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ABSTRACT 

MEASURING STAKEHOLDER VALUE OF THE FOREST ECOSYSTEM SERVICE OF 
PROVIDING DRINKING WATER 

 
By 

Emily Huizenga 

 Billions of people around the world rely on forest land to filter and provide clean 

drinking water. The high value that people place in drinking water can be a strong rationale for 

conserving and sustainably managing forests, however, people are often unaware of this forest 

ecosystem service of providing clean drinking water (FESDWQ). Understanding the value that 

stakeholders place in the FESDWQ is critical to informed and strategic conservation actions. A 

mixed-methods approach rooted in value-belief-norm theory and using social network analysis 

was employed measuring the value stakeholders place in the FESDWQ in three watersheds in 

Michigan. This research assessed 1) how stakeholders value the link between forests and 

drinking water, 2) the social network of stakeholders impacted by the FESDWQ, 3) the value of 

the FESDWQ as influenced by stakeholder interactions, and 4) the potential support for 

watershed management programs that utilize this FESDWQ. 

 Semi-structured interviews of individuals from a diverse array of stakeholder categories 

were conducted. Results show that stakeholders place the most value in water quality as a forest 

ecosystem service over other forest benefits, but this value does not transfer to the FESDWQ. 

Regulating over provisioning ecosystem services of water quality was prioritized in each 

watershed. No stakeholder groups engage in any projects that explicitly address forests and 

drinking water. Industry and policy makers have a large influence on the functioning of the 

FESDWQ, and non-profit groups are the best positioned to influence conservation strategies that 

include the FESDWQ. 
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CHAPTER I: INTRODUCTION 

1.0 Forests and Drinking Water 

 Over 4.6 billion people rely on forests to provide their supply of clean water, but 

deforestation and forest habitat fragmentation contribute to the degradation of drinking water 

quality (Millennium Ecosystem Assessment 2005). Prior research demonstrates a critical link 

between forested land and the provision, filtration, and regulation of clean water (Anderson et al. 

1976; Ellison et al. 2017; Neary et al. 2009). While current research stresses that the link 

between changes in forest cover and treatment costs is not always direct, there are some 

examples of this link in literature. According to a survey of 27 water suppliers in the US, heavily 

forested watersheds can halve drinking water treatment costs compared to less forested 

watersheds (Ernst et al. 2004; Postel and Thompson 2005). In a survey of 37 drinking water 

treatment plants, a 1% increase of forest cover in a watershed reduces turbidity by 3%, and a 1% 

increase in turbidity in a watershed increases water treatment costs by 0.19% (Warziniack et al. 

2017). Urban areas provide the clearest example of the importance of forests providing drinking 

water. In fact, one-third of the world’s major cities get a large proportion of their water supply 

from protected forest areas. These cities rely on the forest function of filtration to provide 

drinking water that requires little treatment (Calder 2007; Dudley and Stolton 2003) (See Table 

1). In the U.S., two-thirds of the clean water supply comes from stream surface water that filters 

through forests (National Research Council 2005). 

  The forest provision of quality drinking water is an example of an ecosystem 

service (ES). The Millennium Ecosystem Assessment (MEA), a report issued by the 

United Nations in 2005, defines ESs as, 
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“The benefits people obtain from ecosystems. These include provisioning services 

such as food, water, timber, and fiber; regulating services that affect climate, 

floods, disease, wastes, and water quality; cultural services that provide 

recreational, aesthetic, and spiritual benefits; and supporting services such as soil 

formation, photosynthesis, and nutrient cycling” (MEA 2005: pp v).  

The link between forests and water is considered both a provisioning and regulating forest 

ecosystem service (FES). Drinking water as an end product of the biophysical processes and 

functionality of forests is a provisioning FES. Forests also have many regulating services that are 

connected to water: Forests regulate the flow of water (e.g., slowing down the rate water flows 

into streams by trapping rainwater and facilitating soil formation that slows down water flow), 

prevent soil erosion with their roots which would otherwise lead to degraded water quality, filter 

wastewater by trapping pollution as it filters through forest soils, remove bioavailable 

contaminants from soils by incorporating them into their tissues (i.e., phytoremediation), and 

trees will transport water into groundwater through root networks when water is abundant (i.e., 

infiltration and hydraulic redistribution) and will draw up water from groundwater when water is 

scarce (i.e., hydraulic lift)  (Bharati et al. 2002; Ellison et al. 2017). The FES of focus in this 

research is the Forest Ecosystem Service of providing Drinking Water Quality (FESDWQ). The 

regulating FESs (regulation, filtration, and infiltration) are closely connected to the FESDWQ, 

however, this thesis focuses on the FESDWQ as a provisioning ecosystem service over that of a 

regulating service.  
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Table 1: Examples of cities worldwide sourcing their drinking water supply from forest 
land. 

