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The Great Bay watershed in coastal New Hampshire is a site of cultural significance, 

economic use, and various natural resources. As a result of pressure from increased 

population and development the watershed has been experiencing degradation in 

recent decades. Residents of the state and the watershed itself have expressed concern 

ecosystem services and are in favor of taking action to ensure their protection. Our 

research team was tasked by the U.S. Environmental Protection Agency with linking 

the health of the Great Bay watershed to water quality indicators, ecosystem services, 

and human preferences as a way of investigating its value. We examined residents’ 

value of ecosystem services provided by the watershed, as well as what demographic 

and geographic characteristics may have affected their valuation. We also assessed 

these characteristics in comparison to their environmental attitudes, beliefs, and 

worldview through use of the New Ecological Paradigm scale. We hypothesized that 

the value of different ecosystem services would differ among the residents, and that 

their personal characteristics would affect their valuation. We undertook this research 

through a combination of literature review, a survey of residents within the Great Bay 

watershed, spatial analyses of characteristics associated with the location of 

respondents, and statistical analyses of observed valuation. We found that nearly 92% 

of respondent encompassed a pro-environmental worldview and that they valued the 

drinking water and wildlife habitat ecosystem services significantly more than the 

flood protection and swimming ecosystem services. We also found that prior level of 

knowledge, childhood community type, and distance to conserved areas of land were 

significant influencers of certain ecosystem services or placement on the New 

Ecological Paradigm scale. We recommend that future work on investigate different 

survey methods and address respondent value of ecosystem services through the use of 

open-ended response questions. 
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1. Introduction 

1.1 New Hampshire’s “hidden coast”  

The Great Bay (GB) watershed, located in southeastern New Hampshire near the 

southern tip of Maine, is home to one of twenty-eight “estuaries of national 

significance” recognized by the Environmental Protection Agency (EPA). This 

watershed is home to unique ecosystems, diverse wildlife habitats, and serves as a 

popular tourist destination, largely in part because of New Hampshire’s pristine 

seacoast and surrounding beauty (New Hampshire Department of Environmental 

Services (DES), 2016). The region is historically significant to the state of New 

Hampshire and its allure has not gone unnoticed. The GB watershed has been 

experiencing an unprecedented increase in population and development since the 

beginning of the 20th century, and this has unfortunately been accompanied by 

detrimental effects on the natural environment (Piscataqua Regions Estuary 

Partnership, 2018). Therefore, researchers are in a race against time to address these 

issues and reverse the damage already done before the state’s “hidden treasure” 

becomes the “treasure that once was”.  

1.2 Watersheds 

A watershed is an area of land that catches rainfall and other precipitation and funnels 

it into a stream, river or other water body. This means that every stream, brook, and 

river eventually drains to a larger body within its associated watershed. Even 

groundwater that stays hidden to the human eye flows towards a common low point. 

One way to visualize a watershed is to picture a giant funnel that catches and directs 

all of the water that falls into it towards the bottom (NH DES, 2018).  

To be considered “healthy”, a watershed should have a natural land cover that is of 

sufficient size and composition to support native aquatic and riparian (streamside) 

species, and physical and chemical water quality conditions able to maintain healthy 

biological communities. It should also have intact headwater streams, floodplains, 

riparian corridors, instream habitat, natural vegetation, sediment transport, and 

disturbance regimes (EPA, 2017). Healthy watersheds are rich in biodiversity, can 

support many habitat types, and provide various ecosystem services, or benefits that 

humans can derive from healthy and functioning ecosystems. Watersheds provide 

drinking water supply, recreational opportunities, and protection from natural hazards 

(US Forest Service, 2007; Reyers et al., 2012). Watershed health can also influence 

local economic conditions. Property values may be higher in areas near healthy waters 

and more than $450 billion in foods, fiber, manufactured goods, and tourism depend 

on functioning watersheds (The Nature Conservancy, 2018).  

Watersheds are also sensitive; pollution anywhere upstream has the potential to affect 

all waterbodies located downstream. The loss of vegetation to impervious surfaces like 

roads, parking lots, and rooftops increases the speed and amount of runoff flowing into 
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surface waters and causes erosion, turbidity, and diminished wildlife habitats. This 

runoff can also carry oil, bacteria, excess nutrients, sediment, and metals into the 

surface water and downstream water bodies (National Oceanic and Atmospheric 

Administration (NOAA, 2015). For this reason, among others, forested areas are 

critical in maintaining the health of a watershed. The plant cover and fallen leaf layer 

absorb moisture and help the soil structure to stay intact, while root systems keep soil 

permeable and stable, so water can move into it for storage. This allows for the water 

to be filtered of some pollutants and released at a controlled rate, rather than quickly 

flushing overland (Sheridan et al., 1999). As the science of watersheds and their 

significance became more understood over recent decades, watershed organizations 

and partnerships have become increasingly important. Water resource experts strongly 

recommend that towns and regions develop watershed management plans, so that 

management practices on individual sites can be carried out according to location, 

size, and function (Melendez et al., 2010).  

1.3 Estuaries 

The main drainage site for the GB watershed is the iconic Great Bay Estuary (GBE). 

Estuaries are coastal bodies of water where freshwater from rivers and streams mix 

with saltwater from the ocean (EPA, 2016). Often called nurseries of the sea, estuaries 

provide nesting and feeding habitats for various plants and animals. Many fish and 

shellfish eaten in the U.S., including salmon, herring, and oysters, complete part of 

their life cycles in estuaries (NOAA, 2017). Birds, fish, amphibians, insects, and other 

wildlife depend on estuaries to live, feed, and reproduce. Some organisms, like 

oysters, permanently live in estuaries, while others, like horseshoe crabs, use them to 

complete only part of their life cycle. Estuaries provide resting habitat for migratory 

bird species such as mallard and canvasback ducks. Many fish, including American 

shad, Atlantic menhaden, and striped bass spend most of their lives in the ocean but 

return to the brackish, or slightly salty, waters of estuaries to spawn (Sumich, 2008). 

More than 75% of the U.S. commercial fish catch, and an even greater proportion of 

recreational fish catch are provided by estuaries. The total fish catch in estuaries 

contributes to approximately $4.3 billion per year to the U.S. economy. Estuaries also 

provide many recreational opportunities, and in 2013 coastal recreation and tourism 

generated $16 billion dollars in the northeastern U.S. (Kildow, 2016). Habitats 

associated with estuaries act as enormous buffers, filtering pollutants such as 

herbicides, pesticides, and heavy metals out of the water, as well as excess sediments 

and nutrients. The water filtering through estuaries also brings in nutrients from the 

surrounding watershed. This buffer zone also acts like a giant sponge in that it 

stabilizes shorelines and protects coastal areas, inland habitats, and human 

communities from flooding and excessive erosion caused by wind, water, and ice 

(NOAA, 2017).  
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Despite their capacity for resilience and the production of ecosystem services, 

estuaries are prone to both human and natural disturbances. One type of natural 

disturbance is the consistent pressure of ocean waves. In most estuaries, beaches 

provide a barrier that protect inland habitats from wave erosion. If these beaches are 

degraded, salt marshes and nearby inland habitats may become permanently affected. 

Waves can also displace plants and animals or cover them with sediment. Estuaries 

can also be severely impacted by human disturbance. A great threat to estuaries is their 

large-scale conversion by draining, filling, damming, or dredging, which result in 

immediate destruction and loss of estuarine habitats. Until recent decades, many 

estuary habitats in North America were drained and converted into agricultural areas; 

others were filled to create shipping ports and expand urban areas. In the U.S., 38% of 

wetlands associated with coastal areas have been lost to these types of activities, and 

in some areas estuarine habitat loss is as high as 60% (Hershman et al., 1999). Of the 

remaining estuaries around the globe, many are significantly impacted by pollution as 

they have historically been viewed as waterways to discard “unwanted by-products of 

human civilization” (NOAA, 2017). Poor water quality, because of pollutants such as 

chemicals, heavy metals, nutrient pollution, and bacteria, affects many estuarine 

organisms. The introduction of non-native invasive species into estuarine 

environments can also have detrimental consequences (NOAA, 2017).  

1.4 The Great Bay Watershed: Site Description & History 

Spanning 1,023 square miles, the GB watershed is home to eelgrass beds, mudflats, 

salt marshes, rocky intertidals, small streams, rivers, and upland forest and fields. 

Sections of the watershed are first and second highest ranked by the state of New 

Hampshire’s Wildlife Action Plan. There are currently 23 threatened or endangered 

species inhabiting these areas. Eelgrass habitats provide food for waterfowl, shelter 

young fish and invertebrates, stabilize bottom sediments, and filter excess nutrients. 

Mudflat channels provide passage for fish and invertebrates at low tide, and are home 

to oysters, worms, soft-shelled crabs, horseshoe crabs, and wading birds. Oysters 

within the channels filter water to feed, thus removing pollutants and excess nutrients. 

Salt marshes provide habitat for many fish and bird species (Great Bay National 

Estuarine Research Reserve, 2011). The GB watershed is a complex system fed by the 

tidally driven salt water from the Gulf of Maine and fresh water from the Salmon 

Falls, Cocheco, Bellamy, Oyster, Lamprey, Squamscott, and Winnicut rivers. 

The first inhabitants of the region were Native American nations such as the Abenaki, 

Squamscott, and Piscataqua, who utilized the abundant natural resources for thousands 

of years. These Native Americans were primarily hunter-gatherers but occasionally 

farmed in the region, deriving their main source of sustenance from the fish (alewives 

and pogies), shellfish (oysters and clams), waterfowl, and mammals found around the 

estuary (Great Bay National Estuarine Research Reserve, 2011). By the 17th century, 
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European settlements began emerging throughout the watershed to take advantage of 

fish, lumber, and fur resources. The waterways of the estuary provided access to 

settlements along the tributaries and to the Native American tribes that would trade 

venison, furs, and corn for European goods such as iron, tools, coats, guns, and bullets. 

In the 18th century, the large fisheries industry was supplemented by sawmills, 

shipyards, plantations, and farms for local use. With the rise of industrialization and a 

decline in shipbuilding came an increase in textiles, brick, iron, and farm-goods. These 

expansions, coupled with a boom in population throughout the watershed, led to a 

decline in fish populations, an increase in water pollution, and crowded and unsanitary 

living conditions. As a result, laws concerned with microbial pollution standards for 

food and drink, and testing of water and ice supplies for chemical contaminants were 

enacted in 1891. Regulations were imposed on the keeping of animals in the 

downtown area and piggeries were forbidden. Despite these actions, sawdust, cotton 

mill, and sewage pollution became even more severe in the mid-1900’s and 

overfishing as well as dredging, filling, and channelization activities became more 

frequent. In recent decades, measures have been taken to address harmful activities 

and sources of pollution, but the watershed remains a hub of commercial and 

recreational pursuits (Short, 1992).  

1.5 Current Use 

The New Hampshire Port Authority states that over five million metric tons of cargo is 

moved through the Portsmouth port at the mouth of the GBE. Imports include fuel 

oils, gasoline, coal, and salt. These products are distributed to meet local fuel and road 

salt demands and manufactured into products such as drywall. Exports include 

undersea cable, scrap metal, tallow, and heavy machinery (Mills, 2009). There are 

currently marinas on the Cocheco River in Dover, NH and the Lamprey River in 

Newmarket and Newington, NH that harbor personal and commercial boats (New 

Hampshire DES, 2010). A commercial fishing dock on Pierce Island in Portsmouth 

supports a significant portion of New Hampshire’s commercial fishing industry. 

Lobsters and river herring are the primary target species in the estuary. River herring 

are also harvested as bait for lobsters and striped bass (Mills, 2009). While these are 

the main industries that take place directly in the water, the watershed is made up of 

52 towns in New Hampshire and Maine, all with their own farms, businesses, and 

other commercial entities.  

Outdoor enthusiasts, athletes, families and artists alike are all drawn to the GB 

watershed for its beauty and recreational opportunities. The Great Bay Discovery 

Center provides visitors a chance to learn more about the natural surroundings through 

interpretive exhibits and educational programs. The Discovery Center also hosts the 

annual Great Bay Art show in which artists submit works “inspired by Coastal New 

England”, with all proceeds going to research and protection of the watershed’s 
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resources (Mills, 2009). There are currently three rowing programs operating on the 

Oyster River: the University of New Hampshire men’s and women’s crew teams; the 

Great Bay Rowing club; and the Durham Boat Club. The niche group represents over 

150 people dependent on the GB for maintenance of their specialized activity (New 

Hampshire DES, 2010). Hiking, birdwatching, swimming, fishing, boating, and 

kayaking are among the most popular activities. Lobstering and oyster harvesting, 

although decreasing in prevalence, are also historically significant recreational 

activities. During the fall, permits for deer and waterfowl hunting are issued. In the 

winter months, people enjoy cross-country skiing, snowshoeing, and ice fishing 

(Mills, 2009).  

1.6 The Great Bay Watershed: Threats, Local Value, and Impetus for Continued 

Research 

Despite the clear and immense value of the GB watershed, it is threatened by the 

effects of population increase, climate change, and development in the region. Since 

1970, average temperatures have warmed 1.3 to 1.7 degrees Fahrenheit, with the 

greatest warming occurring in winter (2.7 to 4.2 degrees Fahrenheit). Based on current 

projections, mid-century temperatures are expected to have increased by 3 to 6 degrees 

Fahrenheit and temperatures are expected to increase as much as 4 to 9 degrees 

Fahrenheit by the end of the century. Extreme heat days are expected to occur more 

often, and to be hotter. These trends in temperature increase can disrupt the life cycles 

of various plants and animals and play a major role in agricultural drought. Similarly, 

warmer temperatures can spur increased algal blooms and bolster the effects of 

eutrophication. Over the past 40 years, annual precipitation in the GB watershed has 

increased 5 to 20%, and extreme precipitation events have also increased in frequency. 

This trend can lead to increased flood risk within floodways and expand flooding to 

larger surrounding areas. The 100-year flood height is expected to increase from 9.4 to 

12.9 feet by 2050, and to range from 10.9 to 17.5 feet by 2100. This will result in more 

severe flooding and subsequent property damage throughout the watershed in the 

coming decades (Wake et al., 2011).  Since 1993, the rate of sea-level rise for New 

Hampshire has been 1.3 inches per decade, as compared with 0.7 inches per decade 

between 1900 and 1993 (Piscataqua Regions Estuary Partnership, 2018).  

Between 1990 and 2015 the population grew by 38%, from 280,205 to 386,658 

(Figure 1). A swell in population such as this can add stress to the environment 

through wastewater effluent, fertilizer and contaminant runoff, and the perpetuation of 

impervious surfaces. From 1990-2010, the amount of impervious surface in the GB 

watershed increased by 120%, and some towns are now over 15% covered. Coupled 

with precipitation trends, impervious surfaces rapidly transport contaminants 

downstream, especially during extreme storm events. As a result of population and 

impervious surface increase, the following adverse trends have been observed: 
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increased deforestation, increased nutrient concentrations, decreased clam populations, 

decreased shellfish harvest opportunities, decreased eelgrass cover, and decreased 

oyster populations. As described by the Piscataqua Regions Estuary Partnership 

(PREP), the four trends of particular concern are increased nutrient concentrations, 

decreased eelgrass cover, decreased clam populations, and decreased oyster 

populations (Piscataqua Regions Estuary Partnership, 2018).  

 

 

 

 

 

 

 

 

 

 

Increased nutrient concentrations can result in eutrophication, which is an altered state 

of primary productivity in a body of water because of increased chemical inputs such 

as nitrogen and phosphorus. A major catalyst for these inputs is population growth in 

surrounding areas and associated increases in stormwater drainage, industrial 

discharge, agricultural fertilizer, construction sites, and unknown, or nonpoint, 

sources. These processes can be augmented in association with increased impervious 

surface cover, which allows the nutrients to runoff into bodies of water more easily 

(Yang et al., 2009). Nitrogen loads to the GB estuary are currently 4 to 5 times above 

pre-development levels (Trowbridge et al., 2014). Subsequent eutrophication leads to 

increases in algal blooms and cyanobacteria concentrations, subsequently causing low 

oxygen levels, decreased sunlight penetration, and a slimy-green film on the water’s 

surface. The results of eutrophication can include large-scale fish-kills, beach closures 

attributed to low dissolved oxygen levels, the death of other aquatic vegetation due to 

a lack of sunlight penetration, and toxic water conditions (Ansari & Gill, 2014). 

Fortunately, total nitrogen loading from 2012-2016 was 26% lower than the 2009-

2011 levels. These reductions are largely due to significant improvements to 

municipal wastewater treatment facilities and consecutive years of low annual rainfall 

Figure 1. Human population of the Great Bay watershed. Retrieved from Piscataqua Region Estuaries 

Partnership. 
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amounts. Since human population and impervious cover continue to rise, nitrogen 

management is still a high priority (Piscataqua Regions Estuary Partnership, 2018).  

