involvement in decision processes can lead to greater stakeholder willingness to collaborate in 

the future, while also providing a more whole understanding of the decision problem at hand 

(Keeney 1992). Phase two of our research methods focus on building familiarity with 

stakeholder groups, and identifying specific issues of concern that drive the decision 

framework being examined. 

http://www.uvlsrpc.org/
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Two regularly occurring meetings of both expert stakeholder groups were attended the 

year prior to workshop implementation. Simply attending, listening and observing group 

meetings initiated the value and issue identification process. Note was taken of specific issues 

being discussed, and the relative interest surrounding each. A Community Flood Forum hosted 

by the UVAW served as a means for gathering information on the general public. The Forum 

was a publicly attended event that featured guest speakers and panelists discussing current 

issues of flooding and storm event restoration among local communities. Open discussion at 

the event further framed issues of flooding in a local context, providing insights to topics of 

interest beyond expert stakeholders and included general residents of the study region. 

Combined avenues of stakeholder engagement provided a bank of identified issues of concern 

related to flooding in the Upper Valley (Appendices Table 1). It’s interesting to note that 

damages from recent storm events within the region, notably Irene of 2011 and Sandy of 2012, 

were often alluded to in recognizing a need for preparing for flood and storms in the future. 

Defining the Decision Situation 

 In addition to issue identification, stakeholder discussion of available measures to 

address issues of concern.1 This input is critical to identifying decision scenarios actually 

being encountered within the Upper Valley. Specific measures discussed vary between expert 

groups and general stakeholders. Overall, a shared interest in investment of time and money 

now to prevent damage in the future, was clear. While all discussed community flood 

preparation actions might eventually be implemented, municipal financial and personnel 

constraints make it unrealistic that this will occur immediately or simultaneously. Still, the 

need and community willingness to prepare for the next flood is present. Thus the decision 

situation presented itself; individual towns must determine where to begin investing limited 

time and money in producing flood mitigation and adaptation projects. Using gathered 

information, an objectives hierarchy was constructed to expand the overall objective of 

‘reduce vulnerability to flooding’ to a set of fundamental-objectives (Figure 2.1).  

3. Construction of decision scenarios and project matrices  

                                                           
1 A publication of the Vermont Irene Recovery Office provided by the UVCTRJC stakeholder group provided information on 

community actions being discussed; “Irene: Reflections on Weathering the Storm”, www.vtstrong.vt.gov.  

http://www.vtstrong.vt.gov/
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 The previous work of Gregory and Wellman (2001) informs the construction of the 

decision tool used here. In an assessment of stakeholder values in estuary management, the 

decision-making thought process is mimicked through scenarios and tradeoff selections in a 

pen and paper workbook tool. This method is time and thought intensive for participants, and 

requires in-person engagement through a facilitated workshop setting. The nature of such 

methodology limits the total population of responses, but obtains information with depth and 

quality that can’t be obtained through more brief mail-in or electronic survey tools (Gregory 

and Wellman 2001). Essentially, the workbook captures quality of data at the expense of 

quantity of responses. A workbook offers a tangible format for engaging with the survey tool 

that allows participants to work at their own pace, and enables facilitation of workshops 

without constraint of computer hardware. With these design traits in mind, a workbook was 

crafted to evaluate participant decision-making.  

Crafting Decision Scenarios 

 The workbook was designed to place participants in a hypothetical yet realistic 

scenario in which their community is planning to use community resources (time and money), 

to implement some flood mitigation or adaptation project. Care was taken to portray scenarios 

Figure 313: An objectives hierarchy illustrates the sub-objectives that contribute to the overall objective of reducing 
vulnerability to flooding. Issues were identified through hazard planning resources and stakeholder engagement. 
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from a community-willingness to pay perspective, promoting a more realistic evaluation of 

preference choices (Gregory and Wellman 2001). Stakeholder identified issues of concern and 

means of addressing them (Appendices Table 1) provide the basis for scenario construction.  

Issues are organized into near-term needs for mitigating flood and stormwater damage, and 

needs for adapting to flood in the long-term.  

Decision scenarios are accompanied by an array of project alternatives for addressing 

each. Local input alongside a review of literature and publicly available information on 

projects undertaken by communities and agencies regionally and across the country informs 

the alternatives used in each scenario. Using our objectives hierarchy of flood vulnerabilities, 

we generated a means-end network for the four scenarios of vulnerability (Figure 2.2). Means-

end networks offer conceptual maps for understanding how certain objectives, such as 

stabilizing a vulnerable waterway, can be addressed by a set of options, or alternatives. 

Information on the parameters, costs, and outcomes of projects was gathered from public 

technical documents and case studies of past works2. A spectrum of structured projects 

(culverts, bank armoring, retention basins), non-structured projects (floodplain zoning) and 

ecosystem-based projects (wetland conservation, stream-bank restoration) are included. As 

commonly done in MCDA approaches, project alternatives are presented in matrices 

comparing the performance of each by a common set of attributes (Haque et al. 2010, Linkov 

et al. 2006, Kiker et al. 2005). Two project matrices were presented for each scenario. Near-

term scenarios require assessment of waterway stabilization projects, and stormwater and 

runoff management projects. Long-term scenarios assess options for community planning 

initiatives, and water retention projects. 

 

 

 

 

 

 

                                                           
2 These records are accessible through webpages of the Federal Emergency Management Agency, United States 

Department of Agriculture, and state agency webpages such New Hampshire Office of Energy and Planning. 
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Defining Criteria  

 The core feature of multi-criteria decision analyses involves evaluation of a set of 

options by multiple criteria, or attributes, that are not usually comparable. This allows for a 

decision maker to weigh all factors influencing a decision at once. Defining the criteria by 

which alternatives are considered requires input by those involved with the decision scenario. 

Criteria may be describable in qualitative or quantitative measures, and must be relevant to 

every alternative being considered (Keeney, R. p. 118). Some criteria are obviously necessary 

for considering alternatives, such as financial cost or effectiveness. Other criteria are deduced 

from the issues of concern identified through stakeholder engagement. Examples of previous 

uses of MCDA are also useful to selecting criteria applicable here (Scolobig, A. et al. 2008, 

Linkov et al. 2006). Criteria selected to compare projects are; cost, effectiveness, 

environmental impact, co-benefits, project lifetime, social and political acceptance, and 

aesthetics. Following selecting these criteria each must be measured and communicated for all 

alternatives being considered (Appendices Figure 3). 

Cost – An obvious trait to be considered when comparing alternatives. Average costs per 

relevant unit are informed by review of literature and project databases. For instance, 

reviewing bank-armoring projects in the New Hampshire Department of Environmental 

Services mitigation project log provides information on parameters, costs, and outcomes of 

previous bank stabilization projects. The costs of these are calculated for a 250-foot length of 

waterway and averaged with other case examples to estimate project costs here. Some project 

costs are provided by technical literature, such as culvert upgrades obtained from an analysis 

of culvert needs in New Hampshire’s estuaries region (Stack, L. et al. 2010). This produces a 

rough indication of the potential cost of a project that is useful for general comparisons. 

Effectiveness – Alternatives are posed as options for addressing a problem or issue, such as 

stabilizing a waterway or improving management of stormwater. While each alternative may 

contribute to addressing an issue, not all share the same levels of effectiveness. Thus, 

effectiveness is a useful criterion for comparing alternatives, and alludes to the scenario each 

matrix is proposed to address. As is commonly required for MCDA approaches, experts are 

asked to assign measures for attributes requiring specific knowledge. A regional fluvial 

geomorphologist and river management expert were contacted to evaluate the measure of 

environmental impact and effectiveness for all projects. Experts were asked to assess these 



25 

 

 
 

measures in comparison to other projects in each matrix, and to assign qualitative terms of 

low, moderate, or high. Experts were assured of the anonymity of their input. 

Environmental Impact – Alternatives differ in the level of environmental impact, or intensity 

of impact on the surrounding landscape when implemented. Such impacts are an important 

consideration in environmental decision-making, and are important to include in this analysis. 

Experts provide the qualitative measures of each alternative in comparison to others in each 

matrix.  

Co-benefits - This term is used to indicate the number of beneficial outcomes of a project 

beyond the intended mitigation or adaptation objective. Most often these co-benefits allude to 

ecosystem services, or benefits provided by natural capital such as improvement to water 

quality from riparian vegetation. This term was selected because it captures the spirit of 

ecosystem-based adaptation, while using terminology that avoids appealing to participant held 

environmental values (Munang et al. 2013). Measures of co-benefits for each project are 

informed by literature within ecosystem services and technical documents. Especially useful 

here is the Economics of Ecosystems and Biodiversity for Water and Wetlands report by Russi 

D. et al. (2013). This report identifies both contributions of river and riparian systems to 

ecological and human well-being, and forms project management can take to capture such 

benefits. Some alternatives host an array of potential co-benefits such maintaining water 

quality or creating habitat, while others provide little or none. Instead of providing a 

qualitative rating of co-benefits to measure project performance, all identified co-benefits 

were listed in the project matrices. This put the task of assessing the value of such benefits on 

the participant.  

Lifetime –Near term mitigation alternatives are not “one and done” type projects. Lifetime 

was used to indicate how long a certain project might be expected to last. Lifetime estimates 

were obtained from technical literature and federal and state project logs. 

Social and Political acceptance - Long-term adaption alternatives represent more permanent 

initiatives, making lifetime not useful in comparing them. Instead, social and political 

acceptance is used to give a sense of the social feasibility of a certain project within a general 

community. Members of regional planning groups provided a measure of social and political 

acceptance for each. 
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Aesthetics – This is included to simply allude to the way a given alternative looks like within 

the landscape. Qualities of appearance were identified as important to consider from 

stakeholder meetings and forums. Similar to co-benefits, judgment of aesthetics was left to 

participants by including photographs of example projects in each matrix.  

 In the decision scenario, participants are asked to consider each project as an option 

being considered by their local community and to evaluate each by a matrix provided as 

workbook inserts. Participants were then asked to rank alternatives from most to least 

preferred for implementation in their community. Following this, participants are asked to 

rank criteria from most (1) to least (6) important to consider in making their selection of 

preferred projects. This process was repeated for all four matrices in the workbook. The final 

matrix format used in the workbooks is included in Appendices Figure 4. 

Accounting for Perception of Risk and Ecosystem Services  

 Previous work suggests that the perception of risk plays a role in driving mitigation 

behavior (Bubeck et al. 2012). For this reason, background differences in risk perception are 

gauged in the workbook questionnaire. In further assessing stakeholder perception of the role 

of ecosystems in mitigating flood impacts, participants were asked how strongly they agreed 

with the statement: “Local environmental factors such as; land cover, riverbank structure, and 

wetland or forest areas, play an important role in determining severity of floods.” at the 

beginning and end of the workbook exercise. 