City Program/Water Source 

Tokyo, Japan Protects forest land in source water at Tama River 

Sydney, Australia Protects forested buffer zone around drinking reservoirs 

New York, U.S. Protects source water in Catskill forests instead of expensive treatment in the city 

San Francisco, U.S. 85% of the city’s water supply comes from the forested Hetch-Hetchy Watershed 

Seattle, U.S. Unfiltered water taken directly from forested Cedar River 

Manilla, Philippines Five water districts get their water from the Mount Makiling Forest Reserve 

 

1.1 The Challenge 

Given the importance of the FESDWQ, it is necessary to understand stakeholder 

perceptions and values because a person’s perception (or lack of perception) and values toward 

an ES affects choices they may make about managing and conserving that ES (Meyfroidt et al. 

2014). In ES research an important first step is to value the ES to inform resource allocation, 

policy, and management. Value here refers to the worth of something generated by the mental 

process of a stakeholder or stakeholder group. This mental process of valuing something 

“involves the assessment of situations, comparing it to some reference value and making 

decisions on whether to act or refrain from action” (Costanza et al. 2017; pp 8). In this thesis, 

stakeholders refer to any individual or group that is affected by the FESDWQ (or perceives that 

they are affected) or who affect the FESDWQ directly and/or indirectly (European Commission 

2003). Traditionally, valuing ESs is done with economic methodologies determining revealed 

preferences when possible (e.g. valuing the recreation service of a lake by determining how 

much people pay to visit the lake) or stated preferences when the ES is a passive use value (e.g. 
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willingness-to-pay, contingent valuation, etc.). However, a critique of economic methods in 

valuing ESs is that these services are not always translatable to monetary terms, and some value 

may be lost in the commodification process (Costanza et al. 2017). Arrow et al. (1996) warn that 

researchers must be aware of tradeoffs when quantifying ES, for “care should be taken to assure 

that quantitative factors do not dominate important qualitative factors in decision-making” 

(Arrow et al. 1996, pp 222).  

There are few examples in literature exploring the value stakeholders place in the 

FESDWQ. Meyer and Schulz (2017) find that stakeholders in the urban forest of Augsburg, 

Germany valued recreation highest closely followed by drinking water when scoring FESs. More 

than 80% of this forest is designated as a drinking water protection area, so the FESDWQ is 

already spatially relevant to stakeholders (Meyer and Schulz 2017). Not surprisingly, research 

finds that people place a high value in water quality (Keeler et al. 2012), and across the globe 

there is a high willingness-to-pay for clean drinking water and for infrastructure that provides 

this water (Olmstead 2009).  However, the forest provision of drinking water is not considered in 

this high value placed in drinking water: In the US, the value of drinking water is quantified by 

water utility bills. Utility bills (except for New York City and some other forest-to-drinking 

water program examples) address treatment and transportation costs, but do not include the cost 

of the water itself, the costs of sustaining the source forest areas, and consumers’ concern with 

source water protection. Essentially, the forest provision of “clean and abundant water is passed 

on to water consumers free of charge” (Todd & Weidner 2010, p. 11).  

Rising awareness of the ES concept has led to the incorporation of ESs into 

environmental management and decision-making across the globe. In the US, the FESDWQ has 

been incorporated into management strategy documents (e.g. United States Forest Service 



 
5 

 

strategic plan) (Small & Lewis 2009). Researchers, Public Water Systems (PWS) and water 

works associations have collaborated to find this value of source water protection (SWP) on 

PWS (Abildtrup et al. 2013; Gorzalski et al. 2019; Price et al. 2018). However, additional 

research is needed to contextually understand the FESDWQ in different geographic scales (e.g. 

large verses small PWS) and under complicated hydrological regimes (Price et al. 2018). 

Understanding the value of the FESDWQ by quantifying the direct cost relief to drinking water 

treatment plants from forest functions is an example of revealed preferences valuation. While 

these kinds of valuations are important and necessary, they may incorporate only the value held 

by economists over the value of those of the affected individuals (i.e. stakeholders) (Arrow et al. 