In 2016 the GB watershed contained 1,490 acres of eelgrass, which is a 31% decrease 

from 1981, the first year that data was collected. In these 35 years, only 8 showed 

periods of growth or stability in eelgrass cover, illustrating a susceptibility to periodic 

disturbances (Piscataqua Regions Estuary Partnership, 2018). Eelgrasses are 

vulnerable to physical disturbances such as waves, storms, and foraging animals. 

Algal blooms caused by eutrophication block sunlight necessary for eelgrass to grow. 

Similarly, dredging can both directly remove eelgrass beds or cause lower light levels 

because of increased amounts of sediments in the water. Instances of unusually warm 

water can also damage eelgrasses. Finally, toxic contaminants such as herbicides 

introduced into the water from runoff, as well as wasting disease can decimate 

eelgrass populations (Duarte et al., 2004). Eelgrass cover is important because their 

leaves bolsters water clarity, their roots stabilize sediments, and their overall structure 

provides organic matter and habitat for fish and shellfish (Piscataqua Regions Estuary 

Partnership, 2018).  

Significant decreases in both clam and oyster populations have been observed in the 

GB watershed. The number of adult oysters decreased from over 25 million in 1993 to 

2.7 million in 2016, a decrease of 89% (Figure 2). It has also been suggested that 

oysters are only living four or five years, rather than 10+ as they did in the early 

1990’s. One cause of this sharp decline is disease, caused by two microscopic parasitic 

organisms (Piscataqua Regions Estuary Partnership, 2018). Also, sedimentation and 

the loss of eelgrass habitat has affected the availability of substrate necessary for 

oysters to live. Filter-feeding oysters are both a fisheries resource and a provider of 

ecosystem services. They can reduce phytoplankton biomass and other suspended 

particles, therefore increasing water clarity and light penetration which helps eelgrass 

grow. 

They also provide important habitat for various invertebrate species and enhance 

biodiversity (Grabowski et al., 2012). The population of clams has decreased from 26 

million to 1.7 million since 1997 and there has been a rise of the Neoplasia infection 

that is a significant contributor to their decline. Pollution from heavy metals and 

hydrocarbons, as well as warming temperatures, are two main factors that make clams 

more susceptible to the disease. This has led to a decrease in recreational harvesting 

opportunities and stricter regulations on the activity itself. Clams also consume 

phytoplankton and other detritus, therefore combating eutrophication and other forms 

of contamination (Piscataqua Regions Estuary Partnership, 2018). 
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Prior work on the value of water quality in New Hampshire and the GB watershed 

support the need for further research and protection of the area’s natural resources. 

From a survey administered in New Hampshire’s Citizens Value and Use Water in 

Many Ways, researchers found the following for statewide respondents: 

 92% are concerned with cleanliness of water for fish and wildlife.  

 91% are concerned with the availability of clean drinking water in the future. 

 90% are concerned with the level of pollution in local streams, rivers, lakes, 

and bays. 

  87% are concerned with the cleanliness of drinking water. 

 75% are concerned with public access for recreation in streams, rivers, lakes, 

and bays. 

 70% would be willing to pay higher water and sewer fees to improve the 

cleanliness of the lakes, rivers, streams, and bays in their communities. 

 64% are concerned with protection from flooding. 

(Rogers et al., 2014) 

 

The researchers from this report then surveyed respondents in the GB watershed: 

 90% of region residents were concerned with the level of pollution in local 

streams, rivers, lakes, and bays. 

 87% would be willing to take action to reduce stormwater pollution. 

Figure 2. Standing stock of adult oysters in in the Great Bay Estuary. 

Retrieved from Piscataqua Region Estuaries Partnership. 
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 70% would agree to paying higher water and sewer fees to improve the 

cleanliness of the lakes, rivers, streams, and bays in their community. 

(Rogers et al., 2014) 

A similar study conducted by the New Hampshire Department of Environmental 

Services in 2010 surveyed residents of the GB watershed and found that: 

 85% agreed that the state should pay for efforts to restore fish, shellfish, and 

wildlife habitat. 

 70% indicated they would be willing to pay for the restoration efforts. 

(New Hampshire DES, 2010) 

It is clear that New Hampshire residents, and those within the GB watershed, value a 

high level of water quality and are concerned with the threat of degradation. And since 

over 30% of New Hampshire’s population lives within this watershed, these issues 

have the potential to impact many lives (U.S. Census Bureau, 2016). Based off these 

results and facts surrounding the current state of the watershed, researchers from 

Dartmouth College, University of New Hampshire, Plymouth State University, and 

University of Massachusetts Boston began an EPA project to assess the value of water 

quality improvements and associated ecosystem services in the GB watershed. 

1.5 EPA-G2015-STAR-A1 Project 

The main goal for this project was to link the health of the GB watershed to water 

quality indicators, ecosystem services, and human preferences. From this goal, three 

specific objectives were determined: 

1. Connect the outputs of a spatially-distributed river network model to water 

quality attributes, including ecosystem services, that local citizens value. 

2. Investigate value judgements of water resource users and non-users in the 

watershed in a way that helps explain influences on valuation and the tradeoffs 

among them. 

3. Translate value judgements into estimates of willingness-to-pay and 

willingness-to-accept-compensation for changes in water quality.  

To achieve these objectives, a method for valuing attributes in the watershed that 

combined biophysical modeling, nonmarket valuation, and techniques from decision 

science and participatory stakeholder workshops were necessary. The approach is 

innovative in that it provides a connection between ecological modelling and local 

input. This allows for consideration of interactions among ecosystem services, and 

whether these interactions arise for biophysical or preference-related reasons. Thus, 

differences in valuation can be efficiently addressed and aid our ability to understand 

spatial, social, and behavioral variation.  
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1.6 Contribution to the EPA Project and Introduction to My Work 

Within the scope of the project, we examined residents’ value of ecosystem services 

provided by the watershed, as well as what demographic and geographic 

characteristics may have affected their valuation. We also assessed these 

characteristics in comparison to their environmental attitudes, beliefs, and worldview 

through use of the New Ecological Paradigm (NEP) scale. We hypothesized that the 

value of different ecosystem services would differ among the residents, and that their 

personal characteristics would affect their valuation. Our work was completed using a 

combination of tools including thorough literature review, a survey of residents within 

the GB watershed, spatial analyses of characteristics associated with the location of 

respondents, and statistical analyses of observed valuation. Understanding the 

characteristics of residents regarding the value of the GB watershed can highlight 

ecosystem services of particular importance, as well as areas of improvement for 

outreach and education. If there are significant differences between groups of 

residents, it may uncover that more work needs to be done to effectively relay 

information at the community level. Further, understanding these differences in 

valuation may help future research address specific concerns or actions on a smaller 

scale. This personal attention to different groups may prove more effective and 

engaging than broad strokes aimed at much larger areas.  

2. Literature Review 

2.1 Ecosystem Services 

2.1.1 Ecosystem Services Background 

The most widely used and classic definition of ecosystem services comes from the 

Millenium Ecosystem Assessment and is as follows: ecosystem services are the 

benefits people obtain from ecosystems. According to the classic definition, the term 

“services” includes tangible and intangible benefits and does not separate “goods”, 

“services”, and “cultural services” (Millennium Ecosystem Assessment, 2003). This 

definition allows for ecosystem services to be applied more broadly and essentially 

equates ecosystem services with benefits. Traditionally accompanying this definition 

are the four main categories of ecosystem services: provisioning, regulating, habitat or 

supporting, and cultural. Provisioning services are the products gained from 

ecosystems such as food, clean drinking water, wood, and fiber. Regulating services 

are the benefits acquired from the management of ecosystem processes such as climate 

regulation, flood control, natural hazard mitigation, waste management, and 

pollination or pest control. Habitat or supporting services emphasize the importance of 

ecosystems to provide habitat for wildlife and maintain biodiversity and genetic 

diversity within species. Cultural services include non-material benefits that people 

derive from ecosystems such as access to recreation, spiritual enrichment, aesthetic 
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appreciation, and mental and physical health (Fisher et al., 2009). This mode of 

thinking about ecosystem services has been around for decades and its application has 

become common practice. 

However, researchers have addressed concerns with the classic interpretation and 

sought to expand upon it. Some economists argue that it is misleading to characterize 

all ecosystem services as “benefits” because certain end-products of are not benefits 

nor are they necessarily the final product consumed. For example, recreation is often 

called an ecosystem service when it should more-appropriately be considered a benefit 

produced using both ecological services and human technology. Fishing requires 

certain ecosystem services such as surface water and fish populations, but also human 

implements including equipment and boats (Boyd & Banzhaf, 2007). Building off the 

classic definition while acknowledging certain criticisms has resulted in a more up-to-

date definition of ecosystem services. Some researchers now state that ecosystem 

services are the direct or indirect contributions that ecosystems make to the well-being 

of human populations. This new definition also asserts that when valuing a service, it 

is important to identify whether it is an intermediate or a final service (Barbier et al., 

2011). Intermediate services are inputs into the biophysical production of final 

services. More specifically, intermediate services provide benefits through their effect 

on final goods and services that are directly valued by people. Continuing with the 

fishing example mentioned earlier, the intermediate service would be an ecological 

process such as nutrient cycling, which generally only benefits humans through its 

contribution to the final service like fish (Johnston et al., 2013).  

While there may be a debate regarding its definition, there is widespread agreement 

over the importance of ecosystem service valuation. Due to financial considerations 

and increasing calls for environmental action, government agencies must make 

difficult decisions about how to allocate funds to protect and restore the natural 

environment. These agencies must justify their decisions based on benefits to the 

environment as well as financial responsibility and public support. Thus, in some 

instances researchers are asked to quantify the economic benefits of ecosystem 

services in dollar terms. When using dollars is impractical, researchers may be asked 

to show that decisions are being made to maximize environmental benefits per dollar 

spent. Some situations, such as those involving endangered species or public health, 

are less concerned with economic considerations and involve tradeoffs or decision-

making between different natural resources (King & Mazzotta, 2000). Ecosystem 

service valuation remains a complicated and ever-expanding topic, mainly because of 

its necessity. One method to measure ecosystem services is to consider local citizens’ 

values and encourage public participation and support for environmental initiatives. 

This can be used to efficiently allocate public spending and prioritize the benefits of 

multiple ecosystem services. The maximum amount of benefit a person is willing to 
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give up to attain more of another benefit is considered a fair measure of the relative 

value of the two benefits to that person (King & Mazzotta, 2000). Ecosystem service 

valuation gives power to individuals, not the government, to judge what they deem 

important.  

While the concept of valuing ecosystem services continues to develop, a number of 

challenges make for an arduous task. Valuation of ecosystem services is complex and 

often subjective, and associated benefits are not straightforward. Further, certain 

values, such as ecological values, socio-cultural values, and economic values, can be 

associated with a one or more ecosystem service. This can lead to an overly-general or 

misrepresented placement of value. Similarly, the diversity of beneficiaries can 

complicate an accepted measure of value. At the individual scale, notable differences 

arise from geographic, generational, or cultural distinctions. The diverse backgrounds 

of beneficiaries are rarely taken into account; most often only ecological and 

economic values are considered. Thus, a key obstacle for researchers to take into 

account is that of developing a valuation method that regards ecological, socio-

cultural, and economic values of a service for an assortment of beneficiaries (Small et 

al., 2017). Another prominent challenge in ecosystem service valuation is assigning 

value to services that have no direct or indirect material benefits. These conceptual 

benefits include spiritual enrichment, cognitive development, and recreational and 

aesthetic experiences (Millennium Ecosystem Assessment, 2003). Non-material 

services and associated benefits are inherently intangible and subjective, and since the 

demand can be hard to quantify, determining their value is difficult (Daniel et al., 

2012). Valuation processes are often completed through monetary measurement and as 

a result, non-material services are often excluded or misinterpreted (Atkinson et al., 

2012). However, these services often shape societies, cultures, welfare, and 

environmental attitudes and are thus becoming more of a priority (Small et al., 2017). 

There is also the concern of double-counting benefits, which can occur when an 

ecosystem service exists in multiple ecosystem service categories (for example 

regulating and provisioning), or when benefits from ecosystem processes are counted 

twice (Small et al., 2017; DEFRA, 2007). A similar difficulty is known as 

interdependence of ecosystems. In one instance, various components of an ecosystem 

interact to provide one or multiple services. In another instance, various ecosystems 

within an area may interact to contribute to the provision of a service or services. For 

valuation, this means that the value of any one service may depend on its connection 

with other services. Thus, a determination of value for one service may not be accurate 

if other, inter-connected, services are not considered (DEFRA, 2007). Researchers 

also need to be aware of spatial and temporal factors when valuing ecosystem 

services. An ecosystem’s capacity to supply services are often best evaluated across its 

full geographic range, which may not align with the spatial scale of a research or 

policy project. Because ecological and societal boundaries rarely overlap, this can be a 
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common yet important issue. Regarding temporal issues, impacts on ecosystems and 

associated services can span well beyond a time period taken for valuation of those 

services. Since ecosystem response to change and impact can take considerable time to 

develop, this should always be taken into account when valuing the change in 

ecosystem services (DEFRA, 2007). 

But perhaps the most daunting task of all for ecosystem service researchers is the 

question of where to begin? With so many contributing factors, types of value, and 

biophysical properties associated with ecosystems, the task of valuation can seem 

impossible. The following section provides an overview of ecosystem service 

valuation and describes different measures and types of value associated with these 

services. Ecosystem functions are the physical, chemical, and biological processes or 

attributes that contribute to self-maintenance of an ecosystem. Thus, ecosystems can 

be characterized by the processes, or functions, that occur within them, and ecosystem 

services are the beneficial results from those functions (Alberti, 2005). Ecosystem 

functions are important for valuation because they can greatly influence one or more 

associated ecosystem services. Therefore, before implementing valuation, a 

description of the links between ecosystem structure and functions, the benefits 

derived by humanity, and their subsequent values must be provided. Human drivers of 

ecosystem change should also be noted in this model because they can affect 

ecosystem processes and functions, subsequently altering the other links (National 

Research Council, 2005). Economists agree that in order to determine the economic 

value of an ecosystem service, one needs to detail the contribution it makes to human 

welfare, where human welfare is calculated based off of each individual’s own 

judgement of his or her well-being (Bockstael et al., 2000). The key is establishing 

how much the individual is either willing to pay for changes that have a positive 

impact on welfare, or conversely, how much the individual is willing to accept as 

compensation to avoid a negative impact. The last link in the process of ecosystem 

service valuation is to use the measure of human value as a call to action for the 

protection or preservation of the service (Barbier et al., 2011). The interrelation 

between these components is illustrated in Figure 3.   

Due to their positive impact on human welfare, ecosystem services are often 

considered public goods, which means that they may be used by any number of people 

without affecting other people’s benefit, also known as a “non-rivalry” attribute. A 

pure public good is one that is “non-rivalry” and has “non-excludability”, meaning 

that people cannot be prevented from enjoying the good. Examples such as aesthetic 

views and air quality are often considered pure public goods. A public park, however, 

would be considered a quasi-public good because at a certain level of use, others 

enjoyment may be diminished (Kretsch et al., 2016). The problem with public goods is 

that while people may value them, no single person has an incentive to pay to maintain 
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them. As a result, public goods and other ecosystem services can be susceptible to 

negative externalities. A negative externality occurs when an action by one party 

causes an unintended loss in welfare to another party, and no compensation occurs 

(Farley, 2012). For example, if a stream is polluted by runoff, people downstream 

experience a negative externality but may not be compensated for the damage done. 

Ecosystem service valuation can help with the problem of externalities by establishing 

their costs to society, in terms of lost economic or social opportunities. The costs can 

then be charged to those responsible, or can be used to determine the value of 

reduction or elimination of environmental impacts. Regarding the stream pollution 

example, the benefits from eliminating pollution can be compared to costs for 

enforcement to reduce the runoff, or can be used to establish fines or taxes on those 

responsible (King & Mazzotta, 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.2 Value of Ecosystem Services 

Within ecosystem services there are two main types of value: use and nonuse. Use 

values are derived from the actual use of a good or service, involving some type of 

human interaction with the environment. Use values can be further broken up into 

consumptive and non-consumptive use (Barbier et al., 2011). Consumptive use refers 

to the use of resources extracted from the ecosystem (food, timber, etc.), whereas non-

consumptive use involves no extraction of resources from the ecosystem (DEFRA, 

2007). Non-consumptive use can either be direct or indirect. Direct non-consumptive 

uses are those such as recreational activities, transportation, and aesthetics. Indirect 

non-consumptive uses are those where individuals benefit from ecosystem services 

supported by a resource as opposed to directly using it. These services are often not 

 

Figure 3. Interrelated links in the valuation of ecosystem services. 