This question attempts to identify participants’ understanding of interactions among land use, 

ecosystems, and flooding prior to the workbook exercise. Asking the same question at the end 

of the workbook may capture any shifts in perceptions due to the workshop exercise. 

Additional background questions were posed to gather information on; state residence, age 

group, education level, and enrollment in a flood insurance policy.   

4. Workshop implementation and evaluation 

 Three workshops were held during the fall of 2014 to implement workbooks with each 

stakeholder group. Workshops with the CTRJC and the UVAW occurred during the group’s 

regularly occurring meeting times, and each group allocated a one-hour period to participate in 

the workshop.  Workshops were titled as a “community flood preparation workshop”, and 

structured with a 15-minute introductory presentation and a 45-minute workbook completion 

period. While each individual stakeholder owns some level of knowledge of regional flooding 
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issues, it was assumed that not all background understandings are equivalent. To attempt to 

correct for this, the introductory presentation included information necessary to set the stage 

for participating in the workbook exercise. Topics discussed included: regional flood history, 

future projections for flood risk, basic flood insurance policy, and a review of the types of 

projects communities might undertake to prepare for flood in the near and long-term. The 

presentation concluded with a staging of the decision situation, and a transition into the role of 

the workbook tool in obtaining participant’s decision-making inputs. Each participant was 

given a workbook to complete at their own pace and were encouraged to ask questions on any 

material. Four months following the workshops follow-up interviews were had with a handful 

of select stakeholders to gather reactions and generate discussions surrounding workbook 

results.  

2.2 Results: Preferences and Criteria of Importance 

 

 Over the course of three workshops, 18 workbooks were completed. There was an 

even representation from both states within the study region, nine participants each from New 

Hampshire and Vermont. Nine participants identified themselves as holding some form of 

decision-making position in their town, while six did not, and three did not identify. All 

participants have some level of college education or higher. Two sets of data are gathered 

from the multicriteria decision exercise; the participant assigned preference rankings for 

alternatives, and the ranking of criteria by importance. 

 

Perceptions of Risk and Environment 

 

 Only one participant reported to not perceive their town at risk for flooding, while 17 

did. Of those purporting to be at risk, 11 feel that the risk of flood is greater today when 

compared to in the past. Participants perceive their community’s greatest risk of flood to be 

posed by streams or brooks (10), stormwater runoff (9), a large river (7), medium to small 

rivers (5). Only four participants reported to have experienced damage to their own property 

by flood or storm waters. When asked for agreement with the statement of: “Local 

environmental factors such as; land cover, riverbank structure, and wetland or forest areas 

play an important role in determining the severity of floods”, 16 participants report to 
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‘strongly agree’ and two ‘agree’. When asked the same statement at the conclusion of the 

workbook, 17 report to ‘strongly agree’ and one failed to answer.  

 

Attribute Weighting 

Participants assigned weights to indicate the level of importance various attributes 

hold in evaluating alternatives. Table 1 shows the mean criterion rank values for all four 

categories of projects considered (community planning, water retention, waterway 

stabilization, and stormwater and runoff management). Ranks are highly similar amongst 

each; effectiveness and environmental impact are consistently highly ranked, followed by cost. 

Aesthetics was the lowest weighted criteria for all four project tables. The co-benefit criteria 

was also consistently assigned low level weight (average less than 2 of maximum weight of 6) 

in all four project tables. Appendices Figure 5 depicts comparisons of attribute weightings.  

 

ATTRIBUTE WATERWAY 

STABILIZATION 

RUNOFF 

MANAGEMENT 

COMMUNITY 

PLANNING 

WATER 

RETENTION 

EFFECTIVENESS 3.6 3.27 4.5 3.38 

ENVIRONMENTAL IMPACT 2.84 2.92 2.57 3.18 

COST 1.69 1.83 1.57 1.57 

CO-BENEFITS 1.3 1.32 1.37 1.38 

LIFETIME 1.54 1.54 - - 

SOCIAL AND POLITICAL 

ACCEPTANCE 

- - 1.42 1.35 

AESTHETICS 1.17 1.15 1.22 1.27 

Table 1: Mean values of assigned criteria weights for each alternative decision scenario. 

Multi-criteria Decision Outcomes  

 

The mean ranked value is calculated for each alternative. While all 18 participants 

completed ranking of criteria, not all alternative rankings were completed. Alternative 

preferences were gathered from only 13 participants. The mean and median values of 

participant rankings of alternatives in terms of preference order are reported for each decision 

scenario below and in figure 2.1. Ranking is in order of most preferred (1) to least preferred (4 

or 3).  
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Waterway Stabilization Alternatives 

Soft-bank stabilization received the greatest mean and median preference rank by 

participants. Six participants most prefer soft-bank stabilization, while bank armoring and 

channel slowing features are most preferred by two people, and channel realignment is most 

preferred once.  

 

Stormwater and Runoff Management Alternatives 

Culvert upgrades received the greatest mean and median preference rank within 

stormwater and runoff management alternatives. Six participants most prefer culvert upgrades, 

four most prefer vegetated swales, and permeable ground cover was most preferred twice. 

Roadbed upgrades was never indicated as preferred, making it a dominated alternative. 

 

Community Planning Alternatives 

River corridor zoning received the greatest mean and median preference rank among 

community planning alternatives. Nine participants selected river corridor zoning as the most 

preferred, followed by two preferring floodplain regulations and two preferring buyout of 

repetitive loss properties. Increased freeboard height was not most preferred any participants. 

 

Water Retention Projects 

Wetland cover was the most preferred alternative in ranking results. Ten people most 

prefer wetland cover, while three prefer built catchments. No preferences support flood 

control dams.  
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2.3 Discussion 

Do preferences exist, and what drives them? 

In a hypothetical scenario, preferences do exist for certain alternatives in addressing flood 

vulnerabilities. High agreement in criteria weighting show that the stakeholders engaged here 

are concerned with a project’s effectiveness and environmental impact. These criteria are 

ranked above cost, among others. Notably, aesthetic attributes are consistently deemed least 

important. This indicates that participants view community funds as being justly spent on 

projects that aren’t necessarily the cheapest option, or the prettiest, as long as they’re 

demonstrably effective and not overly degrading.  

Ecosystem based adaptation (EBA) versus built measures 

The appeal of EBA alternatives comes from the provision of co-benefits and the use 

of existing natural capital to address vulnerabilities in ways that traditional built measure may 

not (Munang et al. 2013). We used co-benefits as a criterion for assessing alternatives and 

capturing EBA advantages, co-benefits ranged from habitat provision and water quality 

maintenance, to recreational space, depending on the project. The low weighting of co-

benefits seems to suggest that in hypothetical decision scenarios, as an attribute co-benefits is 

less important than others. Follow-up discussions with stakeholders revealed the importance 

of “bang for buck” value of certain projects, and the role of co-benefits in strengthening such 

value. It was suggested in follow-up discussions that true consideration of co-benefit measures 

may not occur unless required. Mandating consideration of co-benefits in project evaluation 

processes through regional or state policy could achieve such an outcome. This policy 

mechanism would be similar to those already existing in National Environmental Policy Act 

required evaluation of impacts and alternatives for environmental resources.  

Insights for application 

The question remains as to how transferrable these preferences are across various 

adaptation needs and locations. Overall, stakeholders involved with follow up discussions 

were particularly surprised by reported preferences. Indeed it should be expected that in a 

given scenario people hold a preference for dealing with a problem a specific way. Follow-up 

discussions suggest that the distinction in structured versus natural or ecosystem based 

alternatives does exist in many stakeholders’ minds, consciously or not, and this is reflected in 
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current discussions of community planning and river commission groups. In ideal situations 

those with decision-making influence often may push for those less-structured alternatives in 

addressing flood vulnerabilities. However, ideal situations may not always exist and other 

factors such as timeliness of implementation, technical capacity, and limited funds come into 

play. An example cited more than once is the need for stabilizing an eroding or collapsing 

riverbank quickly and effectively. Methods of bank armoring such as riprap, lining of a bank 

with concrete or rock rubble, can be implemented immediately to reduce erosion and provide 

dependable structural reinforcement. Restoring of riparian vegetation or riverbank structure 

through softbank stabilization often takes longer to implement and become fully functional. 

While preferences exist for this approach, it may be difficult to justify when results are needed 

immediately and technical capacity is rigid. 

It’s also important to consider the greater applicability of the decision scenarios tested. 

Clearly not all alternatives are an option when dealing with a particular vulnerability. For 

instance, wetland areas don’t exist in all communities. While participants clearly indicate they 

would prefer to conserve wetlands to retain water and mitigate flood peaks, they simply might 

not be able to do so. This highlights where inter-municipality coordination, as well as state or 

federal agencies, can play a role in implementing projects that provide benefits across political 

boundaries. Such efforts could also cultivate a shared perception of flood vulnerability, and 

promote collective decision making in addressing them (Pahl-Wostle 2006).  
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Chapter 3: Evaluating the Utility of Mitigation and Adaptation 

Alternatives 
 Information gathered from workbooks is both qualitative and quantitative. Raw data 

provided by each participant includes preference rankings of project alternatives and 

importance rankings of project criteria. Using this information, we implement a method for 

scoring MCDA outcomes to generate utility values, or measures of usefulness, for each 

alternative. This method of analysis is based in multi-attribute utility theory (MAUT), and 

attempts quantify a measure of utility of each alternative for each participant.  

3.1 Methods: Applying a Multi-attribute Utility Function to Decision Scenarios  

Multiattribute utility theory (MAUT) provides a framework for evaluating a multi-

criteria decision scenario, and aims to find the most utility among a set of alternatives 

(Winterfeldt and Fischer 1973). An alternative’s utility value is a function of (ui), a measure of 

performance across a set of i attributes, or criteria, and (wi), a set of weights associated with 

criteria as assigned by personal preferences. We use this approach to translate the various 

criteria measures, quantitative and qualitative, to a shared scale of 0 to 1, with 1 being the 

highest value of utility. By employing the criteria importance rankings gathered from 

participants as weight values, MAUT can generate a scoring of alternatives to a personalized 

set of important criteria (Linkov et al. 2006). This approach is used to compare all flood 

project alternatives on a common scale of utility, a unit-less measure. The outcome is a utility 

score for each alternative tailored to each respondent’s declared values, providing a means for 

ranking alternatives outside of just participant preferences.  

We apply an additive MAUT model for scoring alternatives described in Butler et al. 