1996). If stakeholders do not value the FESDWQ, the quality and flow of the service may 

deteriorate and support for policy and regulation may be lacking  (Aguilar et al. 2018; Arriagada 

& Perrings 2009).  

Stakeholders place a high value in drinking water generally, so there is potential to 

leverage this value to increase forest conservation or even payment for ecosystem services (PES) 

programs that incorporate the FESDWQ. There is also an emerging priority for incorporating 

adaptive management or innovative solutions to drinking and wastewater service issues across 

the US (Bartlett et al. 2017). It could take $1 trillion dollars over the next 25 years to update and 

replace failing water infrastructure across the nation (AWWA 2012). Emerging contaminants 

(e.g. lead in Flint, MI; PFAS) will stress these water systems further, compromising the water 

systems’ ability to provide safe drinking water to its customers, and will become more frequent 

and difficult to address in the coming years (Bartlett et al. 2017). While people in the US place a 

high value in drinking water, they may not have the ability to pay for that service; US water 

unaffordability could increase by 12-36% for households over the next five years (Mack and 
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Wrase 2017). While addressing these issues will take a concerted effort of a diverse array of 

stakeholders, water systems could benefit from adaptive strategies, innovative solutions, and 

natural solutions like SWP and PES programs that incorporate the FESDWQ. To ensure the 

success of a system that institutionalizes FESDWQ, the value that stakeholders place in this 

service must be understood. 

1.2 Research Objectives and Questions 

The first research goal was to determine the value stakeholders place on the FESDWQ. The 

specific objectives were to 1) determine how stakeholder value for the FESDWQ compares to 

other FESs, 2) understand what stakeholder values and perceptions exist concerning the 

FESDWQ, and 3) determine if these values activate behaviors that affect the FESDWQ. The 

second research goal was to determine how stakeholder value in the FESDWQ is affected by 

interactional processes between stakeholder groups. The specific objectives were to 1) 

characterize the social networks of these stakeholders by determining the structure of the social 

networks, the roles that stakeholders have in their network, and the flows of resources and 

information within these networks and 2) investigate stakeholder value of the FESDWQ by 

exploring how stakeholder groups impact the FESDWQ, and 3) determine whether the 

interactions between the different stakeholders influenced the value the stakeholders place in the 

FESDWQ. 

1.3 Epistemological Framework 

 The definition of an ES inherently includes the interaction between human systems and 

the environment. Nature and humanity are not separate spheres but are irrevocably connected as 

a complex and comprehensive whole. While natural sciences tend to treat nature and humanity as 

distinct spheres, in ES and natural resource literature, there cannot be one without the other. 
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Historically, social science traditions have treated human systems and natural systems as 

separate in what Catton and Dunlap (1978) described as the Human Exceptionalism Paradigm 

(HEP). This anthropocentric view is based in Western cultural themes of the doctrine of progress 

and humanistic optimism. Catton and Dunlap viewed human systems and natural systems as 

linked and therefore claimed the HEP inadequate in describing social phenomenon, so they 

proposed the New Environmental Paradigm (NEP) as a more comprehensive framework for 

sociological inquiry. The NEP designates human beings as one species among many, human 

actions as linked in complex feedback loops with nature, and nature as finite and therefore 

constraining human systems. While this did not lead to a paradigm shift in sociology in the 

Kuhnian sense, or a fundamental change in the methodology of sociologists (Kuhn 1962), the 

NEP has loosened the social sciences to include an environmental understanding. With the 

acknowledgment of environmental sociology and an ecosystem-centric anthropology, the social 

sciences recognize that humans do not reside in a vacuum but change and are changed by their 

natural environment (Catton et al. 1978; Freudenburg, William et al.1995; Greider and 

Garkovich 1994; Mol 2006; Vayda and Walters 1999). 