Retrieved from Barbier et al., 2011. 
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perceived until they are damaged or lost, yet they are still very important; some of 

these include flood control, nutrient cycling, and erosion prevention (Barbier et al., 

2011; DEFRA, 2007). Another type of use value is known as the option value, which 

is the value people place on having the option to an enjoy an ecosystem service in the 

future, although they might not currently use it (Laurila-Pant et al., 2015). A person 

may hope to visit the national parks in Alaska one day, and thus would be willing to 

pay to preserve the area in order to maintain that option. Nonuse values, also known as 

passive values, are not associated with actual use or even the option to use a good or 

service. These values represent someone valuing the pure “existence” of a natural 

habitat or ecosystem or wanting to “bequest” it to future generations. Existence value 

is the nonuse value that people place on simply knowing that something exists, even if 

they will never experience it or use it. Bequest value is the value that people place on 

knowing that future generations will have the option to enjoy something. This is 

measured by peoples’ willingness to pay to preserve an ecosystem service for future 

generations (King & Mazzotta, 2000). The types of ecosystem service value are 

illustrated in Figure 4.  

2.1.3 Methods of Valuation 

After determining the ecosystem services of interest and associated values, it is then 

equally important to select the most appropriate method for valuation. The following 

table compares eight of the most commonly-used valuation methods, as well as their 

advantages and disadvantages (Table 1). An illustration of the different ecosystem 

service valuation methods can be found in Figure 5 and a more thorough description 

of each method can be found in Appendix A. 

 

 

Figure 4. Types of ecosystem service value. Retrieved from Barbier et al., 2011. 
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Table 1. Methods of ecosystem service valuation.  
 

Method Description Pros Cons 

Market Price Estimates the 

economic value 

of ecosystem 

services that are 

bought and sold 

in markets. 

Values are well-

defined because of set 

market prices. Price, 

quantity, and cost data 

are relatively easy to 

obtain for established 

markets.  

Limited since only a 

few ecosystem services 

are bought and sold in 

markets.  

Cannot be easily used to 

measure the value of 

large-scale changes that 

may affect supply and 

demand. 

Productivity Used to estimate 

the value of 

ecosystem 

services that 

contribute to the 

production of 

commercially 

marketed goods 

or services. 

Straightforward, 

relevant data may be 

readily available, and 

it can be relatively 

inexpensive to apply.  

Limited to valuing 

resources that are inputs 

in the production of 

marketed goods. Since 

not all services are 

related to the 

production of marketed 

goods, the inferred 

value of the ecosystem 

may underrepresent its 

true value.  

Hedonic 

Pricing 

Used to 

determine the 

value of 

ecosystem 

services that 

directly affect 

market prices in 

the housing 

market. 

Property records are 

usually reliable and 

property markets are 

generally efficient in 

responding to change.  

Can be used to 

consider multiple 

interactions between 

market goods and 

environmental 

quality. 

Restricted to services 

related to housing 

prices. May be 

influenced by outside 

influences like taxes or 

interest rates.  

Travel Cost Used to 

determine the 

demand for 

nature-based 

recreation and 

estimate the 

economic value 

of associated 

natural 

resources.  

Based on actual 

behavior rather than 

stated preference. 

Relatively 

inexpensive and easy 

to interpret, and on-

site surveys provide 

opportunities for large 

sample sizes since 

visitors tend to be 

Travel time can be 

enjoyable and therefore 

be a benefit and not a 

cost. Those who live 

nearby may have low 

travel costs but high 

value for the site. 

Interviewing visitors 

on-site can introduce 

sampling bias. 
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interested in 

participation. 

Damage 

Cost 

Avoided, 

Replacement 

Cost, and 

Substitute 

Cost 

These methods 

determine the 

values of 

ecosystem 

services based 

on either the 

costs of avoiding 

damages due to 

lost services, the 

cost of replacing 

ecosystem 

services, or the 

cost of providing 

substitute 

services. 

Can be both valid and 

effective if the 

human-engineered 

system provides 

services of equivalent 

quality and magnitude 

and individuals in 

aggregate would be 

willing to incur these 

costs rather than 

forego the service.  

The loss of an 

ecosystem service does 

not automatically mean 

that individuals would 

be WTP for the least 

costly alternative, and 

the cost to replace one 

service may not reflect 

all services impacted. 

If the value of the 

service does not exceed 

the cost of alternative 

means of providing the 

service, these methods 

are invalid.  

Contingent 

Valuation 

Used to 

determine the 

benefits of a 

change in the 

level of quality 

of a public good. 

Widely-used to 

estimate both use and 

non-use economic 

values and is the most 

common method for 

estimating non-use 

values. 

Subject to certain 

survey biases including 

sampling bias and non-

response bias. 

Benefit 

Transfer 

Uses research 

results from 

already-

completed 

studies at other 

sites or policy 

contexts to 

predict WTP or 

other preferences 

for other 

unstudied sites 

or policy 

contexts.  

Resource-efficient 

and has been 

thoroughly tested.  

Discrepancy between 

transfer techniques 

recommended by 

scholarly literature and 

those commonly used in 

policy analysis. 

Difficult to find suitable 

studies to use and value 

estimates can quickly 

become dated. 

Contingent 

Choice 

In contingent 

choice, 

respondents are 

asked to choose 

among, rank, or 

rank several 

Respondents are not 

explicitly asked to 

determine monetary 

valuations for services 

that are usually 

thought of in 

Respondents may be 

pressured into choices 

based on a limited 

number of alternatives. 

The validity and 

reliability of this 
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alternative 

hypothetical 

scenarios.  

nonmonetary terms. 

Allows respondents to 

value in terms of 

tradeoffs, which may 

be less complex than 

directly assigning 

dollar values.  

method has not been 

tested to the same 

extent as contingent 

valuation. 

 

 

 

2.2 Survey Methodology in Environmental Research 

Survey research is a type of field study that involves the collection of data from a 

sample drawn systematically to be representative of a well-defined, large, and 

geographically-diverse population, often through the use of a questionnaire. Surveys 

are used by researchers interested in comprehending how people influence and are 

influenced by their environment (Visser et al., 2013). Surveys can inform policy 

decisions and allow local populations to state their opinions and preferences. Further, 

surveys can incorporate the views of the “uninterested but affected public” that would 

otherwise not be represented. A well-designed survey can illustrate individual beliefs 

as part of an overall set of values and attitudes and estimate the direction of said 

beliefs on certain issues. This can help minimize biases that occur as a result of 

smaller and more-selective participation through hearings or organizational meetings 

(Fiorino, 1990). Survey research produces data based on real-world observations, 

eliminating certain biases that stem from controlled lab operations. Surveys can 

Figure 5. Methods for ecosystem service valuation. Retrieved 

from Gradinaru, 2013. 
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generate a large amount of data in a short timespan at a relatively low cost. This, 

coupled with the ability to sample a large range of people, allows for a higher 

possibility of a representative sample (Kelley et al., 2003). Subsequently, surveys are a 

viable and commonly-used method for the valuation of ecosystem services (Willcock 

et al., 2017).  

Although survey methodology has been extensively applied, there are several 

challenges and possible biases associated with this line of research. Surveys can be 

conducted through a supervised or unsupervised approach. In the supervised approach, 

the respondent is led by an interview either in-person, via telephone, or instant online 

communication (Willcock et al., 2017). Supervised surveys can be completed by 

individuals who may not have access to the internet or those with no literary skills, as 

the interviewer is able to complete the survey on behalf of the respondent. These 

surveys can also provide more precise data because respondent questions can be 

addressed before the survey is completed. Additionally, the response rate of 

supervised surveys is usually higher than unsupervised surveys because they seem 

more personal. However, supervised surveys are costlier and require a larger time-

investment. Further, supervised surveys are subject to interviewer bias. In the 

unsupervised approach, respondents complete the survey without real time guidance, 

usually online. Unsupervised surveys can be distributed on a much-larger geographic 

scale and are convenient for respondents to complete. Also, the cost of running 

unsupervised surveys are usually less expensive. Still, unsupervised surveys can often 

only be completed by respondents who are familiar with computers and have internet 

access. Unsupervised surveys can also be perceived as junk mail resulting in a low 

response rate (Sinclair et al., 2012).  

In addition to certain challenges, there are four main errors associated with survey 

research that can skew or corrupt data. According to Dillman et al., 2014, these are: 

coverage error, sampling error, nonresponse error, and measurement error.  

 Coverage error occurs when certain members of the population are 

inadequately represented in the study, and when those who are excluded are 

different from those included. This can arise when the mode of survey delivery 

does not cover enough of the population, such as non-internet users. 

 Sampling error occurs when a researcher does not select a sample that 

represents the entire population. More specifically, sampling error results from 

surveying only some rather than all members of the population and is a natural 

part of all sample surveys.  

 Nonresponse error occurs when people selected for a survey who do not 

respond are different in a meaningful way from those who do respond. This 

can arise from not making sure that the survey addresses people from different 

sociodemographic groups or other characteristics that may be important to the 

study.  
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 Measurement error occurs when answers to the survey are inaccurate and can 

arise from poor question wording or design and other aspects of survey 

construction.  

(Dillman et al., 2014) 

To address these errors, many researchers across a range of subjects have adopted the 

Tailored Design Method (TDM). First conceived in the 1970’s by Don Dillman, the 

TDM was created to reduce survey error, increase response rates, and generate 

effective and valid responses. The basic premise of the TDM revolves around applying 

a social exchange to survey design, broken up into three parts: increasing the benefits 

of participation, decreasing the costs of participation, and establishing trust. Dillman et 

al., (2014) provide a comprehensive guide to implementing the TDM and the text 

below highlights these methods. 

In the concept of social exchange, individuals are spurred to action by the incentives 

they expect to receive. In recent years, the preponderance of surveys from different 

outlets can be overwhelming and even frustrating. Therefore, researchers must make 

an effort to have their survey request stand out and highlight the benefits of 

participation. Notifying potential participants about the survey and how the results will 

be used to benefit them and others can inspire participation. Delivering informative 

letters and brochures about why the survey is being conducted and that note the 

importance of participation may influence people’s choice to participate. Appealing to 

people’s sense of social responsibility by asking for assistance can also encourage 

response. Survey requests that elicit help and advice illustrate how respondents’ 

assistance is needed and decreases the air of superiority sometimes perceived of 

survey sponsors. Similarly, showing positive regard and respect towards potential 

respondents, as well as expressing gratitude, can make respondents feel more 

comfortable and willing to participate. Another well-studied approach is to give 

respondents a tangible reward. Providing incentives such as a small amount of money, 

charity donations, or prize drawings can evoke a sense of “reciprocal obligation” to 

complete the survey. In survey design, questionnaires that are more interesting can 

subsequently affect participation. This can be achieved by improving the visual layout, 

ordering more engaging questions earlier, and writing questions that are easy to 

understand. Providing social validation and informing people that opportunities to 

respond are limited can also increase participation. Studies have shown that people 

perceive rewards as more valuable when they know that others similar to themselves 

have taken the same opportunity, and when opportunities become scarce (Dillman et 

al., 2014). 

Reducing the costs of participation in a survey is similar to increasing the rewards, but 

there are also strategies specific to decreasing perceived costs of participation. One of 

the most effective ways of decreasing costs is making the survey easy to complete. For 

web-surveys, providing a short web-link that is easy to type out, or emailing a direct 

link that opens when clicked can be useful. For postal surveys, including a prepaid 

return envelope can increase response rates because the respondent does not have to 
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find, address, and stamp an envelope. Another technique is to avoid subordinating 

language. Survey invitations that use adult-to-child or demanding language are not as 

effective as statements that make the respondent feel that the surveyor is dependent on 

him or her. Additionally, minimizing requests to obtain personal or sensitive 

information can make potential respondents more comfortable with completing the 

survey. When these types of information are necessary to the survey, researchers 

should provide reasoning for why these responses are important and how the 

information will be kept confidential. Finally, for many people, a large cost of 

responding to surveys is the time it takes out of their day for completion. Thus, 

designing questionnaires that appear short and easy to fill out can decrease the costs of 

responding to the survey.  

Since effective survey methodology involves future obligations, an individual must 

trust that the other party will follow through and deliver the return or reward as agreed 

upon. Therefore, potential participants are more likely to complete a survey if they 

trust that the sponsor will provide the expected benefits. Trust is a pivotal aspect to 

believing that the benefits of completing the survey will outweigh the costs of doing 

so. Firstly, individuals are more likely to respond to a survey if it has been sponsored 

by a legitimate authority, such as a governmental organization or higher education 

institution. Also, providing an incentive in advance is an effective way to establish 

trust. By including “a small token of appreciation” before the survey is completed, the 

researcher demonstrates trust in potential participants and encourages their trust by 

showing that the surveyor will deliver upon the promised rewards. A significant 

concern for some potential respondents is their confidentiality and the security of 

personal information via the web. An effective method to establish trust is to explain 

efforts that will be taken to protect the confidentiality and security of people’s survey 

responses. 

2.3 Influencers of Ecosystem Service Valuation & Environmental Worldview 

As mentioned earlier in the text, studying factors that influence environmental 

worldview and the valuation of ecosystem services is important for policy initiatives 

as well as environmental outreach and community engagement. For our research, we 

sought to examine which ecosystem services in the Great Bay watershed were of the 

highest value to respondents, and which geographic and demographic factors 

influenced this valuation. We also looked at the influence of these factors on 

respondents’ environmental worldview. Factors that influence environmental 

valuation and worldview have been investigated by researchers from around the world 

and provide support for our line of inquiry. Understanding the relationship between 

environmental opinions, correlated to geographic and categorical socio-economic 

factors is critical for the advancement of sustainable economic public policy. To 

understand environmental behavior, it is crucial to define the social and geographic 

context in which individuals develop. 
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2.3.1 Proximity  

Spatial biases occur when people view geographical areas closer to themselves in a 

more favorable light than areas that are further away. This phenomenon has been 

observed across different cultures and related research has found that environmental 

concern generally decreased as spatial distance increased (Milfont et al., 2011). 

Similarly, Construal Level Theory (CLT) states that people will make more informed 

decisions about an issue when the area of focus is psychologically closer to them (Mir 

et al., 2016). Therefore, people tend to be less sensitive to environmental problems 

occurring far from their own place of living (Chang, 2012). 

2.3.2 Demographics 

Addressing demographics in research is important for several reasons. Without the 

inclusion of demographics, researchers risk the presumption of “absolutism”, which 

assumes that results are the same regardless of race, socioeconomic status, age, 

gender, and other variables. Recognizing differences within a research population 

allows researchers to move towards a position of “universalism”, which recognizes 

that there may be psychological differences depending on certain demographic 

characteristics (Beins, 2009). Therefore, researchers cannot assume that no differences 

exist between groups until this hypothesis has been supported. Further, addressing 

characteristics of the study sample allows readers and researchers to determine who 

the research is relevant to and allows for comparison to be made across replications of 

studies. As a result, gaps in existing bodies of research can be identified as well as 

variations that occur within and between populations (Hammer, 2011). Demographic 

characteristics have consistently been found to affect people’s attitudes and valuation 

of environmental issues. The ways in which people obtain benefits from the 

landscapes around them, as well as the ecosystem services that interest them may be 

associated with their personal demographics. Understanding how and why people 

make decisions they do about land and natural resources is important for explaining 

ecosystem service value. Including these factors in resource management decision 

making can be an opportunity for building community consensus and improving 

sustainability (Appalachian Landscape Conservation Cooperative, 2016).  

The age hypothesis states that younger people are more concerned about 

environmental deterioration than older people (Fransson & Garling, 1999, Petrovska et 

al., 2014, Vorkinn, 2001). However, other studies have found that older people are 

more willing to pay for environmental improvements than younger people (Scheinert 

et al., 2014). Higher levels of education are generally associated with higher levels of 

environmental concern (Huddart-Kennedy et al., 2009, Scheinert et al., 2014, Soni & 

Wehr, 2004). Some studies have found that gender can be a significant determinant of 

environmental concern, often finding that women are more concerned and willing to 
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pay than men (Vorkinn, 2001, Petrovska et al., 2014). Conversely, other research 

notes that previous work has yielded ambiguous results supporting a consistent 

relationship between gender and environmental concern. The social-class hypothesis 

states that environmental concern is positively associated with income and education 

(Soni & Wehr, 2004, Fransson & Garling, 1999). Other studies have found that there 

is no correlation between household income and environmental concern (Petrovska et 

al., 2014). Political affiliation is one of the strongest influencers of environmental 

concern. People who identify as politically liberal or with the Democratic Party 

consistently show higher levels of environmental concern than any other political 

ideology (Soni & Wehr, 2004, Scheinert et al., 2014, Petrovska et al., 2014). There are 

two main explanations for this relationship. First, business and industry, which 

typically support conservative political stances, are opposed to environmental reforms. 

Second, environmental reforms entail an extension of government activities and 

regulations to which conservatives are opposed.  

Another two factors that have been found to influence environmental value are length 

of residency and childhood community type. In a study of Lake Champlain residents’ 

willingness to pay for water quality improvements, it was found that residents with 

shorter residency time were more willing to pay (Scheinert et al., 2014). Another study 

ordered respondents from one (rural socialized, currently rural) to four (urban 

socialized, currently urban), based on their past residence. The results of this study 

found that the urban-rural group scored higher than the rural-urban on environmental 

worldview and recycling activities, but lower on altruistic values. Also, the urban-rural 

group participated in less “reduce” activities than the urban-urban group but more 

recycling (Huddart-Kennedy et al., 2009).  