(2001) and Kiker et al. (2006). Two important assumptions are made for this model to be 

effective. The first is the assumption of mutual utility independence, and is held when 

alternative (A)’s performance on attribute (i) is independent of the performance of another 

attribute (j), and vice versa for all attributes of alternative A. The second assumption is that of 

mutual preference independence, holding that participant preference for one attribute is 

independent of the measure of all others. A decision scenario is mutually preference 

independent when a decision maker prefers cost (X) to cost (Y), even under different 

effectiveness measures of (W) and (Z). These assumptions are described in detail by Dyer, J. 

(Chapter 7).  

The basic additive MAUT model used here is:  
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𝒖(𝐗) = ∑ 𝒘𝒊𝒖𝐢(𝐗𝒊),
𝒏
𝒊=𝟏       (Function a) 

where X = (X1, X2,…Xn) is an alternative being considered across a set of attributes 

(i) with performance measures of (ui) scaled 0 to 1, and weight measures (wi) for each 

attribute, also scaled 0 to 1 (Butler et al. 2001). Thus u(X), or the overall utility and expected 

value of alternative X, is the sum of the products of performance and weight measures of 

alternative X on each attribute being considered in the scenario. Since this form of scoring is 

additive, it allows for high scoring attributes of a project to compensate for lower scoring 

attributes (Kiker et al. 2006). It can be useful to also consider utility as a measure of 

preference, as it’s expected that the most utility of each attribute is also most preferential by 

decision makers.   

It’s important to note that advances within the fields of decision and utility theory are 

enormously diverse, and provide many more considerations to consider in utility functions. 

However, the goal of this research is to employ a multi-criteria approach for understanding the 

usefulness of projects to stakeholders with diverse values and knowledge levels. The 

assumptions and simplified additive MAUT model used here offer a means of decision 

analysis that is approachable to those with differing backgrounds, and is thus considered as 

effective for purposes of this work.  

To employ an additive MAUT function, alternatives need numerical measures of 

performance on each attribute (ui), and personalized attribute weights (wi) need to be gathered 

within the decision scenario. A description of methods used to gather those values are below.   

Scaling Project Performance Values 

 Qualitative criteria performance measures are presented in sets of three (low, 

moderate, high, for example), easily translated to a utility scale also in thirds (low= .33, 

moderate=. 66, high= 1). Other criteria, such as cost, co-benefits, or lifetime, were scaled 

relative to one another in determining utility value. Because utility values are assigned relative 

to one another, a scale of .33 to 1 is used instead of 0 to 1. A value of 0 would equate to no 

utility for a certain project’s attribute, and is not being useful for our purposes. Using a lowest 

value of .33 indicates that a project’s utility by a certain measure is in the lowest level, but not 

completely useless. For instance in Table 1, channel realignment is the most expensive project 

followed by bank armoring, while soft-bank stabilization and channel slowing features are in a 
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similar low price range. Here, lower cost equates to greater utility or preference (because it’s 

expected that all other factors being equal, decision-makers want to select the lowest costing 

alternative). Thus the least preferred project cost (most expensive, channel realignment) was 

assigned the lowest utility value of .33. The second least preferred option (bank armoring), 

was assigned a value of .66, and the similarly lowest costing remaining two alternatives were 

assigned a value of 1 for being most preferential. Through this process of project comparisons 

each criteria is translated to a scale of .33 to 1.  

Following scaling, each alternative owns a numeric measure of utility per each 

criterion, representing the ui value for each alternative. Combining these values for each 

alternative generates an un-weighted overall score of utility for each. The utility values 

assigned for waterway stabilization projects are shown in Table 1. At this point, project utility 

scores depict each criterion as being equally important in a decision scenario. In reality there 

is likely to be a range of personal values and biases that drive individual decision makers to 

deem one attribute as more or less important as another. To capture this, the MAUT scheme 

used here is crafted to include criteria weights in calculating overall utility scores. 

Weighting Criteria  

 MAUT can employ criteria weights to allow scoring of alternatives to a personalized 

set of important criteria (Linkov et al 2006). This was done by asking participants to rank 

project criteria from most (1) to least (6) important in making project selections. To employ 

criteria weighting in MAUT scoring, each criterion weight is used as a multiplier against an 

alternative’s measure of performance for that criterion. This is illustrated in function (a), 

where the weight value of some attribute (i) is designated by (wi). In this manner, the more a 

participant cares about a certain attribute the heavier they would weigh it in considering 

alternatives. Because weights were gathered in the workbook by a ranking scheme that used 1 

as the most important, the scale must be inversed when calculating scores (so that the most 

important criteria is assigned a 6, and the least a 1). To reduce the magnitudes of difference in 

utility scores, weights are then normalized from a scale of 0 to 1. In this way, the most highly 

weighted criteria has a value of 1, and the lowest a value of .167. This is shown in the first 

three columns of Table 3.1. 

 In calculating a weighted utility score, respondent assigned weights are multiplied by 

the appropriate utility value of each project. Table 3.2 outlines the steps for calculating utility 
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values from the criteria weighting of one workbook respondent. In this example, cost was 

assigned a rank of 3 out of 6 in importance to selecting an alternative. Once inverted, this 

denotes a rank of 4 that is scaled to a weight value of .666. Now referring to the attribute 

performance measures in Table 3.2, all components of the additive MAUT model are 

acquired. 

𝑼(𝐗) = ∑ 𝒘𝒊𝒖𝐢(𝐗𝒊),
𝒏
𝒊=𝟏       (Function a) 

Solving for the weighted utility value of Bank armoring by the attribute of cost;   

(Bank armoring i = cost) = (.66*.666) = .44 

The same process is carried out for all criteria, resulting in a set of utility values 

tailored to each participant’s individual weight assignments. Values are summed for each 

project to obtain weighted utility scores. Using the values obtained in Table 3 the overall 

utility of bank armoring for the given participant is 2.768. Overall utility scores are considered 

as reflecting how agreeable a specific alternative may be compared to others, whereby greater 

utility scores are equated as better choice-options. In the example of Table 3.2, it’s expected 

that soft bank stabilization would be the most preferred project, closely followed by bank 

armoring, with channel realignment being least preferred. This provides a ranking of projects 

in terms of utility in a similar manner to the actual rankings performed by participants in the 

workbook. Comparing utility rankings with actual participant rankings is useful for identifying 

the ways stakeholder decisions accurately, or inaccurately reflect declared values.  
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3.2 Results: Utility Analysis 

All 18 participants completed ranking of criteria, allowing utility scoring for all 18 

participants. Mean and median utility values are gathered from individual scores for all 18 

participants and reported in Table 2. It’s important to keep in mind that values are relative 

only to one another in each scenario, and that utility is a unit-less measure of usefulness. We 

assume that the decision-maker seeks alternatives with the greatest relative utility, thus a 

greater value in theory reflects a more desirable alternative.  

Table 3: Shown here is a calculation of utility scores from one participant’s workbook results. The participant ranked 
criteria from most important (6) to least important (1). Dividing each rank by 6 converts them to a 0 to 1 scale, used as 
criteria weight values (wi) in the utility function. Utility scores are then calculated by multiplying weight (wi) with 
performance measures (Ui) in Table 2 to generate a utility value of each alternative by each criterion. Values in each 
alternative’s column are summed to obtain an overall utility value for each alternative. As scored for the participant 
above, soft-bank stabilization has the greatest utility (2.876), followed closely by bank armoring (2.768). 

Table 2: Alternatives perform differently across each criterion. While performances are presented in 
qualitative terms in the workbook matrices (low, moderate, high), they are converted to a scale of 0 (poorest 
performing) to 1 (best performing) for calculating a utility score. For instance, it’s assumed that decision-
makers seek more effective alternatives, thus a performance measure closer to 1 is granted for alternatives 
deemed as more effective. Inversely, it’s assumed that decision-makers prefer a lower cost, so a performance 
measure closer to 1 is granted for lower cost alternatives.  In this way, performance measures closer to 1 
signify more desired criteria measure. 
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Utility Distributions 

 An alternative’s overall utility is a sum of value derived from each criterion. Due to 

differences in performance measures and participant assigned weights, the ratio of utility 

derived from each criterion differs across alternatives. Figure 3.1 displays the utility derived 

from each criterion as a part of the total utility score for each alternative. This provides a 

better visualization of where the utility, or usefulness of each project comes from. This is 

reported from the mean utility values reported in Table 3.3. 

 

  

Table 4: Outcomes of the 
application of a utility function to 
score alternatives in terms of 
relative utility, or usefulness, to 
each participant. We used an 
additive utility model that utilizes 
criteria weights gathered from 
each participant’s workbook 
responses, and performance 
measures for each alternative. 
Scores are aggregated from the 18 
participant utility scores to obtain 
a mean and median utility value 
for each alternative. 
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Figure 6: Overall utility of each alternative is a sum of the utility factored from each criterion. As 
illustrated in this figure, the differences in performance and participant weights generates differing 
distributions of utility across criteria. Such a figure can aid decision makers in understanding where 
certain tradeoffs exist among alternatives, and can contribute to a better decision outcome. 
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Sensitivity Analyses 

 A sensitivity analysis of utility values to weights can indicate how much influence 

decision-maker values have in determining utility. MAUT scoring methodologies are diverse 

and situation dependent, and as a result no single best method of sensitivity analysis is widely 

reported within relevant literature (Insua and French 2003). Useful modes of testing sensitivity 

are reported as general ‘rules of thumb’ that should be tailored to objectives of the analysis at 

hand. Within multi-criteria decision scenarios utilizing additive weight schemes, a sensitivity 

analysis involves assessment of variations in preference scores resulting from varying criteria 

weights.  (Butler et al. 2001, Triantaphyllou 1997).  

 By experimentally aligning heaviest and lightest weights with the strongest and 

weakest performing attributes of each alternative, a greatest and least possible utility value is 

calculated. Taking the difference of these values and dividing by the mean provides a measure 

of variation in MAUT score achievable through alternate weight schemes. This was carried 

out for each of the most preferred alternatives and reveals variations of 18% (soft bank 

stabilization), 27% (culvert upgrades), 17% (river corridor zoning), and 0% (wetland 

conservation). Outcomes show that participant assigned criteria weights bestow a range of 

influence on defining expected preference.   