 Valuing ESs is rooted in neoclassical economic methodologies nested in the 

epistemology of logical positivism (Van Hecken and Bastiaensen 2010). In the two decades since 

ESs emerged as a critical aspect of functioning global economies in Costanza’s 1997 Nature 

article (Costanza et al. 1997), ES research has relied on economic values of ESs. For example, 

the theory behind a PES program incorporating the FESDWQ internalizes positive externalities, 

or the positive consequences of forest ecosystems providing clean and abundant water, into a 

more comprehensive environmental market. Commodifying the non-market value of the ES 

becomes the way to measure this value and include it into conservation mechanisms. This 
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commodification often takes the form of a quantitative research process that elucidates stated 

preferences of stakeholders in a contingent valuation experiment in willingness-to-pay for the ES 

(Aguilar et al. 2018; Olmstead 2009; Roesch-McNally and Rabotyagov 2016). 

 Commodification of an ES can be an important step in determining ES value, but solely 

monetizing an ES can lead to a myopic translation of value (Martín-López et al. 2012; Olander et 

al. 2017). Economic valuation is only one aspect of measuring the worth of an ES. For example, 

Costanza et al. (2017) mention that valuation can also refer to generic appreciation for an ES, 

intrinsic or existence value of an ES, cultural value of an ES, or co-created value based in 

community or societal preferences for that ES (Costanza et al. 2017). Economic valuations of 

ESs fail to address the complexities of the valuation process of stakeholders. The theory of 

“social constructivism,” or that reality is socially constructed and a product of the human mind 

and interactions between individuals (Malekian et al. 2017), can more adequately define 

stakeholders’ perceptions of ES value. Kumar et al. (2008) illustrate this point perfectly when 

they call on researchers of ESs to engage in “qualitative research methodologies informed by 

social constructionism” in order to comprehensively measure the value that humanity places in 

ESs. In this research, a qualitative social constructionist approach, as opposed to a quantitative 

positivistic economic approach, was employed to investigate the creation of value of the 

FESDWQ. 

1.4 Study Area 

Michigan, U.S.A., is abundant in forest and water resources and thus is an ideal location to 

implement research of the FESDWQ. The state is covered by 20.3 million acres of forest (56% 

of total state area), is bordered by four of the Great Lakes and contains 46,000 inland lakes and 

76,439 river and stream miles (MDEQ 2017; Pugh et al. 2016). There is a net increase of forest 
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land annually: The rate of reforestation outpaces the rate of deforestation by harvesting or 

conversion (MDNR 2010). However, the structure of these transforming and emerging forests 

may impact forest health and function. Many of these forests are highly fragmented, developed, 

and dissected by impervious surfaces (MDNR 2010). Michigan policy makers and government 

officials have begun to operationalize the sustainable management of forests for the protection of 

water resources, including drinking water quality (OGL 2017). Over 75% of Michigan resident 

drinking water comes from surface water while the other 25% comes from groundwater (MDEQ 

2004). Michiganders largely rely on natural filtration systems (e.g., forests and wetlands) to 

provide for their drinking water quality, but the extent of this reliance is not explicitly measured, 

and the public is usually unaware of this forest ecosystem service (MDNR 2010), however, 

Michigan residents are aware of drinking water quality issues because of many contamination 

events (e.g. PFAS, lead, PCBs, etc.).  

1.4.1 Case-Study Approach 

Figure 1: Map of the three Michigan watersheds studied and their land cover percentages. 
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Table 2: Social demographic data for each watershed.  

 Watershed 

Demographic* DET LGR AS 

Population 2,434,337 767,261 72,065 

Median Age 37.8 37 50.8 

% under 5 6.10% 7.10% 4.80% 

% over 65 13.10% 11.90% 22.40% 

% Black 32.90% 5.00% 0.70% 

% Native American 1.00% 1.10% 1.50% 

% Asian 4.60% 1.50% 0.50% 

% Hispanic 4.80% 6.00% 1.30% 

% White 59.00% 91.40% 98.40% 

Household Size (mean) 2.4 2.7 2.2 

Housing Units 1,095,103 312,765 59,652 

% Vacant Housing Units 12.10% 10.00% 47.40% 

Median Income $52,203  $51,049  $38,923  

% 4+ year degree 16.40% 18.40% 9.80% 

% Language not English 2.20% 2.20% 8.10% 

% Unemployed 8.80% 6.70% 7.30% 

% Public Assistance 4.20% 5.10% 3.60% 

% Households Poverty 8.80% 7.20% 7.60% 
* Summarized from the American Community Survey and 
Census Data. 