Prior knowledge and environmental concern has been studied extensively; however, 

the significance of a correlation is still debated. This factor differs from level 

education in that it addresses an individual’s prior knowledge related to the topic of 

interest, regardless of educational attainment. This can be assessed objectively through 

questions about the topic, or based on an individual’s perceived level of prior 

knowledge. For example, some studies have found a positive correlation between 

perceived prior level of knowledge and perceived effects of global warming, while 

others have found that prior knowledge is not a significant determinant for 

environmental concern or action (Malka et al., 2009; Choongo et al., 2016).  

2.4 New Ecological Paradigm 

The New Ecological Paradigm (NEP), sometimes referred to as the revised NEP, is a 

survey-based metric designed gauge the environmental concern of groups of people. 

Using a survey tool consisting of “pro-environmental” or “pro-anthropocentric” 

statements, the NEP creates a scale of respondents’ ecological worldview (Anderson, 
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2012). The New Environmental Paradigm (sometimes called the original NEP) was 

created in the late 1970’s by Riley Dunlap and Kent Van Liere in response to rising 

public concern of air and water pollution, loss of aesthetic values, and resource 

conservation. This measure focused on “beliefs about human’s ability to upset the 

balance of nature, the existence of limits to growth for human societies, and 

humanity’s right to rule over the rest of nature” (Dunlap et al., 2000). In the decades 

prior to its development, social psychologists believed that the prevailing sentiment of 

the population was that of a dominant social paradigm (DSP), or a “pro-

anthropocentric” worldview. The DSP worldview includes: 

1. A belief in limitless resources, continuous progress, and the necessity of 

growth. 

2. Faith in the problem-solving abilities of science and technology. 

3. Strong emotional commitment to a capitalist economy and to the sanctity of 

private property rights. 

(Erdogan, 2009) 

However, the publication of Rachel Carson’s Silent Spring, combined with the 

environmental issues mentioned earlier, led researchers to believe that a societal shift 

was in motion. The result was the original NEP, an instrument that could potentially 

“measure where a population was in its transition from the DSP to a new, more 

environmentally-conscious world view, a change that the NEP scale developers 

thought was likely to happen” (Anderson, 2012). The original NEP was criticized for a 

lack of internal consistency among individual responses, poor correlation between the 

scale and behavior, and “dated” language. Dunlap and his associates then created the 

New Ecological Paradigm scale to revise criticisms of the original, hence it being 

referred to as the revised NEP (Anderson, 2012).  

The revised NEP has fifteen statements. Seven of the statements, if agreed to by a 

respondent, are meant to illustrate an endorsement of the DSP. The other eight are 

meant to reflect endorsement of the NEP, or a “pro-environmental” worldview. The 

NEP worldview is based on: 

1. A high valuation of nature. 

2. Generalized compassion toward other species, other peoples, and other 

generations. 

3. Careful planning and acting to avoid risks to humans and nature. 

4. Recognition that there are limits to growth to which humans must adapt. 

5. A new society with cooperation, openness, and participation. 

6. Consultative and participatory new politics emphasizing on foresight and 

planning. 
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Since its completion in 1978, and its revision in 2000, the NEP has been the most 

widely used tool for quantitative measurement to determine environmental concern. 

Using Likert-scale answers (i.e. strongly disagree to strongly agree), the NEP has been 

used to investigate environmental knowledge, attitude, and behaviors, as well as a 

comparison of opinions on human-environment interactions (Putu, 2017). The NEP 

has most often been used with samples of the general public, but it has also been used 

with samples of specific industries such as farmers and members of interest groups. It 

has similarly been used to measure the environmental attitudes of ethnic minorities in 

the U.S., and residents of Canada, Sweden, the Baltic states, Turkey, and Japan. It has 

also been used to compare the environmental worldview of college students in Latin 

American nations and Spain with those of American students. Finally, several studies 

have found that the NEP scale is a valid predictive measure of environmental beliefs, 

attitudes, and worldview (Dunlap et al., 2000). That being said, other researchers have 

critiqued the NEP for being an incomplete assessment of a pro-environmental 

worldview, having a weak link between NEP scale results and behavior, and 

variability of results, thus calling into question its validity. However, while there may 

be an ongoing debate regarding its validity, there is currently no other tool that has 

been used so extensively accepted as a measure of environmental worldviews. Further, 

it will continue to be valuable mainly because it allows researchers to make 

comparisons across study types, population types, and time (Anderson, 2012).  

3. Methodology 

To assess the value of certain ecosystem services provided by the GB watershed, as 

well as local environmental worldview, we conducted a combination of survey, GIS, 

and statistical methodology.   

3.1 Study Area  

We initially selected potential respondents to the survey from the twenty-two towns 

within the Oyster, Lamprey, and Cocheco sub-watersheds, which comprise a large 

portion of the GB watershed. We chose these sub-watersheds because they flow into 

the GBE (tributaries) and deposit sediments and nutrients from point and nonpoint 

sources, expelling over 500 tons of nitrogen into the GBE every year (Piscataqua 

Region Estuaries Partnership, 2013). In fact, 68% of the nitrogen that is deposited into 

the GBE stems from the surrounding watershed (Trowbridge et al., 2014). Further, 

these rivers’ watersheds are comprised of diverse land covers, land uses, and human 

populations.  

3.2 Survey Recruitment 

We mailed an invitation letter containing a link to the informed consent letter and 

online questionnaire to 50 residents from each of the aforementioned towns. Both the 
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invitation letter and associated questionnaire were approved by the Plymouth State 

University Institutional Review Board (IRB). A copy of the IRB approval letter can be 

found in the Appendix B. The invitation letter was developed using Dillman’s 

Tailored Design Method (TDM), detailing study information, benefits of participation, 

contact information of the researchers, and gratitude for completion. A more thorough 

description of the TDM can be found in chapter 2.2. A copy of the invitation letter can 

be found in the Appendix C. We collected residential address lists from town assessors 

and sorted them into separate Microsoft Excel files. We then cleaned the lists by 

removing duplicate addresses, addresses that were non-residential, and addresses that 

were outside the town of interest. Using GIS, we geocoded the remaining addresses 

onto a map of their respective towns. Geocoding is the process of turning a description 

of a location, such as an address, to a location on the earth’s surface. Geocoding the 

addresses allowed us to exclude those which were outside the study area. We then 

copied these addresses to new Excel files and performed a random sampling function 

to retrieve fifty final addresses for each town. This process of potential respondent 

selection was painstaking and highly selective by design. We sought to ensure that our 

responses would only be derived from residents living within our strictly-defined 

study site. A simpler approach that may have yielded a higher response rate may have 

been to randomly sample the towns using a paid surveying service. However, applying 

this method would mean potentially receiving responses from residents not living 

within our sub-watersheds of interest. We sent out the first round of 1,050 invitation 

letters in early September 2017 followed by a round of 1,025 reminder postcards in 

late September 2017 to non-respondents. Due to a low response rate, we ran print and 

online advertisements for the questionnaire in the Seacoast Online 

(http://www.seacoastonline.com) and Foster’s Daily Democrat 

(http://www.fosters.com) Newspapers for one week in October 2017. We mailed 420 

invitation postcards in January 2018. We decided to transition from the original 

invitation letter to an invitation postcard because of the low response rate of the 

invitation letter. Revisions were made to the invitation postcard with the hopes of 

boosting the response rate, including: enlarged text of the link to the questionnaire, 

improved directions to open the questionnaire, colored ink and a background image to 

make the invitation more graphically appealing, and an emphasis on associated 

incentives and ease of completion. A copy of the invitation postcard can be found in 

the Appendix D. 

3.3 Survey Design 

We constructed the survey following Dillman’s Tailored Design Method (TDM) and 

“A novel deliberative multicriteria evaluation approach to ecosystem service 

valuation” (Mavrommati et al., 2017). We created the survey using Qualtrics survey 

software and began with questions of ecosystem service valuation and responses to the 
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NEP to avoid “survey fatigue”. Survey fatigue usually occurs towards the end of 

surveys and occurs when respondents become bored, tired, or uninterested and begin 

to perform at a decreased level. Therefore, even in short surveys, it is recommended to 

ask your most important questions earlier on in the questionnaire (Dillman et al., 

2014). We decided to use the Contingent Choice valuation method for our ecosystem 

service valuation in order to rank and compare the four services. Using a 10-point 

allocation method, we asked participants to imagine they had 10 “value points” to 

distribute among four ecosystem services provided by the GB watershed based on the 

level of importance they placed on the options. The value points for allocation were 

non-monetary and unspecific by design so that participants would base their choices 

on personal experiences, perceived benefits, and emotions, rather than solely on 

dollar-value considerations (Klain & Chan, 2012; Sherrouse et al., 2011; Van riper et 

al., 2014). We chose to focus on swimming opportunity (cultural), flood control 

(regulating), clean drinking water (provisioning), and wildlife habitat (habitat or 

supporting), because they fall into each of the four classic ecosystem services 

categories. Also, we chose these services because they could be modeled under 

present and future land use conditions by other researchers associated with the project. 

For the NEP statements, we chose to use a Likert scale response classification. Likert 

scales are a proven research tool in ecosystem service valuation surveys and are one of 

the most common methods in social science research as a whole. For this reason, 

Likert scales are widely understood and considered very user-friendly for participants. 

Also, Likert scales allow researchers to compile data from large sample sizes in an 

effective and inexpensive manner, producing results that are easy to quantify. Finally, 

Likert scales do not require participants to choose between one option or the other, 

instead allowing them to respond to a certain level of agreement including neutral or 

undecided feelings (Allen & Seaman, 2007, Clarifio & Perla, 2007, Dillman et al., 

2014).We then asked respondents about their demographics, including: age, length of 

residence, average annual income, gender, political ideology, race, highest education 

attainment, community type, childhood community type, and level of knowledge 

regarding the GB watershed. A copy of the survey can be found in the Appendix E.  

3.3 GIS Analysis & Maps  

Prior to analyzing survey responses, we created a detailed map of the study area using 

Geographic Information Systems (GIS) (Figure 11). The maps used for proximity 

analyses can be found in Appendix G. We geocoded all respondents so that the 

respondent’s mailing address could be used as the starting point for a series of 

proximity analyses. We also applied a boundary of the GB watershed to the map to 

ensure that no features outside the boundary would factor into the proximity analyses.  

We completed proximity analyses using the GIS Near tool, which calculates the 

distance in meters between the input feature (respondent) and the closest feature in 
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another layer. We confined our layers and associated features within the watershed 

boundary so outside features would not interfere with our analyses.  

Distance to Water Bodies 

We hypothesized that for each ecosystem service, value would decrease as a 

respondent’s distance increased from bodies of water, defined as lakes, ponds, rivers, 

and streams using data from the New Hampshire Wildlife Action Plan (NH Fish and 

Wildlife, 2015) (Figure 12). While we did not quantify the exact connection between 

ecosystem services and water bodies in the GB watershed, we believed that 

respondents’ perception of this connection would drive a spatial change in value. We 

also hypothesized that a respondent’s environmental score would decrease as distance 

to water bodies increased.  

Distance to Swimming Areas 

For the swimming ecosystem service, we also calculated the distance of each 

respondent to the nearest recreational area that allowed swimming to the public (NH 

Office of Energy and Planning, 2009). We hypothesized that proximity to swimming 

areas would have a significant effect on the value of the swimming ecosystem service, 

but we remained undecided as to what the effect would be. For one, respondents who 

live closer to swimming areas may have a higher value of swimming recreation 

because of local connection and ease of access. However, those who live further from 

swimming areas may have a higher value because it is a more special experience that 

they don’t have the privilege to take advantage of.  

Distance to the Great Bay Estuary 

For all four ecosystem services, we calculated respondents’ distance to the Great Bay 

Estuary (NH Department of Environmental Services, n.d.). While our study was 

focused on the entire Great Bay watershed, there may be respondents who associated 

the area only with the iconic Great Bay Estuary. Therefore, we hypothesized that as 

distance increased from the estuary, the value of each ecosystem service would 

decrease. We also hypothesized that a respondent’s environmental score would 

decrease as distance to the Great Bay Estuary increased. 

Distance to Flood Zones/Living within Flood Zone 

For the flood control service, we calculated the distance of each respondent to the 

nearest the nearest flood zone (Figure 13). We also recorded whether a respondent was 

living within a flood zone. A flood zone was defined as an area with a 1% annual 

chance of flooding and a 26% chance of flooding over the life of a 30-year mortgage 

(Department of Homeland Security, 2017). We eliminated other flood categories from 

the map that were not defined as flood zones so they would not interfere with the 
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analyses. We hypothesized that respondents who lived closer to flood zones, or who 

lived within flood zones, would have a higher value of the flood protection service. 

Distance to Conserved Land 

For the wildlife habitat service, we calculated the distance of each respondent to the 

nearest conserved parcel of land, defined as parcels of land of two of more acres that 

are mostly undeveloped and are protected from future development (Society for the 

Protection of NH Forests, 2013) (Figure 14). We hypothesized that as distance from 

conserved land increased, value of the wildlife habitat service would decrease. We 

also hypothesized that a respondent’s environmental score would decrease as distance 

from conserved land increased. 

Habitat Rank 

For the wildlife habitat ecosystem service, we calculated which habitat ranking, if any, 

each respondent lived in. According to a GIS layer created by the New Hampshire 

Fish and Game Department, and incorporated into the New Hampshire Wildlife 

Action Plan, habitat rankings were developed to show the top conditions of wildlife 

habitat in the state, particularly for Species of Greatest Conservation and especially 

rare habitats (NH Fish and Wildlife, 2015). We hypothesized that respondents who 

lived in unranked or 3rd ranked areas would have a lower value and lower 

environmental score than those who lived in 1st or 2nd ranked areas.  

The clean drinking water ecosystem service was the most difficult to identify 

quantifiable factors for. After contacting the New Hampshire Department of 

Environmental Services (DES), we obtained GIS layers for public water supply 

sources, water well inventories, and source water protection areas. However, these 

layers did not contain information related to actual water body sources, and we 

determined that respondents would realistically not be aware of their proximity to 

public wells and supply sources. Coupled with the fact that we were unable to acquire 

a GIS layer related to private wells, we concluded that we would not be able to 

complete a thorough proximity analysis for the clean drinking water ecosystem 

service.  

3.4 Data Analysis 

Our goals for statistical analysis were as follows:  

1. Determine whether there is a significant difference between the four ecosystem 

services of interest provided by the GB watershed. 

2. Determine the influence of geographic and demographic characteristics on 

respondents’ valuation of four ecosystem services provided by the GB 

watershed.  
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3. Determine the influence of geographic and demographic characteristics on the 

average environmental score of respondents, as displayed through placement 

on the New Ecological Paradigm scale. 

 

3.4.1 Processing 

We converted relevant survey answers to into numeric codes to allow for easier data 

and statistical analysis. For example, the categories of ‘female’ and ‘male’ were coded 

into 0 and 1. We coded survey questions that had more than two categorical options 

such as ‘Race’ or ‘Prior Level of Knowledge’ using a numbering scheme. To calculate 

a score for the NEP section, we converted the Likert scale responses from text to 

numeric, with -2 being the lowest possible average and 2 being the highest possible 

average environmental score. We then calculated an ‘average environmental score’ for 

each respondent.  

3.4.2 Descriptive and Summary Statistics 

We calculated the percentage of each demographic group represented in the survey 

and compared the representation to that of the counties in the study site (Rockingham 

& Strafford) and New Hampshire as a whole. We then calculated descriptive statistics 

for the average environmental score and the continuous explanatory variables, 

including years lived in community and proximity to points of interest (bodies of 

water, conserved land, publicly accessible swimming areas, flood zones, and the Great 

Bay Estuary).  

3.4.3 Statistical Analysis 

Using Microsoft Excel, we first calculated the average valuation of each ecosystem 

service for every demographic group. We then conducted an ANOVA between each of 

the ecosystem services to determine whether there were significant differences in the 

ecosystem service values reported by respondents. To determine whether certain 

spatial or demographic variables helped explain observed variation in the valuation of 

the ecosystem services as well as respondents’ environmental score, we conducted a 

series of multiple linear regression analyses. A multiple linear regression attempts to 

model the linear relationship between two or more explanatory variables, in our case 

geographic and demographic variables, and a single response variable, in our case 

ecosystem service valuation and environmental score. The stepwise parameter 

selection technique conducts a series of multiple linear regressions, each time adding 

significant variables and removing insignificant variables. In order to avoid 

collinearity among the explanatory variables, we conducted Pearson’s correlation tests 

for continuous variables, Spearman’s correlation tests for ordinal categorical variables, 

and Chi Squares Tests of Independence for nominal categorical variables. Once we 
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determined the collinear variables, we built our stepwise regression models. After we 

found significant variables, we graphed the significant regressions using scatterplots 

with regression lines for continuous predictors and box and whisker plots for 

categorical predictors.  

4. Results 

4.1 Summary of Responses 

We received 83 responses to the survey out of 1,470 invitations, a response rate of 

5.8%. A slightly greater percentage of respondents were male (51.8%), primarily 

White (89.2%), a majority attained a bachelor’s or graduate degree (37.3% Bachelor’s; 

37.3% Graduate or Professional), and 71.1% made more than $50,000 annually. 