  

Threshold for Re-prioritization 

 

As some alternatives are found to be more dependent upon criteria weight in defining 

expected preference value, it’s useful to know where a change in weight values could cause a 

re-prioritization of most-preferred alternatives. We determine this by systematically testing 

each possible criteria weight while keeping others constant, and noting the least change 

needed to cause a shift in most preferred alternative. We use the mean participant criteria 

weight values and resulting utility rankings as a baseline for this analysis. Within waterway 

stabilization projects, a reduction in mean weight of cost from 4 to 2 would designate bank 

armoring as most preferred instead of soft-bank stabilization. In community planning projects 

an increase in mean weight of social and political acceptance from 2 to 6 would make 

floodplain regulations the most preferred alternative instead of river corridor zoning. Within 

stormwater management and water retention projects, the second, third, and fourth ranked 

projects shift order with changing attribute weights, however the most preferred project does 

not. Results from sensitivity analyses indicate that some alternatives such as culvert upgrades 
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are much more dependent upon weight values for their dominant preference scores, while 

others, such as wetland land cover, are not (0% variation to weights). It must be noted that 

these results are useful in providing only a general idea of which criteria are influential in 

defining expected preference values, and to what shifts in those criteria weight values might 

be predicted to change a most preferred alternative.  

 

Follow-Up Interviews 

 

 A handful of stakeholders were contacted to meet for a follow-up interview and 

guided discussion on the results and implications of this work. Following an overview of the 

research and results gathered, interviews were structured around four questions; 1) Are these 

results what you might expect? 2) Among the groups and people you work with, do you 

perceive a distinction in willingness or preference for structured versus non-structured 

ecosystem-based flood adaptation alternatives? 3) Does this methodology seem to capture the 

main decision factors? 4) Do you perceive there to be a need for structured decision-making 

processes surrounding these types of projects? Discussion generated from each is summarized 

as follows. 

 1) Are these results what you might expect? Strong weighting of effectiveness and 

environmental impact was not surprising to any follow-up stakeholders. Some suggested that 

recent floods and geographic location of participants likely play a role in weighting results. 

Preferences for projects was also agreed to not be very surprising for a hypothetical situation. 

Soft-bank stabilization is often favored by local planning and conservation commissions, 

referred to here as the ‘poster-child’ of these groups in the region. Preference for river-corridor 

zoning received mixed feedback, and was surprising to some and not to others. All 

stakeholders in follow-up interviews expresses similar agreement that river-corridors are the 

single most effective means to avoid future flood damages, however they’re also the most 

controversial and socio-politically infeasible alternatives to implement.  

2) Among the groups and people you work with, do you perceive a distinction in willingness 

or preference for structured versus non-structured ecosystem-based flood adaptation 

alternatives? Overall follow-up stakeholders seem to feel that the distinction between human 

built and ecosystem-based flood adaptation alternatives does exist in peoples’ minds, although 

not always consciously. Some towns are much keener on developing certain management 

methods, while others have little say in what’s implemented. Technical capacity was 
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mentioned as often being an obstacle even where preference for ecosystem-based projects 

exists. Overall, there was agreement that preferences are often not the same as what ends up 

actually being implemented.    

3) Does this methodology seem to capture the main decision factors? Stakeholders overall felt 

that methodology captured the primary decision factors. However there were suggestions for 

additional criteria to consider such as maintenance and involvement of Departments of 

Environmental Services or Public Works. Co-benefits was cited multiple times as being very 

important, but that local-level decision-makers don’t always know how to consider them.  

4) Do you perceive there to be a need for structured decision-making processes surrounding 

these types of projects?  All stakeholders expressed frustration with the lack of defined 

decision processes in selecting flood mitigation and adaptation projects. Further, all report that 

there is a high degree of ambiguity on the advisory and decision-making roles of local and 

regional planning boards, Department of Environmental Services, and federal agencies like 

FEMA. Streamlining of decision processes into one that is concise and simple to understand, 

addresses local needs, and emphasizes ‘bang for buck’ over long term was suggested. For the 

issues being addressed here to gain consideration by stakeholders and municipal decision-

makers, outreach and policy needs to be developed. Certain things will not gain attention 

unless mandated, such as co-benefits. This was likened to the issue of rivers burning from 

pollution that were not addressed until passage of the Clean Water Act in 1972.ß  

 

3.3 Discussion 

 

Evaluating mitigation and adaptation alternatives by their utility provides a 

quantified means of understanding why some projects may be more useful than others. 

We can confirm that the decision tool developed here was successful at accounting for 

both an alternative’s performance and an individual’s values in determining a most-

preferred option for each participant. Without criteria weights, utility calculations 

return a ranking of alternatives by bare performance measures. Inclusion of criteria 

weights can return a different ranking of alternatives. In other words, within the same 

decision scenario the greatest scoring alternative for one person may not be the same 

for another. Application of MAUT to such scenarios can provide a structured way of 

selecting a most desirable option given an individual’s values.  
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Preferences for Utility 

 Parallels in first choice selections and utility value rankings suggests that our 

workbook method of decision analysis was able to pose decisions in a manner that allowed 

participants to effectively assess and ultimately select preferred options. This is demonstrated 

in that the most preferred alternatives are also those with greatest mean utility values. 

Comparison of preference selections with utility scores for each alternative provides a clearer 

look at this. Figure 3.2 presents a count of the number of participants most preferring each 

alternative compared with the number of instances where utility scores indicate a project as 

being the best choice. In other words, the number of people who actually did most prefer an 

alternative versus the number that would have if following utility value suggestions.  

Utility of Ecosystem-Based Alternatives 

In understanding preferences for EbA and natural infrastructure based alternatives, 

results suggest that when such alternatives are effective participants do prefer them. Three of 

the four most-preferred alternatives (soft-bank stabilization, river corridor zoning, and wetland 

conservation) could be categorized as forms of EbA. It would be misleading to claim that their 

dominance in preferences are due to their qualities as EbA alternatives, however, as each also 

owns high utility scores. Within the stormwater management scenario the natural 

infrastructure alternative (vegetated swales) was not most preferred. Instead the option with 

greatest utility value (culvert upgrades) was most selected, suggesting that preferences align 

more closely with perceived utility than EbA characteristics. 
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Preferences for river corridor zoning in the community planning scenario are 

surprising to both us and those interviewed following the study. Corridor zoning involves 

restricting development from a river’s floodway and meander belt, providing room for a river 

to move and flood while preserving the suite of ecological mechanisms that contribute to 

floodplain function (Vermont Flood Hazard Area and River Corridor Rule, 2015). Oftentimes 

this involves public acquisition of flood hazard and corridor areas, and subsequent retreat from 

these zones. The socio-political atmosphere of the rural Upper Valley is such that this form of 

zoning was expected to be unpopular, despite being the most effective manner for avoiding 

flood damage. Nine of thirteen participants selected corridor zoning as a most preferred 

option, indicating an understanding that such an alternative although likely unpopular, would 

be effective.  

A Typology of Common Management Practices 

 The alternatives we tested were selected for being alluded to by stakeholders as 

options for alleviating a particular flood problem or vulnerability. One of the largest 

Figure 7: Comparison of counts of participant preference selections with the number of instances utility scores 
demonstrated each alternative as being the greatest value. It’s important to note that 18 utility scores are used, while 
only 13 actual participant preferences were selected. Still, the outcome of most preferred alternatives being those 
with the greatest utility values is apparent. 
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difficulties in comparing the application of these alternatives is that they don’t all do the same 

thing. While the alternatives compared within each scenario may act to address a certain need, 

such as stabilizing a waterway or enhancing management of stormwater, they may do so 

through different mechanisms. For instance, rock vanes work to reduce flow velocity of a 

stretch of river and lessen the erosive force of water on riverbanks. In a similar theme but 

different manner, bank armoring enhances the ability of the riverbank to resist the erosive 

force of water. An example within planning topics, increasing freeboard heights can reduce 

the amount of damage from a flood, however river corridor zoning removes the risk of flood 

by reducing development of flood prone areas.  

 Alternatives also differ in their function beyond intended flood management 

outcomes, as conveyed through co-benefits. While co-benefits wasn’t ranked particularly 

important as an attribute by our participants, most-preferred alternatives are high in co-benefit 

performance, except for culvert upgrades. The need for effective stormwater management was 

made clear following Tropical Storm Irene (2011) and Superstorm Sandy (2012), when the 

consequences of undersized infrastructure was made widely apparent. As a result it might be 

expected that stakeholders are most interested in what’s effective, especially when it comes to 

stormwater.  

Since USACE was tasked with implementing flood control projects for the United 

States, floods have been treated as something to be controlled and managed. Through the use 

of dams, levees, retention basins, and perhaps even the National Flood Insurance Program, 

otherwise naturally occurring floods could be controlled, allowing development to occur just 

about anywhere. The very existence of many developed stretches in the Connecticut River 

corridor today attests to this, many of which exist completely within the 100-year floodplain. 

It’s no surprise that under such a paradigm the value of riparian habitats, river bends, and 

natural debris in mitigating or slowing flood peaks would be under-realized. However, the 

preferences we find for alternatives that utilize natural capital, provide co-benefits, and in 

some cases fundamentally change the way we interact with the environment might be 

evidence of a shifting perception of flood. Instead of attempting to mitigate the impacts of 

floods expected as rarely occurring, the implementation of riparian restoration over rip-rap, 

and river-corridor zones in lieu of raised freeboard heights treats the occurrence of flood as 

regular and to be expected. These actions embody the idea of adaptation, living with floods, 

more than control, and fit within the larger objectives of climate adaptation. 
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Still within the shadow of devastating storms Irene and Sandy a readiness to 

reconsider the relationship between the built and natural landscape is palpable within the 

groups we engaged with in the Upper Valley. Open discussions revealed a firm understanding 

that floods happen regardless of the control and mitigation mechanisms in place, and that the 

results can be extreme. This outlook is captured in the results of attribute rankings and 

alternative management preferences, and suggest that a social and cultural window of 

opportunity currently exists through which policy and regulatory actions should act.  

While the alternatives tested here were posed as singular actions, in reality each might 

by implemented to some degree through a suite of adaptation measures. Often cited by 

stakeholders, community planning and zoning ordinances can set the initial stage for many 

needed changes. For instance, standardizing larger culverts, requiring percent pervious surface 

cover, and better utilizing floodplain areas can all begin on paper through town planning 

efforts. Similarly, having a set of go-to options available for addressing specific riparian and 

river morphology issues could streamline the process for dealing with both predicted and un-

predicted needs. Thus it seems that future efforts will not be a matter of selecting among the 

alternatives here, but instead choosing a suite of alternatives that best fit a community’s needs 

and values. Implementing those mitigation and adaptation efforts will begin in the town 

planning office, and progress through procedural steps, setting in place technical capacity, and 

collaboration with regional, state, and federal entities to draw a common-goal driven 

framework for moving forward. Doing so will result in long-term adaptation efforts occurring 

on an even and organized manner, and reduce the need for reactive and piecemeal action.  