  

 A multiple case-study approach to develop an in-depth analysis of stakeholder 

perceptions, values, and networks connected to the link between forests and drinking water  

 quality was implemented in three watersheds in Michigan’s Lower Peninsula. The purpose of 

the case-study was to describe the stakeholder value constructions of the FESDWQ. A case study 

approach is the ideal study design because the views of stakeholders are crucial for valuing an 

ES, and those stakeholder perceptions are rooted in an in-depth understanding of contextual 

knowledge and geographic scale (Creswell 2013; Hauck et al. 2013). Three cases were chosen 

because literature suggests that too many cases can dilute the level of detail a researcher can 

describe, but three cases still gives enough options for cross-case comparisons of themes 

(Wolcott 2008). A critique of case-study design is that because it is highly case-specific, results 
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from this type of research are not generalizable. However, specificity is a strength here because 

the benefits of the FESDWQ are locally contextualized and so is the corresponding value that 

stakeholders place in this value (Redford and Adams 2009). Additionally, “the force of example” 

or the detail of a contextually specific case is equally important to scientific development as 

generalizability (Flyvbjerg 2006). A qualitative case-study approach taps into the specificity of 

stakeholder value that may be overlooked in general quantitative methods.  

 To generalize the results of this research to inform potential conservation programs for 

the entire state of Michigan, three cases were chosen in the geographical extent of three 

Hydrological Unit Code-8 (HUC-8) watersheds. These watersheds are the Detroit River 

Watershed (DET) in the southeast, the Lower Grand River Watershed (LGR) in the west, and the 

Au Sable River Watershed (AS) in the northeast. The variances between watersheds also give an 

opportunity to evaluate how those differences may impact themes. These watersheds were 

chosen because of their varying degrees of urban to forested land cover: DET is highly 

urbanized; LGR has a mixture of urbanized, forested, and agriculture; and AS is highly forested 

(see Figure 1). The four watersheds also have varying populations: DET is the most densely 

populated, followed by the LGR, and AS (see Table 2). All these watersheds contain populations 

that directly obtain their drinking water from surface water that filters through forests in their 

watershed, but also from personal or municipal wells that contains groundwater from land that 

filters through forests. 

1.4.2 Au Sable River Watershed  

 The AS covers an area of 5,306 km2 including parts of Otsego, Montmorency, Crawford, 

Oscoda, Alcona, Roscommon, Ogemaw, and Iosco counties in the Northern Lower Peninsula of 

Michigan. The AS basin is around 90 miles long and 10 to 30 miles wide dropping 650 feet from 
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its point of origin in northwest Crawford County to its mouth at Lake Huron near the town of 

Oscoda (DNR 2002). Part of the main stem of the Au Sable River (23 miles from Mio Pond to 

Alcona) was designated as a “Wild and Scenic River” in 1984 which was a law passed by 

Congress in 1968 to “preserve certain rivers with outstanding natural, cultural, and recreational 

values in a free-flowing condition for the enjoyment of present and future generations” (Wild & 

Scenic Rivers Act 1968). The AS was also designated as a natural river through “Michigan’s 

Natural Rivers Act” in 1987 which is a law that contains stricter regulations for property owners 

along the river (Isely et al. 2007). The AS is known for its pristine waters that provide the “finest 

fly-fishing east of the Rockies” and camping and canoeing opportunities that are some of the 

“best in the Midwest” (USFWS n.d.). Historically, the AS was home to the Ottawa and Ojibwa 

tribes and is currently under the tribal service area of the Little Traverse Bay Bands of Odawa 

Indians (Huron Pines 2001; MDHHS 2016). In the 19th century, extensive logging resulted in 

clear-cut land that was unsuccessfully farmed and eventually reverted to forest by the end of the 

19th century (Huron Pines 2001). Currently, the AS is mainly rural (Appendix A.1) with a 

relatively low average population density of approximately 14 people per square kilometer (US 

Census 2010). The watershed, like many other Michigan tourist destinations, experiences 

developmental pressures from recreational opportunities and a rising seasonal homeowner 

population, both of which impact forest and water resources (MDNR 2010; Huron Pines 2001; 

Zorn and Sendek 2001).  

1.3.3 Lower Grand River Watershed  

 The LGR covers an area of 5,236 km2 including parts of Barry, Eaton, Ionia, Kent, 

Montcalm, Muskegon, Ottawa, Allegan, Mecosta, and Newaygo counties in western Michigan. 