Respondents were older than the state average (mean: 55.3).  

Respondents from Strafford County were older than the county average (mean: 56.6). 

A slightly greater percentage of respondents were male (51.7%), primarily White 

(91.7%), a majority attained a bachelor’s or graduate degree (37.3% Bachelor’s; 

37.3% Graduate or Professional), and 73% made more than $50,000 annually.  

Respondents from Rockingham County were older than the county average (mean: 

55.4). A slightly greater percentage of respondents were male (52.2%), primarily 

White (82.6%), a majority were college educated (30.4% Some College or 

Associate’s/Technical; 56.5% Bachelor’s; 8.7% Graduate or Professional), and 65.2% 

made more than $50,000 annually.  

The average number of years respondents lived in their community was 17.1 +/- 

11.69. The average environmental score of respondents was 1.1 +/- 1.33, where a 

score greater than zero suggests a pro-environmental worldview and a score less than 

zero suggests a pro-anthropocentric worldview. 91.6% of respondents had an 

environmental score greater than zero.  

4.2 Valuation Statistics 

The average value assigned to each ecosystem service for all respondents and each 

demographic group can be found in Table 2. We found statistically significant 

differences in the values of the ecosystem services (ANOVA, DF=3, F=30.44, P-

value= 0.0001) (Table 4). We used Turkey’s HSD Post Hoc test and found that the 

values assigned to the drinking water and wildlife habitat ecosystem services were 

significantly higher than the swimming and flood control ecosystem services (P-

Value= 0.001) (Table 5). The comparison of ecosystem service values is graphed in 

Figure 6 and a map of each respondent’s value for the ecosystem services can be 

found in Figure 7. 
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Table 2. Average valuation of ecosystem services by all respondents and 

demographic groups. 

 

 

Ecosystem 

Service 

Swimming Flood Control Drinking 

Water 

Wildlife 

Habitat 

     

All 

Respondents 

1.7 +/- 1.13 2.2 +/- .89 3.08 +/- 1.12 3.05 +/- 1.33 

     

Gender     

Women 1.64 +/- 1.1 2.2 +/- .87 2.93 +/- 1 3.23 +/- 1.66 

Men 1.71 +/- 1.18 2.16 +/- .94 3.19 +/- 1.23 2.93 +/- .99 

     

Prior 

Knowledge 

    

None 1.5 +/- .92 2.41 +/- .86 3.36 +/- 1.16 2.72 +/- .72 

Little 1.6 +/- 1.16 2.31 +/- .8 3.19 +/- .99 2.9 +/- 1 

Some 1.8 +/- 1.18 2.14 +/- .88 3.02 +/- 1.16   

Extensive Non-

Scholarly 

1.83 +/- .93 2.5 +/- .45 2.83 +/- .26 2.83 +/- .68 

Extensive 

Scholarly 

1.38 +/- 1.6 .88 +/- 1.18 2.63 +/- 2.06 5.13 +/- 3.33 

     

Income     

25-50K 1.9 +/- 1.19 2.5 +/- .35 2.6 +/- .22 3 +/- 1.17 

51-75K 2.13 +/- .92 2.56 +/- .77 2.88 +/- .92 2.44 +/- .57 

76-100K 1.65 +/- 1.2 2.18 +/- .68 3.18 +/- 1.08 3 +/- .93 

100K+  1.48 +/- 1.18 1.96 +/- 1.04 3.19 +/- 1.39 3.37 +/- 1.87 

     

Community     

Rural 1.58 +/- 1.18 2.18 +/- .94 3.09 +/- 1.29 3.15 +/- 1.56 

Suburban  1.88 +/- 1.05 2.21 +/- .84 3.08 +/- .74 2.83 +/- .72 

Urban 1.83 +/- .76 2.17 +/- .29 2.83 +/- .74 3.17 +/- .72 

     

Childhood 

Community 

    

Rural 1.64 +/- .96 2.33 +/- .81 3.31 +/- 1.19 2.71 +/- .92 

Suburban 1.72 +/- 1.21 2.08 +/- .92 2.96 +/- 1.13 3.24 +/-1.55 

Urban 1.63 +/- 1.11 2.38 +/- .88 3.17 +/- .91 2.83 +/- .69 

     

 

Education 

    

High School 1.6 +/- .96 1.9 +/- 1.34 3.2 +/- 1.25 3.3 +/- .97 

Some College 1.63 +/- 1.12 2.19 +/- .87 3.06 +/- 1.21 3.13 +/- .92 

Bachelor’s  1.76 +/- 1.09 2.44 +/- .81 2.92 +/- 1.04 2.89 +/- 1.26 

Graduate 1.66 +/- 1.24 1.98 +/- .87 3.23 +/- 1.15 3.13 +/- 1.62 
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Figure 6. Comparison of respondents’ average value of each ecosystem service. 

 

Political 

Identity 

    

Conservative 2.08 +/- .86 2.42 +/- .38 2.92 +/- .58 2.58 +/- .38 

Liberal 1.34 +/- 1.03 1.97 +/- .85 3.16 +/- 1.32 3.53 +/- 2.04 

Moderate 1.45 +/- 1.36 2.24 +/- .79 2.92 +/- .95 3.39 +/- .99 

 

Moderately 

Conservative 

2.39 +/- .99 2.28 +/- 1.09 2.61 +/- 1.22 2.72 +/- .97 

Moderately 

Liberal 

1.85 +/- 1.04 2.13 +/- .96 3.31 +/- 1.23 2.71 +/- 1.21 

     

Flood Risk     

Floodway 2 +/- 1 2.83 +/- 1.04 2.33 +/- 1.15 2.83 +/- 1.04 

Not in Floodway 1.68 +/- 1.14 2.16 +/- .88 3.11 +/- 1.11 3.06 +/- 1.34 

     

Habitat Rank     

No Rank 1.76 +/- 1.1 2.23 +/- .85 3.07 +/- 1.02 2.94 +/- 1.09 

1st 1 +/- 1.41 2.5 +/- .7 3 +/- 1.41 2.5 +/- .7 

2nd  1.25 +/- 1.25 1.88 +/- 1.09 3.31 +/- 1.19 3.56 +/- 1.08 

3rd  1.13 +/- 1.31 1.88 +/- 1.31 2.88 +/- 2.46 4.13 +/- 3.92 

     

Race     

American Indian 3 +/- N/A 2 +/- N/A 2.5 +/- N/A 2.5 +/- N/A 

Other  1 +/- 0 2 +/- 1 3.33 +/- .58 3.67 +/- .58 

White 1.72 +/- 1.14 2.22 +/- .88 3.07 +/- 1.16 2.99 +/- 1.32 
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4.3 Collinearity Between Explanatory Variables 

To remove potential collinearity errors within the multiple linear regressions, we 

conducted Pearson’s correlation tests for continuous variables, Spearman’s correlation 

tests for ordinal categorical variables, and Chi Squares Tests of Independence for 

nominal categorical variables. We found statistically significant collinearity between 

the following variables: age and years lived in community, distance to the Great Bay 

(GB) and distance to conserved land, distance to swimming areas and distance to 

water bodies, distance to the GB and distance to swimming areas, distance to the GB 

and distance to flood zones, income and education, and prior level of knowledge and 

.

0 8 164 Miles

Figure 7. Map of respondents’ average value of each ecosystem service. The 

sum of ecosystem service values was capped at 10.  
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Table 6. Results from Pearson’s and Spearman’s Correlations. 

education. Details of the Pearson’s and Spearman’s correlations can be found in Table 

6. 

 

Variables Correlation P-value 

   

Pearson’s Correlation    

Age vs. Years Lived in 

Community 

    0.49   0.00 

   

Distance to the GB vs. 

Distance to Conserved 

Land 

    0.41   0.00 

   

Distance to Swimming 

Areas vs. Distance to Water 

Bodies 

    0.28   0.011 

   

Distance to the GB vs. 

Distance to Swimming 

Areas 

    -0.24   0.03 

   

Distance to the GB vs. 

Distance to Flood Zones 

    0.23   0.03 

   

Spearman’s Correlation   

   

Income vs. Education     0.22   0.04 

   

Prior Knowledge vs. 

Education 

    0.25   0.02 

 

4.4 Influencers of Ecosystem Service Value 

After conducting Stepwise Multiple Linear Regressions (MLR), we found no 

statistically significant predictors of value for the swimming and drinking water 

ecosystem services. We found prior level of knowledge to be a statistically significant 

predictor of the flood control ecosystem service (MLR, DF= 4, F= 2.9, P-value= .02) 

(Table 7). Respondents with extensive prior knowledge of ecosystem services 

provided by the GB watershed through scholarly sources reported a significantly lower 

value of the flood control ecosystem service than those with lower levels of prior 

knowledge (Figure 8). We found prior level of knowledge to be a statistically 

significant predictor for the wildlife habitat ecosystem service (MLR, DF= 4, F= 2.9, 

P-value= .024) (Table 8). Respondents with extensive prior knowledge through 

scholarly sources reported a significantly higher value of the wildlife habitat 
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ecosystem service than those with lower levels of prior knowledge (Figure 9). We 

found childhood community type (MLR, DF= 2, F= 5.47, P-value= .006) to be a 

significant predictor of the average environmental score (Table 9). Respondents who 

lived in suburban communities as children had significantly higher environmental 

scores than those who lived in rural or urban communities as children (Figure 10).  
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Figure 9. Box plot of the influence of prior level of knowledge on the 

wildlife habitat ecosystem service valuation. 

* (P-value= .024) 

Figure 8. Box plot of the influence of prior level of knowledge on the 

flood control ecosystem service valuation. 
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5. Discussion 

5.1 Objectives 

Our main objectives for this study were to find out how local residents of the GB 

watershed valued four important ecosystem services, if their demographic or 

geographic characteristics influenced their valuation, and if these characteristics also 

influenced their environmental score through placement on the NEP scale, which 

measures environmental worldview. Through literature review we knew that personal 

characteristics have been found to influence environmental valuation and concern, and 

thus we hypothesized that this would be the case in our study. However, we did not 

know which characteristics would influence the valuation of our ecosystem services of 

interest, or to what extent the influence would affect valuation.  

5.2 Major Takeaways 

5.2.1 Value of Ecosystem Services 

Regarding the comparison of the different ecosystem services, we found that 

respondents valued clean drinking water and wildlife habitat significantly more than 

swimming recreation and flood protection. Swimming, while an enjoyable activity, is 

both singular and seasonal. In New Hampshire, swimming is only an option during the 

summer while clean drinking water and wildlife habitat provide benefits all year 

round. Further, there are many other water-based recreational opportunities like 
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kayaking, fishing, sports, hunting, and birdwatching. Our results regarding the value 

of swimming recreation are partially supported by similar studies in the state of New 

Hampshire. Rogers et al. (2014) found that only 40% of respondents would be willing 

to pay fees to improve recreational navigation in the Great Bay Estuary and only 45% 

agreed that the state should pay for dredging to improve recreational navigation within 

the Great Bay Estuary. In comparison, 70% of respondents to this survey would be 

willing to pay fees to restore fish, shellfish, and wildlife habitat within the Great Bay 

Estuary and 85% agreed that the state should pay for efforts to restore fish, shellfish, 

and wildlife habitat within the Great Bay Estuary (NH Department of Environmental 

Services, 2010). However, Rogers et al. (2014) found that 75% of respondents 

statewide were concerned with public access for recreation in streams, rivers, lakes, 

and bays. This may be explained by the fact that this survey asked about recreation 

while ours asked about only swimming. We chose swimming as our specific 

recreational ecosystem service because the number of swimming days is quantifiable 

in relation to the state of the watershed; i.e. there will be more swimming days when 

the watershed is in a better state of overall health. Another reason for the lower 

valuation of the swimming ecosystem service may be attributed to the average age of 

our respondents. Since 87% of respondents were over the age of 35, they may have 

associated the watershed’s swimming areas as unclean or not cared for, as was the 

case for many decades prior to recent progress in research and protection. Also, 

swimming may be an activity that is more popular for a younger demographic.  

Like swimming, respondents to the survey valued the flood protection ecosystem 

service significantly less than the drinking water and wildlife habitat ecosystem 

services. While this may be a relevant service regardless of the season and there are no 

other natural alternatives, our respondents may not have viewed flooding as a serious 

threat. Although Rogers et al. (2014) found that 64% of New Hampshire citizens were 

concerned with protection from flooding, we suspect the fact that only 3.5% of our 

respondents lived within a floodway, and even those that did only had a 1% annual 

chance of flooding, influenced respondent valuation. While 64% may be a majority of 

citizens, this same survey found that 92%, 91%, 90%, and 87% of respondents were 

concerned with cleanliness of water for fish and wildlife, availability of clean drinking 

water in the future, level of pollution in local streams, rivers, lakes, and bays, 

cleanliness of drinking water, respectively (Rogers et al., 2014).  

Our results may aid with prioritizing ecosystem services for future land management 

decision making in the Great Bay watershed. Since the drinking water and wildlife 

habitat ecosystem services were valued significantly more than the flood control and 

swimming recreation ecosystem services, we believe that protecting these services 

should take precedence. For example, if a certain natural area and its associated 

ecosystem services are being threatened, measures should be taken to first protect 

wildlife habitat and drinking water sources. If this natural area is a source for drinking 

water, provides habitat for wildlife, and is publicly accessible for swimming, 

researchers can cite our work as a defense for restricting future swimming based on 

real local valuation. Further, this line of thought can also be applied to the allocation 
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of funds for ecosystem service protection. Researchers can proportionately distribute 

monetary funding and other resources to the four ecosystem services based on input 

from residents of the watershed. 

5.2.2 Influencers of Ecosystem Service Valuation and Environmental Score 

Overall, we found that prior level of knowledge, childhood community type, and 

distance to conserved areas of land influenced the value of certain ecosystem services 

or the respondents’ environmental score. The fact that a majority of characteristics did 

not influence the respondents’ value of the ecosystem services of their environmental 

score may be explained by the fact that an overwhelming majority of respondents 

encompassed a pro-environmental worldview. Nearly 92% of respondents had an 

average environmental score greater than zero, indicating a pro-environmental 

worldview. This result is supported by NH Department of Environmental Services 

(2010) and Rogers et al. (2014). These studies found that respondents throughout the 

state of New Hampshire and the GB watershed were greatly concerned with the 

quality of their aquatic ecosystems and related ecosystem services, were overall 

willing to contribute their own resources to the protection of these ecosystems and 

related ecosystem services and felt that the government should take meaningful steps 

to protect these ecosystems and related ecosystem services. A recent study also 

determined that the state of New Hampshire was the country’s eighth “most green” 

state based on environmental quality, eco-friendly behaviors, and climate change 

contributions. This same study found that New Hampshire was tied for 1st with the 

most LEED-Certified buildings per capita, had the 5th highest percentage of recycled 

municipal solid waste, and had the 4th lowest total municipal solid waste per capita. 

These findings reveal that residents of New Hampshire may feel strongly about their 

local ecosystem services and environmental protection regardless of their demographic 

or geographic characteristics (Kiernan, 2018). If there was more variability in the 

average environmental score, there may have been a different demographic 

representation and possibly different valuation of the ecosystem services. Certain 

individuals who do not care about environmental issues may have viewed the survey 

in an unfavorable light and therefore did not think it was worth participating. In the 

following subsections we examined the suite of explanatory variables and their 

influence, or lack thereof, on valuation and average environmental score. 

Years Lived in Community 

We found that the number of years a respondent lived in their community neither 

influenced their value of any of the ecosystem services, nor did it influence their 

environmental score. This was surprising because we expected an increase in 

residence time to increase the effect of place attachment. Place attachment is “the 

emotional, functional, and cognitive bond that an individual has with a specific 

setting” (Halpenny, 2006). The time factor, or residence time in a community, has 

been found to significantly increase a sense of place attachment (Hashmnezhad et al., 

2013). Studies have found that environmental concern for local watersheds is higher 
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for residents with a greater sense of place attachment, which was not the case for our 

study. This is especially surprising because the average number of years respondents 

lived in their community was 17 years, four more years than the national average 

(Emrath, 2009).  

Prior Level of Knowledge 

We found that respondents with prior level of knowledge of ecosystem services 

provided by the GB watershed through scholarly sources (self-reported) valued the 

flood protection ecosystem service significantly less than those with other levels of 

prior knowledge. Also, respondents with this same level of prior knowledge valued the 

wildlife habitat ecosystem service significantly more than those with other levels of 

prior knowledge. However, prior level of knowledge did not have a significant 

influence on the value of the swimming or clean drinking water ecosystem services, or 

respondents environmental score. Both results are supported by past research, in which 

the influence of prior knowledge remains uncertain. For example, one study found that 

participants in a questionnaire who knew more about the causes of global warming 

seemed to better perceive its various negative consequences (Malka et al., 2009). A 

similar study found that a significantly greater percentage of participants with prior 

knowledge of climate change issues were willing to buy voluntary carbon offsets than 

participants with no prior knowledge (Blasch et al., 2016). This relationship may be 

explained by prior level of knowledge because it helps individuals utilize new 

information about a related subject, thus broadening their opportunity set for decision-

making. Despite this fact, some studies have found that prior knowledge is not a 

significant determinant for environmental concern or action. One such study 

hypothesized that questionnaire participants who had prior knowledge of the 

natural/social environment would be more willing to engage in sustainable behaviors, 

but their results were not supported. Authors proposed that this may have been 

because a higher level of prior knowledge does not necessarily influence personal 

sentiments on the subject in question (Choongo et al., 2016).  