4.0 Conclusions 
This study aims to test a means for including local-level preferences and values into 

climate adaptation planning. We created a workbook decision tool to pose participants with 

realistic flood vulnerabilities, introduce decision scenarios for addressing them, and initiate a 

structured process for evaluating alternatives and assigning preferences. The workbook 

exercise took from 30 minutes to an hour to complete and asked participants to assess a broad 

range of information and tradeoffs. Rankings of criteria illustrate effectiveness and 

environmental impact as being the most important, and aesthetics the least to the stakeholders 

engaged here.  Preference assignment results indicate that the four most preferred alternatives 

(using mean and median) are also those with the greatest utility values. While three of the four 

most preferred alternatives are considered ecosystem or natural capital based, we cannot 
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conclude that preferences for them are solely due to this quality. Given the overall agreement 

in most preferred alternatives with greatest utility scores, it seems that the workbook format of 

decision analysis enabled participants to effectively evaluate alternatives across criteria and 

make logical best-choice decisions. If natural infrastructure and EBA alternatives are to gain 

traction in adaptation planning at the local level, they must be demonstrably effective as other 

options. Moreover, the co-benefits available from such alternatives should be made clear and 

relevant to the local community. 

Discussion generated following workshops and from open-ended feedback lends 

insight to the applicability of such a method to real-world scenarios. It seems that such an 

exercise is effective at generating discussion on values and decisions, a valuable component of 

decision-making. As a tool, this method of MCDA captures the types of tradeoffs and 

considerations involved with flood adaptation and mitigation projects. Utility functions 

provide a way of visualizing differences in usefulness, and visually depict tradeoffs inherent to 

selecting one alternative over another. The usefulness of such an exercise might be limited, 

however, as composing such an analysis requires time and administrative organization that 

many local entities may lack. It was suggested that utility analyses may be most useful at 

“flavoring a larger message” to groups of stakeholders with various levels of expertise and 

knowledge.  
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6.0 Appendices of Figures and Tables 
 

A Brief Hydrologic Analysis of the Upper Valley 

To obtain a better understanding of the UV’s flood history, we looked to compare 

flood event counts across the Connecticut River. Flow and stage data has been collected from 

the Connecticut River at West Lebanon since 1916 by the U.S. Geological Survey’s (USGS) 

river gauge network. Examining historic peak flow data for West Lebanon (USGS gauge 

#01144500) in comparison to locations north and south reveals that the Upper Valley segment 

of the Connecticut has flooded frequently, perhaps more so than any other monitored stretch 

of the River within New Hampshire (Appendices Figure 2). Utilizing USGS gauge data along 

with watershed drainage area characteristics, an estimate of the millimeters of precipitation 

needed to cause a flood can be calculated for each gauge location. Those values reveal that the 

Upper Valley in West Lebanon owns the lowest threshold for flood causing precipitation, 

where a 10.53 mm rain event occurring over the entire watershed drainage area might be 

expected to cause flooding. Taken together, this suggests that the Upper Valley not only 

Figure 8: A diagram representation of the SES approach. Social-ecological factors influence the 
performance of ES bundles that produce human benefits on multiple levels. Those benefits 
produce environmental management and policy responses, which may cycle back to produce 
changes in social-ecological factors (Reyers et al. 2013). 
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floods more frequently, but also requires a lower amount of rain to cause a flood than 

elsewhere along the river.  
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Table 5: Flood issues identified through value gathering and engagement with stakeholder groups. 

Figure 9: Comparison of the number of declared flood events along portions of the Connecticut River 
1930 to present. 
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Figure 10: Multi-criteria decision analysis is defined by the comparison of multiple alternatives across a set of distinct measures, 
referred to as criteria. Here we depict the criteria used to evaluate flood mitigation and adaptation alternatives in each of the 
four flood vulnerability scenarios. 

Figure 11: The final matrix for waterway stabilization alternatives, as included in the workbook exercise. Four alternatives are 
compared by six criteria useful to selecting preferences for implementation in a decision-scenario. 
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Table 6: Mean and median results of preference selections for alternatives as reported in Chapter 2 results. 

 Bank 
Armoring 

Soft-Bank 
Stabilization 

Channel 
Realignment 

Channel 
Slowing 
Features 

Mean 2.67 1.92 3.25 2.17 

Median 3 1.5 4 2 

 

 

 

 

 

 

 

 
 

 

 

 

 

 Culvert 
Upgrades 

Roadbed 
Upgrades 

Permeable 
Ground 
Cover 

Vegetated 
Swales 

Mean 1.92 3.17 2.42 2.5 

Median 1.5 3 2 2.5 

 Increasing 
Freeboard 
Height 

Floodplain 
Regulations 

Buyout of 
RLP 

River 
Corridor 
Zoning 

Mean 3.38 2.08 2.92 1.62 

Median 4 2 3 1 

 Wetland 
Cover 

Built 
Catchment 

Flood 
Control 
Dam 

Mean 1.23 1.85 2.92 

Median 1 2 3 

Figure 12: Radar chart depiction of assigned 
criteria weight values (mean) by participants 
in decision scenarios. The top chart reports 
criteria weights for scenario 1 decision 
matrices, scenario 2 decision matrices are 
reported in the bottom chart.   
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7.0 Appendix: Research Brief Submitted to Community Stakeholders 
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8.0 Appendix: Manuscript Submitted to the Journal of Ecology and 

Society 

 
INTRODUCTION 

 
 Causing almost $8 billion in damage and over 80 fatalities each year, flooding 

is the most damaging weather-related hazard event in the United States (based on 30 

year averages, National Oceanic and Atmospheric Administration 2014). Inland flood 

risks are defined by a range of environmental and community factors, including land 

use and management (Wheater and Evans 2009). Impacts of climate change are 

projected to include increasing risk of flood in many regions (DeGaetano 2009, 

Horton et al. 2014). Under changing variables of land management and climate, the 

need for communities to adapt to current and future flood risks is clear. 

To best address flood vulnerabilities, efforts should draw on local stakeholders 

to “discuss, analyze, and then determine which adaptation strategies to implement 

based on [a community’s] specific vulnerabilities to climate change and local 

economic, environmental, and social conditions” (Wake et al. 2014). Herein lies an 

obstacle; how to best incorporate valuable local knowledge into adaptation planning, 

and account for preferences of local authorities, organizations, and general citizens in 

decision-making processes? In a review of local, regional, and state decision makers, 

Brody et al. (2013) identified a low level of consideration for climate adaptation in 

policy-making and planning agendas. This suggests a need for improved engagement 

with local level-decision makers in addressing adaptation objectives. 

 

Alternatives for addressing flood risk exist along a spectrum of human-

engineered projects, to ecosystem-based alternatives. Use of natural capital in meeting 

adaptation needs is intriguing from an ecological and economic standpoint. In a global 

landscape under increasing pressures by land development, resource demands, and 

loss of biodiversity, there is growing international interest in the use of ecosystem-

based projects. Concepts such as Building with Nature (van den Hoek et al. 2014), and 

ecosystem-based adaptation (Munang et al. 2013) are based on valuing natural 

infrastructure and ecosystem services as means of meeting adaptation needs. Touting 

the human community benefits of maintaining ecosystem functionality, such as flood 

mitigation and water quality maintenance, can provide a compelling argument for 

ecosystem-based projects. Moreover, by highlighting the use of natural capital that 

freely exists and provides multiple benefits, the concept of ecosystem-based projects 

can appeal to those acting under a cost-benefit framework.  

This paper focuses on the local level decision-making piece of climate 

adaptation in a flood prone region of the Connecticut River watershed in New 

Hampshire and Vermont. Using a method of multicriteria decision analysis, we 

developed a workbook tool to introduce stakeholders to four scenarios of flood 

vulnerability, and guided them through a decision process for assessing alternatives 

and selecting a most preferred option for addressing each. Testing preferences for both 

structured options (bank armoring, flood control dams, etc.) and ecosystem-based 
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options (soft-bank stabilization, wetland conservation, etc.), we sought to understand 

if municipal and regional level decision-makers and stakeholders hold preferences for 

some types of flood mitigation and adaptation alternatives, and what aspects of those 

alternatives may drive such preferences. 

 

Recognizing the role of ecosystems in adaptation efforts  

 

 Ecosystem Based Adaptation (EBA) is defined as the “the use of natural 

capital by people to adapt to climate change impacts, which can also have multiple co-

benefits for mitigation, protection of livelihoods and poverty alleviation” (Munang et 

al. 2013). EBA measures have been described as ‘no-regret’ alternatives, often 

providing adaptation gains along with a suite of co-benefits that make some projects 

more cost-effective and less intrusive than built alternatives (Munang et al. 2013, 

Thieken et al. 2014). In practice however, the ecosystem service benefits inherent to 

EBA projects may be difficult to perceive, and prone to escaping consideration by 

decision makers. This can lead to an under-valuing of EBA alternatives even where 

they may offer best-choice alternatives. As local participation will be important to 

meeting adaptation needs, the question arises as to how diverse stakeholders and 

decision-makers perceive and evaluate EBA flood measures when compared with built 

alternatives. We address this question by including co-benefits as a criterion to 

consider in assessing alternatives for mitigating and adapting to flood. 

  

Including stakeholder input 

 Inclusion of stakeholders in flood planning activities can provide a more full 

understanding of the tradeoffs being considered, and generate community acceptance 

of decision outcomes. While we can identify a range of benefits associated with 

ecosystem-based alternatives, only local input can truly identify how useful such 

benefits are in local context to themselves and the community (Sagoff, M 2011). By 

having local actors (planners, river commissioners, landowners) navigate the decision 

process themselves, we can obtain a more full understanding of the value of each 

alternative. Stakeholder input is also critical in addressing local concerns, and to 

promote successful implementation of projects dealing with local resource 

management and community risk factors (Seager et al. 2006, Simonovic and Akter 

2006, Reed 2008, Rogers 2012).  

    

Research setting 

 

With over 16,000 miles of streams and rivers it’s not surprising that inland 

flooding is the most common natural disaster event in New Hampshire (New 

Hampshire Department of Safety 2013). In 2011, hurricane Irene brought more than 

$1.3 billion in cumulative damage to the upper watersheds of both Vermont and New 

Hampshire, specifically along the Connecticut River corridor (Scarllet and Maillet 

2014). The largest watershed east of the Mississippi River, the Connecticut River 

flows more than 600 miles from headwaters in Quebec through Vermont, New 

Hampshire, Massachusetts, and into the Long Island Sound in Connecticut. In the 
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northern rural reaches of the Connecticut watershed, the Upper Valley (UV) is a 65 

km stretch of river that includes towns in both Vermont and New Hampshire. While 

the Connecticut River is highly manipulated by dams, the upper reaches of the 

watershed hold a relatively high number of free-flowing tributaries, creating seasonal 

changes in flow akin to natural flood regimes (Anderson et al. 2010). More than one 

such tributary meets the Connecticut in the UV, giving the region a history of frequent 

flooding. Already vulnerable to flooding, the UV serves as an appropriate setting for 

research on flood related decision-making but we will show that this methodology is 

potentially applicable to flood prone regions throughout the globe. 