The main branch of the Lower Grand River is 51 miles long and the LGR includes a total of 31 
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subwatersheds. The river drops 209 feet from its eastern edge in Ionia County at the confluence 

of the Looking Glass River and the Grand River to its mouth at Lake Michigan near Grand 

Haven. The State designated the Rogue River and Flat River (both subwatersheds of the LGR) as 

“Natural Rivers” according to the “Michigan Natural Rivers Act” in 1973 and 1979 respectively 

(Isely et al. 2007). As of 2011, 11 subwatersheds of the LGR have EPA approved Total 

Maximum Daily Loads (TMDLs), or regulations of nutrient loading to address water bodies that 

are not attaining designated uses under the Clean Water Act (CWA) (LGROW 2011). 

Historically, the LGR was home to the Hopewell Indian Tribe and is currently included in parts 

of the tribal service areas of the Huron Potawatomi, Saginaw Chippewa, Gun Lake, and Little 

River Band of Ottawa Native American tribes (MDHHS 2016). Industrialization and frequent 

navigational use during the 19th century led to channelization and pollutant loading that degraded 

the quality of the watershed. Since the 1960’s, clean-up efforts and regulation from the CWA 

have greatly improved water quality (LGROW 2011). Currently, there is an average population 

density of 147 people per square km (US Census 2010) and the watershed is mostly agriculture 

with urban areas (e.g., Grand Rapids, Grand Haven) and forests scattered throughout (Appendix 

A.2). 

1.3.4 Detroit River Watershed  

 The DET covers an area of 2,298 km2 including parts of Oakland, Wayne, and 

Washtenaw counties in the eastern part of Michigan. The DET is mainly made up of the Rouge 

River Watershed (RR) which contains 17 of the 21 subwatersheds that make up the DET, and 

watershed units and management have mostly organized around the RR. The DET includes more 

subwatersheds that surround the Detroit River from Lake St. Clair to Lake Erie. In this study, the 

DET was chosen as the main designation for consistency with the HUC-8 watershed 
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categorization of the USDA (both LGR and AS are also HUC-8 watersheds), however, it is 

important to realize that the community identifies this area as the RR over the DET. The RR is 

126 miles in length and drains to the Detroit River (which eventually drains to Lake Erie). 

Historically, the DET region has been home to various Native American Tribes (majority of 

which being the Huron, Potawatomi, and Odawa), and many Native Americans are 

contemporary residents of the City of Detroit (Danziger 1991; Teasdale 2012). The DET is 

heavily populated and heavily industrialized (Appendix A.3) with an average population density 

of 1,059 people per square km (US Census 2010). The river itself is highly augmented and 

channelized like most urban rivers, and consequently, a major goal for governance in the area is 

to incorporate and maintain green infrastructure (GI) to address impervious surfaces and flashy 

flows (SEMCOG 2014). Because of a history of rapid industrialization in the 20th century, the 

RR has elevated contaminated sediment levels, decreased stream biodiversity, a flashy 

streamflow, and direct sewage discharge events (some communities have Combined Sewer 

Overflows) (Napieralski et al. 2015). In the past decades there have been many collaborations to 

clean up and restore the RR including an improved watershed management plan (ARC 2012). 
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CHAPTER II: STAKEHOLDER VALUES AND PERCEPTIONS OF FORESTS AND 
DRINKING WATER QUALITY 

 
2.0 Introduction 

 
2.0.1 Valuing Ecosystem Services 

Billions of people across the globe rely on forests to provide clean drinking water, yet 

threats to forests result in the degradation of drinking water quality (MEA 2005). General water 

quality is highly valued by the public (Keeler et al. 2012) and drinking water quality is valued 

even more highly: If one wants to get people to care about conservation, focusing on drinking 

water may be an important way of doing so (Granias et al. 2018; Olmstead 2009). Forests are 

critically important to preserving the provision of drinking water, but in the US, this service is 

not included in forest valuation (Todd and Weidner 2010). When an ecosystem service (ES) is 

not valued or understood, decision-makers have a difficult time establishing policies and 

management strategies that conserve that ecosystem. For example, forest managers may 

prioritize the goal of maximizing profits from tangible goods (e.g. timber) over an intangible 

forest ES (FES) (e.g. water provision), and so the quality and flow of these “intangible” services 

deteriorate (Arriagada and Perrings 2009; Obeng and Aguilar 2018; Roesch-McNally and 

Rabotyagov 2016).  