Community Type 

The type of community that a respondent lived in did not influence the value for any 

of the ecosystem services or the respondents’ environmental score. While some 

studies have found that the type of community one lives in will affect their 

environmental attitudes, others have asserted that this is no longer the case (Huddart-

Kennedy et al., 2009, Jones et al. 1999; 2003, Smith and Krannich 2000). Research 

has shown that views on environmental issues differ depending on whether someone 

lives in a rural, suburban, or urban community. Some researchers credit this to 

underlying economic conditions and exposure to environmental change. For example, 

one study found that rural residents were significantly more likely than their urban 

counterparts to view lack of jobs as problematic, while urban residents were more 
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likely to view habitat loss as a point of concern in their community (Safford & Levin, 

2012). Another study attributed this distinction to rural residents having lower 

education levels, lower income, and a more utilitarian value orientation, suggesting 

that they value economic growth over environmental protection (Huddart-Kennedy et 

al., 2009). However, other researchers argue that this difference in concern is 

diminishing, if not gone entirely. The migration of pro-environmental urbanites to 

rural communities, rural areas gaining access to environmental services, and the 

decline in the economic dependency of rural areas on natural resource depletion have 

been noted as factors influencing the decreasing gap between rural and urban 

populations (Saphores et al. 2006). Saphores’ findings are supported by others of the 

same nature, which found weak, or no differences between urban and rural residents 

on cognitive, affective, and behavioral indicators of environmental concern (Huddart-

Kennedy et al., 2009, Jones et al. 1999; 2003, Smith and Krannich 2000).  

Childhood Community Type 

We found that the type of community a respondent lived in as a child did not influence 

their value of the ecosystem services. However, respondents who lived in a suburban 

community as a child had significantly higher pro-environmental scores than those 

who lived in an urban or rural community as a child. Although not much has been 

written on the influence of childhood community on environmental stance, our finding 

may be explained by the trend described in the Community Type subsection. As the 

gap between urban and rural concern closes, childhood development in a suburban 

community may foster a connection to the natural world, while reducing the impact of 

common rural challenges (e.g. natural resource depletion and lower levels of education 

and income). Our results may reveal that future environmental outreach and education 

should engage children in rural and urban communities at increased levels, thus 

potentially instilling an environmental ethic more closely aligned with those who grew 

up in suburban communities.  

Gender 

We found that the gender of a respondent did not influence their value of the 

ecosystem services or their environmental score. This observed pattern is in contrast to 

several studies that have found that women express greater environmental concern 

than men, whether that be measured in environment/economic tradeoffs, participation 

in pro-environmental activities, pro-environmental attitudes or an ecological 

worldview, perceived seriousness of different types of environmental problems, or 

environmental policy preferences (McCright & Xiao, 2014). This trend is supported 

across both age and across 14 countries in Europe, Latin America, and the U.S. 

(Gifford & Nilsson, 2014).  

Political Identity 
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We found that the political identity of a respondent did not influence their value of the 

ecosystem services or their environmental score. This was surprising because political 

identity is known to be one of the strongest influencers of environmental beliefs. 

People who identify as politically liberal or with the Democratic Party consistently 

show higher levels of environmental concern than any other political ideology (Soni & 

Wehr, 2004, Scheinert et al., 2014, Petrovska et al., 2014). There are two main 

explanations for this relationship. First, those within the business and industry sectors, 

which typically support conservative political stances, are opposed to environmental 

reforms. Second, environmental reforms entail an extension of government activities 

and regulations to which conservatives are opposed.  

Race 

We found that the race of a respondent did not influence their value of the ecosystem 

services or their environmental score. This may simply be explained by the lack of 

racial diversity within our sample population. Studies have found that race can be an 

influencer of environmental concern, but that it also may be influenced by issues of 

environmental justice (Marcias, 2014).   

Proximity to Areas of Interest 

The proximity to our areas of interest (i.e. public swimming areas, flood zones, 

conserved areas of land, the Great Bay Estuary, and water bodies) did not affect the 

respondents’ value of any of the ecosystem services; however, respondents who lived 

farther from conserved areas of land had significantly lower environmental scores than 

those who lived closer. We expected more of our dependent variables to be influenced 

by proximity to areas of interest because of spatial biases and the Construal Level 

Theory, as described in section 2.3.1. However, existing literature on the influence of 

proximity suggests otherwise. Some studies have found that the closer a respondent is 

to an area of impairment, the more concerned they will be.  For example, research has 

shown that geographic distance influences climate change perception. One survey 

found that respondents who perceived climate change as a local risk had a greater 

willingness to participate in solution-based activities (Mir et al., 2016). Another study 

found that as distance from a planned polluting coal plant increased, rejection rates 

decreased by 4.3% per mile (Hannon, 1994). There are a few explanations that can 

account for this relationship. One is that local inhabitants are expected to develop a 

greater attachment to local areas to a larger degree, thus manifesting in higher values 

(Vorkinn & Riese, 2001). Similarly, the closer a community is to an area of 

impairment, the more severe they will perceive the risks (Hannon, 1994). However, a 

study of water quality improvements in Lake Champlain found that the distance 

respondents lived from the lake did not have a significant effect on their WTP 

(Scheinert et al., 2014). The conflicting reports of these studies, combined with the 
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conflicting results of our own investigation of the influence of proximity on 

environmental valuation and worldview, suggests that this variable may be context-

specific. We believe that the influence of proximity is not a rule but rather a factor that 

should be considered on a case-by-case basis.  

5.3 Future Work & Recommendations 

5.3.1 Decision-Making in the Great Bay Watershed 

We believe that the results of our study can be used to inform decision-making 

regarding the GB watershed. Our results illustrate that residents of the GB watershed 

are pro-environmental and strongly value drinking water and wildlife habitat in their 

region. Therefore, we believe that these ecosystem services are important to local 

communities and should be prioritized for protection and preservation. With pressures 

from population increase and subsequent development, ecosystem services provided 

by the GB watershed may become threatened, and we believe local input should be at 

the forefront of policy initiatives. While we are not suggesting that the flood control 

and swimming ecosystem services should be forgotten entirely, we believe that land-

use changes and funding for environmental protection should reflect what residents 

value most, namely clean drinking water and undisturbed wildlife habitat. Our study 

contains valuable information because it allows researchers and legislators to develop 

future work with those that will be affected in mind.  

5.3.2 Nonresponse Error in Survey 

Based on the response rate to our survey, we recommend that future researchers 

experiment with different types of survey recruitment and application. With a response 

rate of 5.8%, this meant that our survey may have been affected by nonresponse error. 

Nonresponse error occurs when people selected for a survey who do not respond may 

be different in a meaningful way from those who do respond (Dillman et al., 2014). 

While there is not set definition of a “good” response rate, many modern survey 

researchers across different fields seek to aim for a response rate between 20-30%. 

This standard has dropped from 50, 60, and even 70% since the 1960’s (Czajka & 

Beyler, 2016). In some instances, higher response rates lead to larger data samples and 

greater credibility for subsequent findings (Baruch & Holtom, 2008). However, in the 

past two decades multiple studies have been published challenging the assumption that 

there is a direct correlation between response rate and validity. An evaluation of 

national surveys conducted in 2007 with response rates ranging from 5%-54% 

concluded that surveys with a much lower response rate were only minimally less 

accurate than those with much higher response rates. Studies such as this have led 

researchers to determine that a low response rate does not automatically mean the 

study results are not credible, they simply signify a potentially greater risk of this 

(Morton et al., 2012).  
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There are many factors that may be contributing to falling response rates in survey 

research. A general decrease in ‘volunteerism’ and social participation as a whole, 

wariness with science and research, and an ever-increasing polarized political climate 

have been cited as major factors (Morton et al., 2012). Another possible reason for our 

low response rate may be attributed to that of over-surveying. In recent decades, 

surveys have become commonplace for a growing number of target populations. The 

result is a large number of individuals who are fatigued with constant requests and 

therefore refuse to respond to perceived non-essential surveys (Baruch & Holtom, 

2008). This is especially true of surveys administered online and has resulted in 

decreasing response rates across many fields of study in the past twenty years 

(Holbrook et al., 2008). While we applied an unsupervised approach for our survey 

methodology, an in-person supervised survey method may yield a higher response rate 

for future work. In an in-person supervised survey, the researcher administers the 

survey directly to the respondent and stays with them until its completion. Examples 

of locations for this could be local farmers markets, town hall meetings, or libraries. 

While this approach is more personal, and thus may lead to a higher response rate, 

researchers should be aware that this can be affected by sampling and interviewer bias. 

Sampling bias occurs when data is collected in such a way that some members of the 

intended population are less likely to be included than others. Interviewer bias occurs 

when the researcher influences a respondent in such a way that it alters the outcome of 

the survey (Wilcock et al., 2007). One way to address interviewer bias may be to 

simply invite potential respondents in-person and then allow them to take the survey 

unsupervised at a later time. The personal touch of an in-person invitation is still there, 

but the influence of responding in the presence of the researcher would be alleviated. 

5.3.3 Increased Respondent Input 

While our survey helped to reveal respondents’ value of the different ecosystem 

services, questions remain as to where these values came from. Aside from 

demographic and geographic characteristics, we believe that future work should 

include written input from respondents. It would be interesting to see respondents’ 

motivation for their value allocation if directly asked in the survey, and how their 

responses would be similar or different from one another. Instead of being limited to 

categorical or geographical differences, a direct question of this nature could reveal 

common themes or unique reasoning for local ecosystem service values. Further, 

respondents might appreciate being given the opportunity to voice their opinions 

regarding the different ecosystem services and associated concerns or questions. This 

line of inquiry could give insight into sentiments about local ecosystem services in the 

respondents’ own words. Combined with the existing questions of demographic and 

geographic characteristics, this could allow researchers to delve further into the 

“why?” behind local ecosystem service valuation. 
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6. Conclusion 

The Great Bay (GB) watershed, an area of cultural, economic, and ecological 

importance, has been experiencing detriment to its natural environment linked to 

human population and development pressures. Therefore, we set out to examine the 

differences of local residents’ value between the swimming, flood protection, drinking 

water, and wildlife habitat ecosystem services provided by the Great Bay (GB) 

watershed as a means of possible impetus for future decision-making. Within our main 

objective, we investigated what demographic and geographic characteristics of these 

residents would potentially influence their valuation of the ecosystem services, as well 

as their environmental worldview. We hypothesized that certain ecosystem services 

would be valued over others and that some characteristics would influence this 

valuation and environmental worldview. We believed that addressing these differences 

was an important task because it would allow local residents to have a voice. The 

threats to the GB watershed and its associated ecosystem services has the potential to 

affect every person living within the watershed, either physically, economically, 

emotionally. By investigating which benefits provided by the watershed are most 

valued by everyday citizens, researchers can address their input and concerns on a 

smaller-scale, subsequently tailoring future work to be amenable for the greatest 

number of relevant constituents. After surveying residents of the watershed and taking 

into account their demographic and geographic characteristics, we found that 

respondents valued the drinking water and wildlife habitat ecosystem services 

significantly higher than the swimming and flood protection ecosystem services. We 

also found that prior level of knowledge, childhood community type, and distance to 

conserved areas of land influenced respondents’ valuation of the ecosystem services or 

environmental worldview. We believe that these results can be used to inform local 

decision-making about the prioritization of ecosystem services within the GB 

watershed. Researchers and policy makers alike can use our results to help make 

decisions regarding the future protection and preservation of the GB watershed and its 

associated benefits to human populations based on real local input. While this study 

reveals some important results, future surveys of this should take steps to increase 

response rate and directly make inquiries regarding the reasoning behind respondent 

valuation. 

 

 

 

 

 



46 
 

Works Cited 

 

Alberti, M. (2005). The Effects of Urban Patterns on Ecosystem Function. 

International Regional Science Review. 

 

Allen, E., & Seaman, C. (2007). Likert Scales and Data Analyses. Quality Progress.  

http://rube.asq.org/quality-progress/2007/07/statistics/likert-scales-and-data-

analyses.html 

 

Appalachian Landscape Conservation Cooperative. (2016). Ecosystem Services in the  

Appalachians: the Human Landscape. 

 

Atkinson, G., Bateman, I., & Mourato, S. (2012). Recent advances in the valuation of  

ecosystem services and biodiversity. Oxford Review of Economic Policy, 

28(1), 22–47. https://doi.org/10.1093/oxrep/grs007 

 

Barbier, E. B., Hacker, S. D., Kennedy, C., Koch, E. W., Stier, A. C., & Silliman, B.  

R. (2011). The value of estuarine and coastal ecosystem services. Ecological  

Monographs, 81(2), 169–193. https://doi.org/10.1890/10-1510.1 

 

Baruch, Y., & Holtom, B. (2008). Survey response rate levels and trends in  

Organizational research. Human Relations. 

 

Beins, B. (2012). Research Methods: A Tool for Life (3rd ed.). Pearson. 

 

Berg, C. E., Mineau, M. M., & Rogers, S. H. (2016). Examining the ecosystem service  

of nutrient removal in a coastal watershed. Ecosystem Services, 20, 104–112.  

https://doi.org/10.1016/j.ecoser.2016.06.007 

 

Bertness, M.D. (1999). The Ecology of Atlantic Shorelines. Journal of Ecology, 88(2),  

367–367. https://doi.org/10.1046/j.1365-2745.2000.00447-2.x 

 

Blasch, J., & Turner, R. W. (2016). Environmental art, prior knowledge about climate  

change, and carbon offsets. Journal of Environmental Studies and Sciences,  

6(4), 691–705. http://link.springer.com/article/10.1007/s13412-015-0243-y 

 

Bockstael, N. E., Freeman, A. M., Kopp, R. J., Portney, P. R., & Smith, V. K. (2000).  

On Measuring Economic Values for Nature. Environmental Science &  

Technology, 34(8), 1384–1389. https://doi.org/10.1021/es990673l 



47 
 

 

Boyd, J., & Banzhaf, S. (2007). What are ecosystem services? The need for  

standardized environmental accounting units. Ecological Economics, 63(2),  

616–626. https://doi.org/10.1016/j.ecolecon.2007.01.002 

 

 

Carifio, J., & Perla, R. J. (2007). Ten common misunderstandings, misconceptions,  

persistent myths and urban legends about Likert scales and Likert response  

formats and their antidotes. Journal of Social Sciences, 3(3), 106–116. 

 

Chang, C. T. (2012). Are guilt appeals a panacea in green advertising? The right  

formula of issue proximity and environmental consciousness. International  

Journal of Advertising. 

 

Choongo, P., Burg, E. V., Paas, L., & Masurel, E. (2016). Factors Influencing the  

Identification of Sustainable Opportunities by SMEs: Empirical Evidence from  

Zambia. Sustainability. doi:10.3390/su8010081 

 

Czajka, J., & Beyler, A. (2016). Declining Response Rates in Federal Surveys: Trends  

And Implications. Mathematica Policy Research. 

 

Daniel, T. C., Muhar, A., Arnberger, A., Aznar, O., Boyd, J. W., Chan, K. M. A.,  

Dunk, A. von der. (2012). Contributions of cultural services to the ecosystem  

services agenda. Proceedings of the National Academy of Sciences, 109(23),  

8812–8819. https://doi.org/10.1073/pnas.1114773109 

 

Department for Environment, Food and Rural Affairs. (2007). An introductory guide  

to valuing ecosystem services. 

 

Department of Homeland Security. (2017). Flood Zones.  

https://www.fema.gov/flood-zones 

 

Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, mail, and mixed- 

mode surveys: the tailored design method. Hoboken, NJ: John Wiley. 

 

Dunlap, R., Van Liere, K., & Emmet Jones, R. (2000). Measuring Endorsement of the  

New Ecological Paradigm: A Revised NEP scale. Journal of Social Issues. 

 

Duarte, C. M., Marbà, N., & Santos, R. (2004). What may cause loss of seagrasses.  

European Seagrasses: An Introduction to Monitoring and Management, 24. 



48 
 

 

Emrath, P. (2009). Latest Calculations Show Average Buyer Expected to Stay in a  

Home 13 Years. Retrieved from 

http://nahbclassic.org/generic.aspx?genericContentID=194717 

 

Environmental Protection Agency. (2016). Basic Information about Estuaries.  

https://www.epa.gov/nep/basic-information-about-estuaries#whatis 

 

Environmental Protection Agency. (2017). Healthy Watersheds Protection. 