 
Research questions 

 
Working with communities in the Upper Valley of New Hampshire and Vermont, this 

study examined 1) if stakeholder preferences exist for certain projects in preparing 

their community for future floods, 2) if those preferences support ecosystem or natural 

infrastructure based projects versus built alternatives, and 3) to test a method of 

structured decision-making with local stakeholders 
 

METHODS 
 
We sought to develop a framework for evaluating distinct flood preparation 

alternatives that accounts for individual values and preferences. Gregory and 

Wellman’s (2001) application of a community-based evaluation tool in selection of 

estuary ecosystem management alternatives is especially informative here. In their 

study, a workbook was constructed to guide community participants in selecting 

project specific tradeoffs, and eventual identification of best management options 

among a set of alternatives. They found this method to be effective at generating 

understanding of management options and leading stakeholders to select alternatives 

that best support their values. With this work in mind, we developed a decision 

exercise for selecting flood planning alternatives.  

A decision analysis format is needed that can include diverse sets of 

information such as cost, environmental impact, effectiveness in reducing flood 

damage, and provision of co-benefits. Multicriteria decision analysis (MCDA) is one 

such method, and provides a structured framework for assessing alternatives across a 

spectrum of criteria that own differing scales of measurement. MCDA techniques are 

especially useful in decision scenarios that involve diverse stakeholder interests and 

levels of knowledge. By using a transparent process of visualizing inputs to a decision 

scenario, MCDA can account for multiple value systems and objectives to promote 

identification of a most agreed upon course of action in group decisions (Jordan and 

Turnpenny 2015, Kiker et al. 2005, Linkov et al. 2006, Mendoza and Martins 2006, 

Seager et al. 2006). We used a multi-criteria framework in our analysis of flood 

preparation alternatives.  

 
Identification of issues and stakeholder groups 
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To begin, we narrowed the project focus beyond ‘flooding’ to pinpoint specific flood 

vulnerabilities of concern within study area communities. New Hampshire’s State 

Hazard Mitigation Plan categorizes inland flood hazards into four subheadings: debris 

impacted and undersized infrastructure, riverine erosion and scouring, rapid snowmelt, 

and ice jam flooding. Direct stakeholder engagement is needed to further identify 

actual issues of concern to decision makers and general residents (Keeney 1992). 

Engaging with a regional river commission, an adaptation workgroup, and general 

residents through informal meetings and focus groups we identified a range of topics 

of concern to the region (Table 1). Using this information, an objectives hierarchy was 

constructed to expand the overall objective of ‘reduce vulnerability to flooding’ to a 

set of fundamental-objectives (Figure 1). 

 

TABLE 1 

FIGURE 1 

 

Crafting decision scenarios 

 

 Communities have a range of projects or initiatives to select from in addressing 

flood vulnerabilities. Making the decision of which projects to implement can be 

difficult, and involves considering diverse factors such as costs, effectiveness, 

environmental impact, and social acceptance. Using an MCDA framework, we 

designed a workbook to place participants in a hypothetical yet realistic scenario in 

which their community is planning to use community resources (time and money), to 

implement some flood mitigation or adaptation project. We posed four decision 

scenarios that reflect the four fundamental-objectives identified in Figure 1. Using 

state and federal project databases as well as local stakeholder input, means-end 

diagrams were drafted to understand how flood objectives can be addressed through a 

range of alternative projects (Figure 2). Scenarios and alternatives are meant to reflect 

realistic options being considered within the region. To address the research questions 

at hand, both built and ecosystem-based alternatives are posed. 

 

FIGURE 2 

 

Defining criteria  

The core feature of multi-criteria decision analysis involves evaluation of a set 

of options by multiple criteria. Criteria may be describable in qualitative or 

quantitative measures, and must be relevant to every alternative being considered 

(Keeney, R. 1992). We selected seven criteria upon which to evaluate alternatives; 

cost, effectiveness, environmental impact, co-benefits, project lifetime, social and 

political acceptance, and aesthetics. Experts, in this case two fluvial geomorphologists 

and two planners, were contacted to assist in developing performance measures of 

each alternative across each criteria. A matrix format used to present alternatives and 

associated criteria measures in workbook surveys (Figure 3).  
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FIGURE 3 

 

Data gathering 

 We organized and facilitated three workshops to implement the workbook 

exercise with stakeholder groups, each taking an hour to complete. After an 

introductory presentation on the project and background on alternatives to be 

evaluated, participants were asked to rank alternatives from most to least preferred for 

implementation in their community. Following this, participants were asked to rank 

criteria from most (1) to least (6) important to consider in making their selection of 

preferred projects. Together, these responses give an understanding of which projects 

an individual finds most preferential for each scenario, and which criteria they deem 

most important to consider. This information is fed into a method of MCDA scoring 

that generates a measure of utility of each alternative for each participant. Utility 

values are considered here as indicating a measure of usefulness to a particular 

participant. Follow-up discussions were initiated with a small group of participants 

and local planners some months following workshops to obtain feedback on results 

and reactions to the methodology. 

 
Multiattribute utility scoring 

 

Multiattribute utility theory (MAUT) offers a way of evaluating a decision 

scenario, and aims to find the most utility among a set of alternatives. MAUT assumes 

that a person most prefers alternatives perceived as providing the most utility to them. 

We applied an additive MAUT model described in Butler et al. (2001) and Kiker et al. 

(2006) to calculate utility values for each alternative (Equation a). By employing 

criteria weights MAUT can generate a scoring of alternatives to a personalized set of 

important criteria (Linkov et al. 2006). The outcome is a utility score for each project 

tailored to each respondent’s declared values (as measured through weighting of 

criteria). Scores give a ranking of projects from greatest to least utility. Assumptions 

of preference and utility independence must be made for this model to be effective, 

and are described in detail by Dyer, J. (2005). Equation (a) is a commonly used 

additive MAUT model:  

 

<eqn1>     (Equation a) 

 

where X = (X1, X2,…Xn) is an alternative being considered across a set of 

attributes (i) with performance measures of (ui), and weight measures (wi) for each 

attribute (Butler et al. 2001). Thus u(X), or the overall utility alternative X, is the sum 

of the products of performance and weight measures of alternative X on each attribute 

being considered in the scenario. Since this form of scoring is additive, it allows for 

high scoring attributes to compensate for lower scoring attributes (Kiker et al. 2006). 

To use this method we convert the qualitative criteria measures of each alternative to a 

scale of 0 to 1, with 1 being a more favorable performance. Participant ranking of 

criteria importance is converted to a similar scale of 0-1, with 1 being the most 
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important criteria to a participant. Tables 2 and 3 below depict the utility scoring 

methodology using one participant’s results. 
 
 

TABLE 2 
TABLE 3 
 

RESULTS 
 
Over the course of three workshops, 18 stakeholders completed workbooks. There was 

an even representation of participants each New Hampshire and Vermont. Nine 

participants identified themselves as holding some form of decision-making position 

in their town, while 6 did not, and 3 did not identify. All participants have some level 

of college education or higher. 

 

Perceptions of risk and environment 

 Only one participant reported a lack of flood risk perception in their town. Of 

the 17 purporting to be at risk, 11 feel that the risk of flood is greater today when 

compared to in the past. Participants perceive their community’s greatest risk of flood 

to be posed by streams or brooks (10), stormwater runoff (9), a large river (7), medium 

to small rivers (5). When asked for agreement with the statement of: “Local 

environmental factors such as; land cover, riverbank structure, and wetland or forest 

areas play an important role in determining the severity of floods”, all participants 

report to ‘strongly agree’ (16) or ‘agree’ (2). 

 

Attribute weighting 

 

Table 1 shows the mean criteria weight values for each decision scenario. 

Weightings are highly similar amongst each; effectiveness and environmental impact 

are consistently highly weighted, followed by cost. Aesthetics was the lowest weighted 

criterion in all four scenarios. Co-benefits were also consistently assigned a low 

weight (average less than 2 of maximum weight of 6) in all four scenarios.  

 
 

Multi-criteria decision outcomes  

 

While all 18 participants completed ranking of criteria, not all alternative 

preference rankings were completed. Because only a criteria weight is needed from 

participants to carry out the additive MAUT function, utility scores of alternatives can 

be calculated for all participants. However, actual preferences are gathered from only 

13 participants. Participant rankings of alternatives in terms of preference order are 

reported below for each of the four decision scenarios (Table 5). Ranking is in order of 

most preferred (1) to least preferred (4, or 3 for water retention alternatives).  

 

TABLE 5 
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Utility distributions 

 

 An alternative’s overall utility is a sum of utility derived from each criterion. 

Because alternatives perform uniquely on each criterion, and participants assign 

weights differently, the ratio of utility derived from each criterion differs across 

alternatives. Figure 4 illustrates this by presenting overall utility of each alternative as 

derived from each criterion. This provides a way of visualizing the value of each 

alternative, and the tradeoffs made when selecting one over another. For instance, 

selecting bank armoring over soft-bank stabilization would yield a gain in 

effectiveness for a loss of cost, co-benefit, and aesthetic value. Figure 4 uses mean 

utility values from all participants. 
 

 FIGURE 4 

 
DISCUSSIONS 

 

Workbook survey results, utility scores, and follow-up discussions provide basis for 

discussion of our original research questions.  

 

Do preferences exist, and what drives them? 

 

In the scenarios posed here, preferences do exist for certain alternatives in addressing 

flood vulnerabilities. High agreement in criteria weighting show that the stakeholders 

engaged here are most concerned with a project’s effectiveness and environmental 

impact. These criteria are weighted heavier than cost, among others. Notably, aesthetic 

attributes are consistently deemed least important. This indicates that participants may 

view community funds as being justly spent on projects that aren’t necessarily the 

cheapest option, or the prettiest, as long as they’re demonstrably effective and not 

overly degrading.  

 

Preferences for utility 

 

 Participants’ ability to judge the relative utility of alternatives is demonstrated 

by the parallel ranking of preference selections with alternatives of greatest utility 

value. Especially notable are preferences for river corridor zoning in the community 

planning scenario. Corridor zoning involves restricting development from a river’s 

floodway and meander belt, providing room for a river to move and flood, and 

preserving the suite of ecological mechanisms that contribute to floodplain function 

(Vermont Flood Hazard Area and River Corridor Rule, 2015). Oftentimes this 

involves public acquisition and subsequent retreat from flood hazard and corridor 

areas. The socio-political atmosphere of the rural Upper Valley is such that this form 

of zoning was expected to be unpopular, despite being the most effective manner for 

avoiding flood damage. Nine of thirteen participants selected corridor zoning as a 
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most preferred option, however, indicating an understanding that such an alternative 

although likely unpopular, would be effective. 