Much of ES literature focuses on valuation, or the worth of something generated by a 

mental process which may include assessing scenarios regarding the ES, comparing the ES to 

some reference value, or deciding whether to act or sustain from acting in a way that impacts the 

ES (Costanza et al. 2017). As the ES concept has gained traction in natural resource management 

across the globe and has been incorporated into transnational agreements (e.g. UN’s 

sustainability goals, the Intergovernmental Panel for Biodiversity and Ecosystem Services), the 

ES expert community have agreed upon several “musts” when it comes to valuing ESs. This 
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valuation must incorporate the spatial and temporal link of the ES to the community that depends 

on the service (Redford and Adams 2009). Value must be based in research that quantifies the 

biophysical characteristics within adequate temporal and spatial scales (Symstad et al. 2003). An 

ES valuation must conceptualize the interlocking nature of both the ecological and social aspects 

associated with the ES (Farley and Costanza 2010; Reed et al. 2017). Olander et al. (2018) define 

these important ecologic and social outcomes as “benefit-relevant indicators,” which are rooted 

in clearly understood measures of social value.  

Conservation efforts could be informed by valuing forest-based provision of drinking 

water, but this valuation must be highly contextualized. This means the social (i.e. historical, 

cultural, and political) and biophysical context must both be understood (Hauck et al. 2013). 

Value of the forest ecosystem service of providing quality drinking water (FESDWQ) is not 

simply created between upstream forest landowners and downstream water consumers but is co-

created by a multitude of stakeholders directly or indirectly involved in the FESDWQ (Matthies, 

Kalliokoski, et al. 2016). “Stakeholder” refers to “any relevant person, group or organization 

with an interest in the issue either because they will be affected by the [ES] or because they have 

influence, knowledge or experience with the [ES]” (European Commission 2003: pp 63). There 

are two important components of this definition: 1) stakeholders can be both active and passive, 

and 2) influence, knowledge and experience play an important role in stakeholder dynamics and 

in the link between stakeholder and ES (Stanghellini 2010). Stakeholders involved in the 

FESDWQ include 1) public or private forest landowners whose decisions about forest 

management affect the function of the FESDWQ, 2) industrial and commercial entities whose 

activities affect the function of the FESDWQ, 3) water utilities whose infrastructure treat and 

transport drinking water and wastewater, 4) policy makers and enforcers who create and enforce 



 
17 

 

laws that impact the FESDWQ, 5) non-profit/non-government organizations (NPOs) that are 

directly involved in projects that preserve/restore the FESDWQ, 6) local government whose 

initiatives may impact the FESDWQ and services to the community may influence behavior, and 

7) consumers who consume drinking water (see Figure 2). 

Decision-makers must understand the social preferences of multiple stakeholders 

concerning the ES in local contexts. When researchers and policy makers fail to incorporate the 

value of multiple stakeholders into decision-making and conservation programs regarding an ES, 

it can lead to conflict between stakeholder groups, inequity in ES distribution, and further 

degradation of the ES (Darvill and Lindo 2016).  

 

 

Figure 2: Stakeholder network diagram of stakeholders impacted by or impacting 
FESDWQ. Arrows between groups are multi-directional representing interactions between 
groups.  
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2.0.2 Research Objectives and Questions 

The central objective of this part of the research was to determine the value stakeholders 

place on the FESDWQ. In this research, the focus is on the FESDWQ as a provisioning service 

over that of a regulating service. The corresponding research questions are 1) how does value for 

the FESDWQ compare to other FESs?  and 2) what guiding principles and perceptions are 

present in these three watersheds surrounding forests and drinking water, and do these principles 

activate behaviors?  

2.1 Methods 

2.1.1 Methodological Framework 

 Stakeholder perceptions and values of an ES drive the decisions they make regarding that 

service (Meyfroidt et al. 2014). Valuing an ES by understanding people’s preferences or 

perceptions is called sociocultural valuation or the valuation of non-monetary ESs (Lapointe et 

al. 2019; Scholte et al. 2015). There are many social psychology environmental behavior theories 

that explain how perceptions impact environmentally-responsible behavior. Schwartz’s moral 

norm-activation theory of altruism states that because a healthy ecosystem is a public good, 

people will be altruistically motivated to care for it (Schwartz 1973, 1977). Knowledge that a 

service is a public good may motivate people to conserve an ES, however, having an awareness 

of this FES and its degradation does not necessarily lead to behavior that protects the service 

(Grese et al. 2000; Nisbet et al. 2009). Therefore, this research goes beyond a testing of 

knowledge that different stakeholders have about the FESDWQ. Common environmental 

behavior theories are the Theory of Planned Behavior (TPB) and value-belief-norm theory 

(VBN). In TPB, behavior is influenced by behavioral beliefs (beliefs in the likely consequences 

of actions), normative beliefs (beliefs about expectations of others), and control beliefs (beliefs 
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about factors that positively or negatively impact performance) (Ajzen 1991; Kaiser and 

Gutscher 2003). 