 

EPA Science Advisory Board. (2009). Valuing the Protection of Ecological Systems  

and Services.  

https://yosemite.epa.gov/sab/sabproduct.nsf/WebBOARD/SAB-09-

012/$File/SAB%20Advisory%20Report%20full%20web.pdf 

 

Erdogan, N. (2009). Testing the new ecological paradigm scale: Turkish case. African  

Journal of Agricultural Research. 

 

Eutrophication: Causes, Consequences and Control - Volume 2 | Abid A. Ansari |  

Springer. (2014). http://www.springer.com/us/book/9789400778139 

 

Farley, J. (2012). Ecosystem services: The economics debate. Ecosystem Services,  

1(1), 40–49. https://doi.org/10.1016/j.ecoser.2012.07.002 

 

Fiorino, D. J. (1990). Citizen Participation and Environmental Risk: A Survey of  

Institutional Mechanisms. Science, Technology, & Human Values, 15(2), 226– 

243. Retrieved from http://www.jstor.org/stable/689860 

 

Fisher, B., Turner, R. K., & Morling, P. (2007). Defining and classifying ecosystem  

services for decision making. Ecological Economics, 68(3), 643–653. 

 

Fransson, N., & Garling, T. (1999). Environmental Concern: Conceptual Definitions,  

Measurement Methods, and Research Findings. Environmental Psychology, 

369–382. 

https://www.researchgate.net/profile/Tommy_Gaerling/publication/222252867

_Environmental_Concern_Conceptual_Definitions_Measurement_Methods_an

d_Research_Findings/links/02e7e532c68776e0a1000000.pdf 

 

Graham, S. R., Carlton, C., Gaede, D., & Jamison, B. (2011). The Benefits of Using  

 



49 
 

Geographic Information Systems as a Community Assessment Tool. Public 

Health Reports, 126(2), 298–303. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3056049/ 

 

Gifford, R., & Nilsson, A. (2014). Personal and social factors that influence pro- 

environmental concern and behaviour: A review. International Journal of 

Psychology. 

 

Great Bay National Estuarine Research Reserve. (2011). The Great Bay Estuary: A  

Dynamic Meeting Place. http://greatbay.org/about/heritage.htm 

 

Grabowski, J. H., Brumbaugh, R. D., Conrad, R. F., Keeler, A. G., Opaluch, J. J.,  

Peterson, C. H., … Smyth, A. R. (2012). Economic Valuation of Ecosystem 

Services Provided by Oyster Reefs. BioScience, 62(10), 900–909. 

https://doi.org/10.1525/bio.2012.62.10.10 

 

Gradinaru, G. (2013). Methods and Techniques for Quantifying the Value of  

Ecosystem Services. Romanian Statistical Review. 

 

Halpenny, E. (2006). Examining the Relationship of Place Attachment with Pro- 

Environmental Intentions. Northeastern Recreation Research Symposium. 

 

Hammer, C. S. (2011). The Importance of Participant Demographics. American  

Journal of Speech-Language Pathology, 20(4), 261–261. 

https://doi.org/10.1044/1058-0360(2011/ed-04) 

 

Hannon, B. (1994). Sense of place: geographic discounting by people, animals and  

plants. Ecological Economics, 157–174.   

ftp://131.252.97.79/Transfer/ES_Pubs/ESVal/spatial_econ/hannon_spatdiscou

nt_94_ecolecon_v10_p157.pdf 

 

Hashemnezhad, H., Heidari, A., & Hoseini, P. (2013). Sense of Place" and "Place  

Attachment. International Journal of Architecture and Urban Development. 

 

Hershman, M., Good, J., Bernd-Cohen, T., Goodwin, R., Lee, V., & Pogue, P. (1999).  

The Effectiveness of Coastal Zone Management in the United States. Coastal 

Management. 

 

Holbrook, A., Krosnick, J., & Pfent, A. (2008). The Causes and Consequences of  



50 
 

Response Rates in Surveys by the News Media and Government Contractor 

Survey Research Firms. In Advances in Telephone Survey Methodology. John 

Wiley & Sons, Inc. 

 

Huddart-Kennedy, E., Beckley, T. M., McFarlane, B. L., & Nadeau, S. (2009).  

Rural-Urban Differences in Environmental Concern in Canada. Rural  

Sociology,74(3), 309–329. https://doi.org/10.1526/003601109789037268 

 

Johnston, R., Schultz, E., Segerson, K., Besedin, E., & Ramachandran, M. (2013).  

Stated Preferences for Intermediate versus Final Ecosystem Services: 

Disentangling Willingness to Pay for Omitted Outcomes. Agricultural and 

Resource Economics Review. 

 

Johnston, R., Rolfe, J., Rosenberger, R., & Brouwer, R. (2015). Introduction to  

Benefit Transfer Methods. The Economics of Non-Market Goods and 

Resources. 

 

Kelley, K., Clark, B., Brown, V., & Sitzia, J. (2003). Good practice in the conduct and  

reporting of survey research. International Journal for Quality in Health Care, 

15(3), 261–266. https://doi.org/10.1093/intqhc/mzg031 

 

Kiernan, J. S. (2018). 2018’s Greenest States. Retrieved from  

https://wallethub.com/edu/greenest-states/11987/ 

 

Kildow, J., Colgan, C., Johnston, P., Scorse, J., & Farnum, M. (2016). State of the  

U.S. Ocean and Coastal Economies. National Ocean Economics Program. 

 

King, D., & Mazzotta, M. (2000). Ecosystem Valuation. 

 

Klain, S. C., & Chan, K. M. (2012). Navigating coastal values: participatory mapping  

of ecosystem services for spatial planning. Ecological Economics, 82, 104–

113.  

http://www.sciencedirect.com/science/article/pii/S0921800912002728 

 

Kretsch, C., van Dijk, J., & Schleyer, C. (2016). Public Goods and Ecosystem  

Services. OpenNESS Ecosystem Services Reference Book. 

 

Johnson, C., Bowker, J. M., & Cordell, K. (2004). Ethnic Variation in Environmental  

Belief and Behavior. Environment and Behavior. 

 



51 
 

Laurila-Pant, M., Lehikoinen, A., Uusitalo, L., & Venesjärvi, R. (2015). How to value  

biodiversity in environmental management? Ecological Indicators, 55, 1–11. 

https://doi.org/10.1016/j.ecolind.2015.02.034 

 

Lundmark, C. (2007). The new ecological paradigm revisited: anchoring the NEP  

scale in environmental ethics. Environmental Education Research, 13(3), 329–

347. 

 

Ma, S. (2010). Hedonic Valuation OF Ecosystem Services Using Agricultural Land  

Prices. Michigan State University. 

 

Malka, A., Krosnick, J. A., & Langer, G. (2009). The association of knowledge with  

concern about global warming: Trusted information sources shape public 

thinking. Risk Analysis, 29(5), 633–647. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1539-6924.2009.01220.x/full 

 

Macias, T. (2016). Ecological Assimilation: Race, Ethnicity, and the Inverted Gap of  

Environmental Concern. Society & Natural Resources, 29(1), 3–19. 

https://doi.org/10.1080/08941920.2015.1042128 

 

Mavsar, R. (2004). Stated Preference Methods or Direct Valuation Methods. European  

Forest Institute. 

 

McCright, A., & Xiao, C. (2014). Gender and Environmental Concern: Insights from  

Recent Work and for Future Research. Society & Natural Resources. 

 

Melendez, V.-P., Rubbo, J., & Jo Greene, M. (2010). An Interim Watershed  

Management Plan for the Lower Non-Tidal Portion of the Rondout Creek, 

Ulster County, New York. New England Interstate Water Pollution Control 

Commission. 

 

Milfont, T., Abrahamse, W., & McCarthy, N. (2011). Spatial and Temporal Biases in  

Assessments of Environmental Conditions in New Zealand. New Zealand 

Journal of Psychology. 

 

Millenium Ecosystem Assessment. (2003). Ecosystems and Human Well-being. Island  

Press. 

 

Mills, K. (2009). Ecological Trends in the Great Bay Estuary. Great Bay National  

 



52 
 

Estuarine  Research Reserve. http://greatbay.org/documents/20th-gbnerr-

report.pdf 

 

Mir, H. M., Behrang, K., Isaai, M. T., & Nejat, P. (2016). The impact of outcome  

framing  

and psychological distance of air pollution consequences on transportation 

mode choice. Transportation Research Part D: Transport and Environment, 46, 

328-338.  

doi:10.1016/j.trd.2016.04.012 

 

Mishra, S. (2006). Environment and Natural Resources:Ecological and Economic  

Perspectives. Regency Publications. 

 

Morton, S., Bandara, D., Robinson, E., & Atatoa Carr, P. (2012). In the 21st Century,  

what is an acceptable response rate? Australian and New Zealand Journal of 

Public Health. 

 

Mueller, J. M. (2014, October). Does Distance Impact Willingness to Pay for Forested  

Watershed Restoration? A Spatial Probit Analysis: Working Paper Series--14-

06 [Monograph].  

http://franke.nau.edu/the_working_paper_series/wps_14_06_does_distance_im

pact_willingness_to_pay_for_forested_watershed_re 

 

National Oceanic and Atmospheric Administration. (2015). Watersheds, flooding &  

pollution. 

 

National Oceanic and Atmospheric Administration. (2017). Why Are Estuaries  

Important? The Economy and Environment. 

 

National Research Council. (2005). Valuing Ecosystem Services: Toward Better  

Environmental Decision-Making. National Academies Press. 

https://doi.org/10.17226/11139 

 

The Nature Conservancy. (2018). Watersheds 101. 

 

New Hampshire Dept. of Environmental Services. (2016). Great Bay Estuary.   

http://des.nh.gov/organization/divisions/water/wmb/coastal/great-bay-

estuary.htm 

 

 



53 
 

New Hampshire Department of Environmental Services. (2010). Final Report of the  

Commission to Study the Causes, Effects, and Remediation of Siltation in the 

Great Bay Estuary. 

 

NH Fish and Wildlife. (2015). The Highest Ranked Wildlife Habitat by Ecological  

Condition. 

 

New Hampshire Public Radio. (2010). Great Bay Watershed [Map].   

http://info.nhpr.org/sites/default/files/gbmap081610.jpg 

 

Ormsby, T., Napoleon, E., Burke, R., Groessl, C., & Bowden, L. (2010). Getting to  

know ArcGIS: Desktop. Redlands (California): ESRI Press. 

 

Piscataqua Region Estuaries Partnership, "State of Our Estuaries 2018" (2018). PREP  

Publications. 

 

Putu, S. (2017). How Do Student Teachers’ Beliefs Change when the New Ecological  

Paradigm is Grounded into a Local Context Related to the Balinese Subak 

Landscape Heritage? International Journal of Environmental and Science 

Education. 

 

Quinton, A. (2010). Great Bay Estuary Faces Pollution Threats.   

http://nhpr.org/post/great-bay-estuary-faces-pollution-threats 

 

Reyers, B., Polasky, S., Tallis, H., Mooney, H. A., & Larigauderie, A. (2012). Finding  

Common Ground for Biodiversity and Ecosystem Services. BioScience, 62(5), 

503–507.  

https://doi.org/10.1525/bio.2012.62.5.12 

 

Rogers, S., Farrell, J., Loos, J., & Berg, C. (2014). New Hampshire’s Citizens Value  

and Use Water in Many Ways. Piscataqua Regions Estuary Partnership.  

https://www.plymouth.edu/center-for-the-environment/files/2013/01/Water-

Survey-Report-March-2014.pdf 

 

Sagoff, M. (2008). The Economy of the Earth: Philosophy, Law, and the Environment.  

Cambridge University Press. 

 

Safford, T., Henly, M., & Levin, P. (2012). Urban-Rural Differences in Concern about  

the Environment and Jobs in the Puget Sound  Region.Carsey Institute.  

http://scholars.unh.edu/cgi/viewcontent.cgi?article=1184&context=carsey 



54 
 

 

Saphores, J.-D. M., Nixon, H., Ogunseitan, O. A., & Shapiro, A. A. (2006).  

Household Willingness to Recycle Electronic Waste - An Application to 

California. Environment and Behavior, 38(2). 

http://escholarship.org/uc/item/0466s7dt 

 

Scheinert, S., Zia, A., He, J., Kujawa, R., & Koliba, C. (2014). Value of Water Quality  

and Public Willingness to Pay for Water Quality Policy and Project 

Implementation (Research on Adaptation to Climate Change in the Lake 

Champlain Basin and Vermont’s Waterways). 

http://epscor.w3.uvm.edu/2/pdfFiles/pubs/wtp_report_v7-1_final.pdf 

 

Sheridan, J. M., Lowrance, R., & Bosch, D. D. (1999). Management Effects on Runoff  

and Sediment Transport in Riparian Forest Buffers. American Society of 

Agricultural Engineers. 

 

Sherrouse, B. C., Clement, J. M., & Semmens, D. J. (2011). A GIS application for  

assessing, mapping, and quantifying the social values of ecosystem services. 

Applied Geography, 31(2), 748–760. 

http://www.sciencedirect.com/science/article/pii/S0143622810000858 

 

Short, F. (1992). The ecology of the Great Bay Estuary, New Hampshire and Maine:  

An Estuarine Profile and Bibliography. NOAA - Coastal Ocean Program. 

 

Shrestha, R., Stein, T., & Clark, J. (2006). Valuing nature-based recreation in public  

natural areas of the Apalachicola River region, Florida. Journal of 

Environmental Management. 

 

Sinclair, M., O’Toole, J., Malawaraarachchi, M., & Leder, K. (2012). Comparison of  

response rates and cost-effectiveness for a community-based survey: postal, 

internet and telephone modes with generic or personalised recruitment 

approaches. BMC Medical Research Methodology, 12, 132. 

https://doi.org/10.1186/1471-2288-12-132 

 

Small, N., Munday, M., & Durance, I. (2017). The challenge of valuing ecosystem  

services that have no material benefits. Global Environmental Change, 44, 57–

67. 

 

 

 



55 
 

Soni , D., & Wehr, K. (2004). Factors Affecting Environmental Concern in  

Bloomington-Normal Residents. The Park Place Economist, 12(1).  

http://digitalcommons.iwu.edu/parkplace/vol12/iss1/19 

 

Sumich, J. L., & Dudley, G. H. (2008). Laboratory and Field Investigations in Marine  

Life. Jones & Bartlett Learning. 

 

Trowbridge, Philip , Matthew Wood, Jeffrey Underhill, and David Healy. "Great Bay  

Nitrogen Non-Point Source Study." New Hampshire Department of 

Environmental Services (2014): Web. 

<https://www.des.nh.gov/organization/divisions/water/wmb/coastal/documents

/gbnnpss-report.pdf>. 

 

Turner, R. (2013). Using Contingent Choice Surveys to Inform National Park  

Management. Journal of Environmental Studies and Sciences. 

 

U.S. Census Bureau. (2016). New Hampshire Counties by Population. 

 

US Forest Service. (2007). Watershed Services: The important link between forests  

and water. 

https://www.fs.fed.us/ecosystemservices/pdf/Watershed_Services.pdf 

 

Van Riper, C. J., & Kyle, G. T. (2014). Capturing multiple values of ecosystem  

services shaped by environmental worldviews: a spatial analysis. Journal of 

Environmental Management, 145, 374–384. 

http://www.sciencedirect.com/science/article/pii/S0301479714003156 

 

Visser, P., Krosnick, J., Lavrakas, P., & Kim, N. (2013). Survey Research. In  

Handbook of Research Methods in Social and Personality Psychology. 

Cambridge University Press. 

 

Vorkinn, M. (2001). Environmental Concern in a Local Context The Significance of  

Place Attachment. Environment and Behavior, 33(2), 249–263. 

https://doi.org/10.1177/00139160121972972 

 

Wake, C., Burakowski, E., Kelsey, E., Hayhoe, K., Stoner, A., Watson, C., &  

Douglas, E. (2011). Climate Change in the Piscataqua/Great Bay Region: Past, 

Present, and Future. 

 

 



56 
 

Willcock, S., Camp, B. J., & Peh, K. S.-H. (2017). A comparison of cultural  

ecosystem service  

survey methods within South England. Ecosystem Services, 26, 445–450. 

https://doi.org/10.1016/j.ecoser.2016.06.012 

 

Yang, X., Wu, X., Hao, H., & He, Z. (2008). Mechanisms and assessment of water  

eutrophication. Journal of Zhejiang University. Science. B, 9(3), 197–209. 

https://doi.org/10.1631/jzus.B0710626 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



57 
 

Appendix A: Methods of Ecosystem Service Valuation 

Market Price Method 

The market price method estimates the economic value of ecosystem services that are 

bought and sold in markets. This method can be used to value changes in quantity or 

quality of a good or service (King & Mazzotta, 2000). The market price method 

determines the consumer’s surplus and the producer’s surplus using market price and 

quantity data. The consumer’s surplus is the benefit derived by the consumer which 

exceeds the cost he or she has paid for the service. Similarly, the producer’s surplus is 

the benefit derived which exceeds the cost that he or she has incurred in producing and 

marketing the service. The total economic benefit, or economic surplus, is the sum of 

consumer surplus and producer surplus. Ecosystem services that generate a larger 

economic surplus are more valuable (Mishra, 2006). One advantage of the market 

price method is that values are well-defined because market price is assumed to reflect 

willingness to pay (WTP) for costs and benefits of goods that are sold in markets, such 

as fish and timber. Also, price, quantity, and cost data are relatively easy to obtain for 

established markets. Finally, this method is a standard and accepted economic 

technique that uses observed data of actual consumer preferences (King & Mazzotta, 

2000). This method also has several disadvantages. First, since only a few ecosystem 

services are bought and sold in markets, the use of this method is limited. 