 

Ecosystem-based versus built measures 

 

Three of the four most-preferred alternatives (soft-bank stabilization, river 

corridor zoning, and wetland conservation) could be categorized as forms of EBA. It 

would be misleading to claim that these preferences are due to their ecosystem-based 

qualities, however, as each also owns high utility scores. Within the stormwater 

management scenario the EBA alternative (vegetated swales) was not most preferred, 

instead the option with greatest utility value (culvert upgrades) was. This seems to 

suggest that preferences align more closely with and alternative’s utility than its 

characterization as an ecosystem-based option.  

The appeal of EBA alternatives comes from the provision of ecosystem 

services and use of freely existing natural capital to address vulnerabilities in ways 

that traditional built measure may not (Munang et al. 2013). We used co-benefits as a 

criterion for conveying EBA advantages, co-benefits ranged from habitat provision 

and water quality maintenance, to recreational space, depending on the project. 

Overall, co-benefits was ranked as less important than criteria of effectiveness, impact, 

and cost in our scenarios.  

Follow-up discussions with stakeholders revealed the importance of “bang for 

buck” value in project selection, and the role of co-benefits in strengthening such 

value. It was suggested that to truly stimulate consideration of co-benefits in project 

evaluation, state policies may be needed to guide such a process. This brought to light 

a larger lack of understanding among local groups, planning bodies, and state agencies 

in what the current decision processes are. Actual project implementation decisions 

are oftentimes made by state agencies, and many of the stakeholders involved here 

lacked a concrete understanding of how that process occurs. 

 

Insights for application 

 

The question remains as to how transferrable these preferences are across 

various adaptation needs and locations. Indeed it should be expected that in a given 

scenario people hold a preference for dealing with a problem a specific way. Follow-

up discussions suggest that the distinction in built versus ecosystem-based alternatives 

does exist, consciously or not, and is reflected in current discussions of community 

planning and river commission groups. In ideal situations stakeholders may push for 

ecosystem-based alternatives in addressing flood vulnerabilities. However, ideal 

situations may not always exist and other factors such as timeliness of implementation, 

technical capacity, and limited funds come into play. An example cited more than 

once is the need for stabilizing an eroding riverbank quickly and effectively. Methods 

of bank armoring such as riprap, lining of a bank with concrete or rock rubble, can be 

implemented immediately to reduce erosion and provide dependable structural 

reinforcement. Restoring riverbank structure through softbank stabilization often takes 

longer to implement and become fully functional. While preferences exist for this 
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approach, it may be difficult to justify when results are needed immediately and 

technical capacity is rigid. 

It’s also important to consider the greater applicability of the decision 

scenarios tested. Clearly not all alternatives are an option when dealing with a 

particular vulnerability. For instance, wetland areas don’t exist in all communities. 

While participants clearly indicate they would prefer to conserve wetlands to retain 

water and mitigate flood peaks, they simply might not be able to do so. This highlights 

where inter-municipality coordination, guided by state or federal agencies, can play a 

role in implementing projects that provide benefits across political boundaries. Such 

efforts could cultivate a shared perception of flood vulnerability, and promote 

collective decision making in addressing them (Pahl-Wostle 2006).  

  

Effectiveness as a structured decision-making tool 

 

Workbooks were crafted to pose participants with realistic flood vulnerabilities, to 

introduce decision scenarios for addressing them, and to lead them through a 

structured process for evaluating alternatives and assigning preferences.  To some 

participants survey fatigue may have inhibited full completion of the survey (14 of 18 

participants completed all rankings and questions). Still, alignment of most preferred 

alternatives with those of greatest utility value suggests the workbook format of 

decision analysis enabled participants to effectively evaluate and identify preferred 

alternatives.   

This exercise was effective at generating discussion on values and decisions, 

an important component of decision-making. As a tool, our MCDA framed workbook 

captures the array of criteria and tradeoffs involved with many adaptation and 

mitigation projects, and utility functions provide a way of visualizing the tradeoffs 

inherent to selecting one alternative over another. We recommend the use of such a 

tool in other decision settings, and suggest that utility values might even be considered 

predictors of stakeholder preferences, as they were found to be here.  

 

CONCLUSION 

 

Through stakeholder engagement we identified a set of flood concerns and 

vulnerabilities in the Upper Valley region of New Hampshire and Vermont. 

Stakeholder input was used to construct an objective hierarchy to understand how 

concerns are addressed by a set of flood mitigation and adaptation alternatives, 

including structured and ecosystem-based projects. An interactive workshop and 

workbook survey tool was designed to mimic community decision scenarios, and 

promote a multi-criteria evaluation of flood preparation alternatives. Implementing the 

workbook survey tool in three facilitated workshops, we conclude that preferences do 

exist for dealing with specific flood related vulnerabilities, and those preferences are 

driven most strongly by measures of effectiveness and environmental impact, and least 

influenced by aesthetics. While preferences may often be espoused for implementing 

ecosystem-based adaptation (EBA) measures in lieu of traditional built flood 

mitigation, we find that these projects are only likely to be implemented if they are 
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also clearly as effective as other options. We find that a multi-criteria framework of 

evaluating environmental projects did promote consideration of the diverse spectrum 

of tradeoffs involved with such scenarios, and that in this instance utility values are a 

good predictor of stakeholder preferences. Such a framework may be especially useful 

in framing group decisions that involve varying levels of expertise and personal 

values, as is often the case in climate adaptation planning.  
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ES Figure 2
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ES Figure 3 

ES Table 1  

Stakeholder identified flood issues of concern: Stakeholder discussed actions for addressing issues 

of concern:  

Intense storm events Inventory and understand vulnerabilities, 

improve resilience of infrastructure, 

emergency response programs 

Riverbank erosion Reinforcement of riverbanks, deadwood 

reinforcement, regulation of local dam 

‘ramping’ rates, wider river setback zoning 

Loss of river channel morphology Channel realignment projects. 

Management of floodplains Replanting floodplain forests, permitting of 

floodplain activities, reviewing town planning 

process 

Preserving community vision and character Review of town planning process, permitting 

of floodplain activities 

Stormwater management capacity Improve resilience of infrastructure 

Rising costs of flood insurance Monitor phase-in of insurance rate changes 

Role of climate change in future flood 

frequencies 

Improving community awareness of climate 

change impacts 

Connecticut River dam operations 

management 

Take part in dam relicensing process, request 

erosion studies 
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ES Table 4 
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ES Table 4 

 

 

ES Table 5

Attribute Waterway 

Stabilization 

Runoff 

Management 

Community 

Planning 

Water 

Retention 

Effectiveness 3.6 3.27 4.5 3.38 

Environmental Impact 2.84 2.92 2.57 3.18 

Cost 1.69 1.83 1.57 1.57 

Co-benefits 1.3 1.32 1.37 1.38 

Lifetime 1.54 1.54 - - 

Social and Political 

Acceptance 

- - 1.42 1.35 

Aesthetics 1.17 1.15 1.22 1.27 

Alternative Mean Median 

Bank Armoring 2.67 3 

Soft-bank stabilization 1.92 1.5 

Channel Realignment 3.25 4 

Channel slowing features 2.17 2 

Culvert upgrades 1.92 1.5 

Roadbed upgrades 3.17 3 

Permeable Ground 2.42 2 

Vegetated Swales 2.5 2.5 

Increasing Freeboard 3.38 4 

Floodplain Regulations 2.08 2 

Buyout of RLP 2.92 3 

River Corridor Zoning 1.62 1 

Wetland Cover 1.23 1 

Built catchments 1.85 2 

Flood control Dam 2.92 3 
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9.0 Appendices: Workbook Survey Tool 

Cover Page: 

Community Flood Preparedness 
 

How can your town begin to adapt? 
 

 
Principle Investigators: 

Jonathon Loos, M.S. Candidate 

Shannon Rogers, Ph. D. 

 

Center for the Environment, 

Plymouth State University 

  

 
 

 

 

 

 
 

 

 

 

 

 

 

 

[CAN BE PLACED ON FIRST PAGE, OR BACK OF TITLE PAGE] 

This workshop is part of a study on decision-making and flood 

preparation in Upper Valley communities. This workbook has been 

designed to gather your input to answer specific research questions. 

As a participant in this workshop, your involvement is central to this 

research. The intended outcome of this project is to provide a better 

understanding of how communities and policies in the Upper Valley, 

and other flood prone regions, can better support flood preparedness 

at the local level.  

Please know that your time in this workshop is highly valued and 

appreciated. Don’t hesitate to ask questions on any material at any 

time. 

Thank you. 

Jonathon Loos 
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Background Information 
 

1. Where do you live? Town/State:      _____________________________ 

(OR)  

Prefer not to say. 

2. How long have you been a resident of that town?  

a. 0-5 years 

b. 6-15 years 

c. More than 15 years 

 

3. Did you consider the risk of flooding when making the decision to live in your 

current town? 

a. Yes 

b. No   

c. Unsure 

 

4. Do you perceive your community to be at risk of flooding?  

a. Yes 

b. No 

c. Unsure  

If answered (c. Yes) to question 4., please answer questions 4A and 4B: 

4A. How do you perceive the risk of flood to your community today, compared 

to when you first moved there? 

a. Greater today 

b. Less today 

c. About the same 

d. Unsure 

4B. In your community, would you suppose that the greatest risk of flood is 

posed by:  

e. A large river, such as Connecticut R. 

f. Medium or small river, such as the Mascoma River 

g. Streams or brooks 

h. Stormwater or rain runoff 

i. Other______________ 

 

5. Has your own personal property (residence, vehicle, belongings, etc.) ever 

been damaged by flood or runoff waters?  
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a. Yes 

b. No 

c. Unsure 

6. Please indicate to what level you agree with the following statement:  

“Local environmental factors such as; land cover, riverbank structure, and wetland 

or forest areas play an important role in determining the severity of floods.” 

a. Strongly agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly disagree 

 

Mitigation Projects 
 

The term ‘mitigation’ means to lessen the intensity, severity, or consequences of 

something negative. In planning for natural hazards, mitigation efforts aim to lessen 

the damage that results from a destructive event, such as a flood. The objective of 

flood mitigation projects is to reduce the amount of damage and loss from a flood.  

Oftentimes, flood mitigation projects work to enhance community structures and 

better manage the movement of water. As introduced in the presentation, mitigation 

projects may involve built improvements to community structures, as well as 

supporting natural features of a landscape. 

The inserted page of tables presents a range of projects that a community might 

undertake to reduce damage from future flood events. Projects are organized into two 

categories; those that contribute to waterway stabilization, and those that manage 

stormwater runoff. Projects in each table are presented with factors that might be 

considered when deciding whether to implement each. Please consider the flood 

preparation scenario below, and then use Tables 1 and 2 to answer the questions 

that follow. 

[TABLE 1 PAGE] 

[TABLE 2 PAGE] 

Scenario: Your community is looking for ways to reduce the level of damage 

and loss caused by the next flood. A 250 ft. segment of waterway in your area 

has been identified as especially vulnerable to erosion and collapse from high 

waters. Additionally, local stormwater structures and roads have experienced 

damage from runoff in past storms. Your town is considering waterway 

stabilization projects in Table 1 and runoff management projects in Table 2 to 

address these problems for the next flood event. 
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Considering only Table 1, use the Priority Ranking row to indicate the priority that 

you would give each waterway stabilization project for implementation in your 

community. Use numbers “1” to indicate highest priority, “2” to indicate second 

highest priority, and so on for each project. 

 

1. When deciding whether to implement the projects in Table 1, which criteria 

are most important to consider? Please indicate this with a rank from 1 (most 

important) to 4 (least important) of the criteria below. 

Cost ($)   ___ 
Environmental Impact ___ 

Effectiveness ___ 

Co-benefits ___ 
Lifetime ___ 
Aesthetics ___ 
 

2. Of the projects presented in Table 1, is there one that should NOT be pursued 
by your community? 

a. Yes If yes, which one? ____________ 
b. No 
c. Unsure 

 
3. Now considering only Table 2, please use the Priority Ranking row to indicate 

the priority that you would give each runoff management project for 

implementation in your community. Use numbers “1” to indicate highest 

priority, “2” to indicate second highest priority, and so on for each project. 

4. When deciding whether to implement the projects in Tables 2, which criteria 

are most important to consider? Please indicate this with a rank from 1 (most 

important) to 4 (least important) of the criteria below. 

Cost ($)   ___ 
Environmental Impact ___ 

Effectiveness ___ 

Co-benefits ___ 
Lifetime ___ 
Aesthetics ___ 
 
 

5. Of the projects presented in Table 2, is there one that should NOT be pursued 
by your community? 

a. Yes If yes, which one, and why?  
b. No 
c. Unsure 
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Mitigation Grant Assistance – 

There are a number of programs through state and federal offices designed to 
provide financial assistance to community flood mitigation projects. Those include the 
Pre-Disaster Mitigation (PDM)3 fund, the Flood Mitigation Assistance program4, the 
Hazard Mitigation Grant Program, and the Repetitive Flood Claims and the Severe 
Repetitive Loss programs5, among others. These funds may provide up to 75% of a 
project’s cost to a community.  

The two tables below reflect the reduced costs of projects upon receiving potential 
grant funds. Please use them to answer question 8. 

6. Considering the adjusted costs below alongside the criteria in Tables 1 and 2, 
does your prioritization of projects change for either table? 

a. No 
b. Yes. If yes, indicate new priority rankings in the “Revised Rank” row. 

 

Community Adaptation to Future Flood Risk 
 

Adaptation to flooding involves preparing community structures and planning to better 
live with risk of flood for the long term. This includes structural upgrades as well as 
adopting community zoning ordinances that work to avoid or reduce damage from 
flood permanently. 

                                                           
3 http://www.nh.gov/safety/divisions/hsem/HazardMitigation/pdm.html 
4 http://www.nh.gov/safety/divisions/hsem/HazardMitigation/fma.html 
5 http://www.nh.gov/safety/divisions/hsem/HazardMitigation/rfc.html 

WATERWA
Y 

STABILIZAT
ION 

BANK 
ARMORING 

SOFT BANK 
STABILIZATION 

CHANNEL 
REALIGNM
ENT 

CHANNEL 
SLOWING 
FEATURES (ROCK 
VANES, LOGS) 

ADJUSTED 
COST ($) 

$3,750 per 250 
ft. 

$938 per 250 ft. $6,000 per 
250 ft. 

$500-2,000 
depending on width. 

REVISED 
RANK 

    

STORMWATER AND RUNOFF MANAGEMENT 

 Culvert 
Upgrades 

Roadbed 
Upgrades 

Permeable Ground 
Cover 

Urban 
Vegetated 
Swales 

ADJUSTED 
COST ($) 

$1,500-4,000 
per culvert.  

$24,000 per 
1000 ft. of road 

$3,155 per 5,000 sq. 
ft. lot (roughly the 
size of a basketball 
court) 

$1,125 per 50 
ft. 

REVISED 
RANK 
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A range of actions exist that can help a community better adapt to flood risk in the 

long term. Some of those actions are presented in Tables 3 and 4 in the following 

inserted page. Actions have been organized into two categories; those that involve 

community planning initiatives, and those that improve retention of excess water. 

Projects in each table are presented with attributes that might be considered when 

deciding whether to implement each. Please consider the flood adaptation scenario 

below, and use Tables 3 and 4 to answer the questions that follow, 

[TABLE 3 PAGE] 

[TABLE 4 PAGE]  

 

1. Considering only Table 3, use the Priority Ranking row to indicate the priority 

that you would give each initiative for implementation. Use numbers “1” to 

indicate highest priority, “2” to indicate second highest priority, and so on for 

each project.    

2. When deciding whether to implement the projects in Table 3, which criteria 
are most important to consider? Please indicate this with a rank from 1 (most 
important) to 4 (least important) below. 

Cost ($)   ___ 

Environmental Impact ___ 

Effectiveness ___ 

Co-benefits ___ 

Social and Political Acceptance ___ 

Aesthetics ___ 

3. Of the projects presented in Table 3, is there one that should NOT be pursued 
by your community? 

a. Yes If yes, which one? ____________ 
b. No 
c. Unsure  

Scenario:: Your community is trying to reduce its risk of damage from flood 

in the long term. Your state’s Emergency Management Office and 

Floodplain Manager offer guidance on local planning and zoning initiatives 

that can reduce risk of flood damage to buildings in your town. Additionally, 

your town is considering investing in projects that can provide greater water 

retention, and reduce the height of floodwaters. The community planning 

initiatives being considered are presented in Table 3, and the improved 

water retention projects being reviewed are presented in Table 4. 
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4. Considering only Table 4, use the Priority Ranking row to indicate the priority 

that you would give each project for implementation. Use numbers “1” to 

indicate highest priority, “2” to indicate second highest priority, and so on for 

each project.    

5. When deciding whether to implement the projects in Table 4, which criteria 
are most important to consider? Please indicate this with a rank from 1 (most 
important) to 4 (least important) below. 

Cost ($)   ___ 

Environmental Impact ___ 

Effectiveness ___ 

Co-benefits ___ 

Social and Political Acceptance ___ 

Aesthetics ___ 

6. Of the projects presented in Table 4, is there one that should NOT be pursued 
by your community? 

a. Yes If yes, which one? ____________ 
b. No 
c. Unsure 

 

Flood Insurance and the Upper Valley - 

The National Flood Insurance Program (NFIP) is a partnership between a community 
and the federal government. Communities participate by agreeing to adopt and 
enforce a floodplain management ordinance designed to reduce future flood risks. All 
residents in participating communities (whether in a floodplain or not) can purchase 
flood insurance. All Upper Valley communities currently participate in the NFIP, giving 
residents and businesses within each community access to flood insurance policies. 6 
The average annual cost for flood insurance in New England is around $1,200, 
compared to around $1,500 in the Upper Valley7. 

                                                           
6 http://www.nh.gov/oep/planning/programs/fmp/index.htm 
7 New Hampshire Office of Energy and Planning, based on 2013 rates for Upper Valley towns 

Town Total 

Policies 

# Subsidized  

Plainfield 13 6 

Lebanon 
138 72 
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The community rating system (CRS) is a 
NFIP program that rewards communities 
for going beyond minimum NFIP 
requirements to prevent or reduce flood 
losses. Communities earn credit points that 
determine classifications. There are 10 
CRS Classes: Class 1 requires the most 
credit points and provides the largest flood 
insurance premium reduction (45 percent), 
while Class 10 means the community does 
not participate in the CRS or has not 
earned the minimum required credit points, 
and residents receive no premium 
reduction. The CRS Classes are based on 
completion of 19 creditable activities that 
include various flood mitigation projects 
and initiatives.8 

7. Please indicate to what level you 
agree with the following statement: 

“I am concerned about the cost of flood 
insurance for properties in my town.”  

a. Strongly agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly disagree 

 

8. The criteria below have been used to compare a variety of flood mitigation and 
adaptation projects in this workbook. Now considering the community rating 
system (CRS) described above how important is a project’s CRS credit to 
consider when deciding which projects to implement? 

a. Very important 
b. Important 
c. Neutral 
d. Unimportant 
e. Very unimportant 

9. When deciding whether to implement any flood mitigation or adaptation 
project in your town, in general, which criteria are most important to 
consider? Please indicate this with a rank from 1 (most important) to 4 (least 
important) below. 

Cost ($)   ___ 

Environmental Impact ___ 

                                                           
8 https://www.floodsmart.gov/floodsmart/pages/crs/community_rating_system.jsp 

Hanover 33 8 

Lyme 12 6 

Orford 
29 

18 

Piermont 1 0 

Hartford, VT 63 21 

Norwich, VT 30 22 

Thetford, VT 30 22 

Fairlee, VT 3 2 

Bradford, VT 9 6 
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Effectiveness ___ 

Co-benefits ___ 

Aesthetics ___ 

Credit towards CRS classification ___ 

10.  

 

 

11. Do you have flood insurance?  
a. Yes 
b. No 
c. Unsure 

Concluding Questions 
 

2. Please indicate to what level you agree with the following statement:  

“Local environmental factors such as; land cover, riverbank structure, and wetland 

or forest area, play an important role in determining the severity of floods.” 

a. Strongly agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly disagree 

 

3. [Optional] What projects and/or initiatives has your town undertaken to 

prepare for flooding, which you are aware of? 

 

 

Demographic Information 
 

1. Do you hold a position as a decision maker in your community, region, or 

state? This may include positions in bodies of planning, permitting, review 

boards, committees/subcommittees, legislative, etc. 

a. Yes 

b. No 

2. What is your highest level of education?  

a. High school 
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b. Some college coursework 

c. College degree 

d. Professional degree 

e. Advanced degree beyond college 

f. Prefer not to share 

 

[LAST PAGE] 
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