Additionally, prices vary seasonally and cyclically, and market imperfections as well 

as subsidies can distort the validity of measuring economic surplus. Further, less 

developed economies may not account for all resources that contribute to an 

ecosystem service and thus may not be reflected in the prices (Mishra, 2006). Finally, 

This method cannot be easily used to measure the value of large-scale changes that 

may affect supply and demand (King & Mazzotta, 2000).  

Productivity Method 

The productivity method, also known as the net factor income or derived value 

method, is used to estimate the value of ecosystem services that contribute to the 

production of commercially marketed goods or services. If the ecosystem service is an 

input to produce a marketed good, changing its quantity or quality will lead to changes 

in the cost of production or productivity of other inputs. This will influence the price 

or quantity of marketed goods in the product. Therefore, if the quality or price changes 

for the consumer, there will be changes in the consumer surplus. Similarly, if 

productivity or production cost changes, there will be changes to producer surplus. 

Thus, economic benefits that result from improved ecosystem services can be 

determined using changes in market data. This method involves collecting data on 

how changes in the quantity and quality of ecosystem services affect the cost of 

production of final goods, supply and demand for the final good, and supply and 

demand for other inputs (Gradinaru, 2013). For example, water quality affects the 

production of agricultural crops, or the costs of treating municipal drinking water. The 

economic benefits of improved water quality can be measured by increased revenue 
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from increased agricultural production, or the decreased costs of treating drinking 

water supply. This method can be effective because it is straightforward, relevant data 

may be readily available, and it can be relatively inexpensive to apply. However, the 

productivity method is limited to valuing resources that are inputs in the production of 

marketed goods. Further, since not all services are related to the production of 

marketed goods, the inferred value of the ecosystem may underrepresent its true value. 

Finally, relationships between actions to improve quality and quantity of the service 

and the actual outcome of those actions may not be well known or understood (King & 

Mazzotta, 2000). 

Hedonic Pricing Method 

The hedonic pricing method is used to determine the value of ecosystem services that 

directly affect market prices in the housing market. It is most commonly used in 

relation to variations in housing prices that are influences by local environmental 

attributes (King & Mazzotta, 2000). If we think about a property as a bundle of 

characteristics, then a decrease in the desired characteristics will lower the value of the 

property and thus will negatively affect its price. When someone buys a property, he 

or she also buys the environmental goods or services associated with it. Therefore, a 

reduction of the environmental goods or services degrades the bundle of 

characteristics of the property and decreases its value. The hedonic pricing method 

uses this fact to estimate the economic benefits or costs associated with environmental 

quality, such as air pollution, water pollution, or noise pollution, and environmental 

amenities such as aesthetic views or proximity to recreational sites (Mishra, 2006). If 

non-environmental factors are controlled for, then any remaining discrepancy in price 

can be linked to differences in environmental quality. For example, if neighborhoods 

throughout an area are the same, except for their distance to a nature preserve, then 

houses that are closer would cost more. This higher price illustrates the value of access 

to nature to people who buy houses in the area. To apply this method, researchers first 

create a measure or index of ecosystem services. Next, data on property values and 

household characteristics for an area that includes homes with different levels of 

environmental quality or different distances to amenities such as open space or 

coastline is collected (Ma, 2010). A main advantage of the hedonic pricing method is 

that it can be used to estimate values based on actual choices. Also, property records 

are usually reliable and property markets are generally efficient in responding to 

change. Lastly, this method can be used to consider multiple interactions between 

market goods and environmental quality. However, a main limitation is that the scope 

of benefits that can be measured is restricted to services related to housing prices. This 

method may also be influenced by outside influences like taxes or interest rates. 

Finally, hedonic pricing requires a high degree of statistical expertise, depends on 

model specification, and requires large amounts of data to be gathered and 

manipulated (King & Mazzotta, 2000).  
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Travel Cost Method 

The travel cost method is used to determine the demand for nature-based recreation 

and estimate the economic value of associated natural resources. This type of revealed 

preference method is based on visitors’ recreation behavior and preferences regarding 

their visits, travel cost, time, and natural resource settings. Since visitors must travel to 

a site with preferred natural resources and associated ecosystem services to gain 

beneficial recreation experiences, their travel behavior can reveal information about 

nature-based recreation demand. This information can then be used to estimate the 

economic value of nature-based recreation, which represents the indirect degree of 

consumer surplus. This method is based on the notion that the frequency of visits to a 

recreation site decreases as the travel distance increases. The recreation trip demand is 

determined by travel costs, the price variable, and other site characteristics and 

socioeconomic factors (Shrestha et al., 2006). This can be used to infer economic costs 

or benefits from instances such as changes in access cost for a recreation site, the 

elimination of an existing recreation site, addition of a new recreation site, and 

changes in environmental quality at a recreation site. The time and travel cost 

expenses that people acquire to visit a site reflect the “price” of access to the site. 

Thus, visitors’ WTP to visit the site can be estimated based on the number of trips they 

make at different travel costs (King & Mazzotta, 2000). One advantage of this method 

is that it is based on actual behavior rather than stated preference. Another advantage 

is that the travel cost method is relatively inexpensive and easy to interpret, and on-site 

surveys provide opportunities for large sample sizes since visitors tend to be interested 

in participation. However, a looming issue with this method is that it assumes 

individuals take a trip for a single purpose- a recreational visit. Thus, if a trip has more 

than one purpose the value of the site may be overestimated. Also, travel time can be 

enjoyable and therefore be a benefit and not a cost. Further, those who live nearby 

may have low travel costs but high value for the site. Finally, interviewing visitors on-

site can introduce sampling bias (King & Mazzotta, 2000).  

Damage Cost Avoided, Replacement Cost, and Substitute Cost Methods 

These methods, all similar in application, determine the values of ecosystem services 

based on either the costs of avoiding damages due to lost services, the cost of 

replacing ecosystem services, or the cost of providing substitute services. The 

assumption is that the costs of avoiding damages or replacing ecosystems or their 

services provide accurate estimates of the value of these ecosystems or services. The 

basic premise of these methods is that if people acquire costs to avoid damages as a 

result of lost ecosystem services, or to replace those services then those services must 

be worth at least what people paid to replace them (King & Mazzotta, 2000). For 

example, using these methods to value an ecosystem that naturally provides clean 

drinking water could be determined by estimating the cost of building a water 

treatment facility that would provide the same quantity and quality of water. These 
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methods can be both valid and effective if three conditions are met, according to the 

U.S. EPA Science Advisory Board (SAB), 2009: 

1. The human-engineered system provides services of equivalent quality and 

magnitude. 

2. The human-engineered system is the least costly alternative. 

3. Individuals in aggregate would be willing to incur these costs rather than 

forego the service. 

If these conditions are not met, the methods are invalid. Even when these conditions 

are met, these methods only address the value of having a means to produce the 

service via an ecosystem rather than the value of the ecosystem service itself. Further, 

the loss of an ecosystem service does not automatically mean that individuals would 

be WTP for the least costly alternative, and the cost to replace one service may not 

reflect all services impacted. Finally, if the value of the service does not exceed the 

cost of alternative means of providing the service, these methods are invalid (EPA 

SAB, 2009).  

Contingent Valuation Method 

The contingent valuation method is widely used for valuing ecosystem services which 

do not have a market price. This method is usually used to determine the benefits of a 

change in the level of quality of a public good. It can be used to estimate both use and 

non-use economic values and is the most common method for estimating non-use 

values (Mavsar, 2004). The application of this method involves directly asking 

individuals, in a survey, how much they would be WTP for ecosystem services. This 

method is called “contingent” valuation because individuals are asked to state their 

WTP, contingent on a specific hypothetical scenario and description of the ecosystem 

service. The contingent valuation method is also known as the stated preference 

method because it asks individuals to directly state their values, rather than inferring 

them from actual situations. This method is exciting because it is one of the few 

methods that can assign dollar values to non-use values of ecosystem services (King 

and Mazzotta, 2000). There are other instances in which individuals are asked the 

amount of compensation that they would be willing to accept (WTA) to give up an 

ecosystem service. In practice, the ecosystem service being valued needs to be 

determined. Afterwards, decisions about the survey itself are made, such as mode of 

delivery, sample size, and target respondents. Survey method and sample size often 

depend on the research budget while the choice of respondents depend on use versus 

non-use values and characteristics of the ecosystem service in question. According to 

Sagoff, 2008, a contingent valuation survey should include:  

1. A detailed description of a good service being valued and the hypothetical 

change regarding the good or service. 
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2. Questions about willingness to pay for a good or service being valued. 

3. Questions about respondents’ characteristics (age, income, education, etc.) and 

preferably also their preferences regarding the good or service. 

(Sagoff, 2008) 

Despite being widely-used for ecosystem service valuation, a number of potential 

sampling biases is reason for concern. When respondents are asked about WTP 

hypothetically, they often give higher amounts then they would actually pay in a real 

situation. Also, respondents may give different WTP amounts depending on the form 

of payment (voluntary donation versus higher tax). Additionally, a starting value for 

the service, such as $5, may be above the respondent’s actual WTP, and thus will 

increase the stated WTP. Conversely, a starting value below the respondent’s actual 

WTP will decrease the stated WTP. Finally, non-response bias can be a limitation 

because individuals who do not participate in the survey are likely to have different 

values than those who take part (Sagoff, 2008).  

Benefit Transfer Method 

The benefit transfer method uses research results from already-completed studies at 

other sites or policy contexts to predict WTP or other preferences for other unstudied 

sites or policy contexts. This method has also been described as the application of 

values and other information from a “study” site where data are collected to a “policy” 

site with little or no data. Benefit transfer can also be used to predict quantities such as 

site visits, commodity demand, or the size of affected populations. This method is 

often used when time, funding, available data, or other constraints prevent an original 

determination of value. As a result, benefit transfer has become a central mechanism 

for large-scale benefit-cost analyses (Johnston et al., 2015). To implement this 

method, researchers must be sure that the ecosystem service being valued is 

comparable to the service valued in existing studies, and that the characteristics of the 

relevant population are comparable. Researchers should also evaluate the quality of 

the studies they will be transferring information from and check the context of the 

initial value assessment due to spatial and temporal variability in perceived supply and 

demand for different ecosystem services. Although the benefit transfer method is 

resource-efficient and has been thoroughly used, there is a discrepancy between 

transfer techniques recommended by scholarly literature and those commonly used in 

policy analysis. It is also difficult to find suitable studies to use and value estimates 

can quickly become dated (King & Mazzotta, 2000; Johnston et al., 2015).  

Contingent Choice Method 

Although similar, contingent valuation and contingent choice methods differ 

significantly. In the contingent choice method, respondents are not asked to state 

values in monetary terms. In contingent choice, respondents are asked to choose 
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among, rank, or rank several alternative hypothetical scenarios. Since contingent 

choice surveys present respondents with a variety of different scenarios in various 

ways, researchers can examine the independent effects of many attributes of those 

scenarios and alternative combinations can be explored (Turner, 2013). There are three 

main techniques within the contingent choice method: contingent ranking, discrete 

choice, and paired rating. Contingent ranking surveys ask respondents to compare and 

rank different ecosystem scenarios with various attributes, including cost. In discrete 

choice, respondents are shown two or more different scenarios and their attributes at 

the same time, and asked to select their most preferred choice. In the paired rating 

technique, respondents are asked to compare two alternative situations and are asked 

to rate them in terms of strength of preference (King and Mazzotta, 2000). A main 

advantage of the contingent choice method is that respondents are not explicitly asked 

to determine monetary valuations for services that are usually thought of in 

nonmonetary terms, thus reducing certain biases (Turner, 2013). Another advantage is 

that this method can be used to value the outcomes of an action as a whole, as well as 

smaller attributes of the action. Finally, contingent choice allows respondents to value 

in terms of tradeoffs, which may be less complex than directly assigning dollar values. 

However, contingent choice surveys often face many of the same survey biases as the 

contingent valuation method. Additionally, respondents may be pressured into choices 

based on a limited number of alternatives. Lastly, the validity and reliability of this 

method has not been tested to the same extent as contingent valuation (King & 

Mazzotta, 2000).  
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Appendix D: Survey Invitation Postcard 
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Appendix E: Survey 
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Table 4. ANOVA statistics comparing the average value of ecosystem services 

Table 5. Post Hoc statistics comparing the average value of ecosystem services 

Appendix F: Supporting Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatments 

 

Swimming  

 

Flood 

Control 

 

Drinking 

Water 

 

Wildlife 

Habitat 

 

Total 

N 83 83 83 83 332 

∑X 140 181.5 255.5 253 830 

Mean 1.69 2.19 3.08 3.05 2.5 

∑X2 340.5 461.75 888.75 915.5 2606.5 

Standard 

Deviation 

1.13 .89 1.12 1.33 1.2672 

Source  SS DF MS   

Between-

treatments 

115.74 3 38.58   

Within-

treatments 

415.76 328 1.27   

Total 531.5 331    

F 30.44     

P-value 

 

 

 

<.00001  

 

 

 

   

Treatments Pair Tukey HSD  

Q statistic 

P-

value 

Swimming vs Flood Control 4.05 .023 

Swimming vs Drinking Water 11.26 .001 

Swimming vs Wildlife Habitat 11.02 .001 

Flood Control vs Drinking Water 7.21 .001 

Flood Control vs Wildlife Habitat 6.97 .001 

Drinking Water vs Wildlife Habitat .24 .9 
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Table 7. Stepwise regression model of the flood control ecosystem service 
 

Source DF Adjusted 

SS 

Adjusted 

MS 

F-Value P-Value 

Regression   4 8.399 2.0997 2.9 0.027 

Prior 

Knowledge   4 8.399 2.0997 2.9 0.027 

Error   78 56.457 0.7238       

Total   82 64.855          

      

S R-squared 

R-squared 

(adjusted) 

R-squared 

(predicted)   

0.850766 12.95%     8.49%     0.41%   

      

Term Coefficient 

SE 

Coefficient  T-Value P-Value VIF 
Constant      2.409 0.257 9.39       0    

Prior 

Knowledge                

      

Little    -0.1 0.317 -0.31   0.754 2.17 

Some    -0.263 0.289 -0.91   0.366 2.39 

Extensive_1    0.091 0.432 0.21   0.834 1.43 

Extensive_2    -1.534 0.497 -3.09   0.003 1.3 

 

Table 8. Stepwise regression model of the wildlife habitat ecosystem service 

Source DF Adjusted 

SS 

Adjusted 

MS 

F-

Value 

P-

Value 

Regression   4 19.10 4.775 2.97 0.024 

Prior Knowledge   4 19.10 4.775 2.97 0.024 

Error   78 125.21 1.605       

Total   82 144.31          

     

S R-squared 

R-squared 

(adjusted) 

R-squared 

(predicted)   

1.26697 13.24%     8.79%     0.00%   

      

Term Coefficient 

SE 

Coefficient  T-Value 

P-

Value VIF 

Constant    2.727 0.382 7.14       0    

Prior Knowledge                

Little    0.177 0.472 0.38   0.708 2.17 

Some    0.309 0.430 0.72   0.474 2.39 

Extensive_1    0.106 0.643 0.16   0.869 1.43 

Extensive_2    2.398 0.740 3.24   0.002 1.3 
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Table 9. Stepwise regression model of average environmental score 

 

  

 

Source DF Adjusted 

SS 

Adjusted 

MS 

F-Value P-Value 

Regression   11 16.475 1.4977 6.44 0 

Distance to 

Conserved   1 1.964 1.9638 8.45 0.129 

Childhood 

Community         2 2.544 1.2721 5.47 0.006 

Error   71 125.21 0.2325       

Total   82 32.983          

S R-squared 

R-squared 

(adjusted) 

R-squared 

(predicted)   

0.482196 49.95%     42.19%     *   

Term Coefficient 

SE 

Coefficient  T-Value P-Value VIF 

Constant      0.490 0.751 0.65   0.517    

Distance to 

Conserved 

     -

0.000297       0.000102  -2.91     0.129  1.13   

Childhood 

Community     

Suburban      0.329   0.132   2.50    0.015 1.48 

Rural      -0.128   0.187   -0.69    0.495 1.55 
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Appendix G: Supporting Maps 
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Figure 11. Map of the study area. 
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Figure 12. Map of calculated distance of respondents’ home addresses to 

water bodies, including lakes, rivers, ponds, and streams. 
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Figure 13. Map of calculated distance of respondents’ home addresses to 

flood zones according to the U.S. Federal Emergency Management 

Agency (FEMA).  



83 
 

Figure 14. Map of calculated distance of respondents’ home addresses to 

conserved of lands. 
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