Researchers often use VBN and TPB in concert to study environmental issues (Genskow 

and Wood 2009; López-Mosquera and Sánchez 2012). VBN describes how “personal values 

[guiding principles] (especially altruistic values) …beliefs about general conditions in the 

biophysical environment, and personal norms for pro-environmental action” lead to 

environmentally friendly behavior (Stern 2000). Values activate norms which influence 

behavior, all while being mediated by beliefs (Steg and Vlek 2009). VBN is commonly used as a 

theoretical framework for understanding social dimensions of watershed and natural resource 

management and governance (Genskow and Wood 2009; Roobavannan et al. 2018), and is used 

in ES literature to elucidate the values that are placed in an ES and the preferences that 

individuals and stakeholder groups have for that ES (Aguilar et al. 2018; López-Mosquera and 

Sánchez 2012). This research is guided by the VBN/TPB framework and Constanza’s definition 

of value by elucidating stakeholder value and situating the FESDWQ within the context of 

overall FESs. 

2.1.2 Methods 

 A multiple case-study approach was employed in three watersheds in the state of 

Michigan to make qualitative comparisons based in varying land cover and population sizes (the 

less populated and heavily forested AS; the more populated agricultural, forested, and urban 

LGR; and the heavily urbanized DET). A total of 42 semi-structured interviews were conducted 

from June 2018 through January 2019 in the three watersheds targeting a sampling of 

stakeholders within seven stakeholder categories (see Table 3). A snowball sampling technique 

was used to identify key stakeholders from the seven stakeholder categories and detail theories 
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and themes (Cohen-Shacham et al. 2015). While researchers often explore local and regional 

stakeholder perception of ESs by using survey methods (Darvill and Lindo 2016), qualitative 

stakeholder interviews more richly describe stakeholder perceptions (Cohen-Shacham et al. 

2015).  

 To date, agriculture has been more fully represented in ES literature than forestry (Meyer 

and Schulz 2017). In Michigan, there is one study about farmers’ willingness to participate in a 

program that would pay them for agricultural land management that protects ESs (Ma et al. 

2012), but there are no studies that include stakeholder value of FESs. Because forestry is less 

represented in the ES concept and there are not examples of FESs valuation in Michigan, there is 

no literature foundation that supports the initial variables needed for effective quantitative 

valuation. Therefore, a qualitative exploratory method on valuation of the FESDWQ is 

preferable to provide the opportunity to contextually understand stakeholder perceptions.  

 A semi-structured interview approach allowed for more flexibility in following relevant 

themes during the interview process. All interviews were recorded and transcribed. Interview 

length varied from 0.5 to 2.5 hours. The data collected from these interviews were treated as 

“member’s meanings” or “situated knowledge” (Emerson et al. 2011; Harding 1993). In other 

words, the interviewee’s account was taken as an “expression of the speaker’s experience and 

Table 3: Interviews reached by category in each watershed. 

Watershed 

Stakeholder Category 

NPO 
Policy 
Maker 

Local 
Gov. 

Forest 
Landowner* 

Water 
Utility** 

Consumer Industry*** Total: 

AS 8 3 1 1 0 0   13 

LGRW 3 4 4 2 1 4   18 

DET 3 3 1 0 1 0   8 

Total: 14 10 6 3 2 4 3 42 
*Forest landowners in Detroit were not reached, however, county parks are a major landowner stakeholder and the 
local gov. category represents this here.  
**Water utilities represent stormwater and environmental services individuals at municipal and county level over 
water providers.  
***Industry interviewees represent the entire state of Michigan. 
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views at a particular moment in time before a specific audience that is intended to accomplish 

particular purposes” (Emerson et al. 2011, pp 140). During the data collection and analysis 

process, interviewees were treated as “socially situated” bringing with them their own biases and 

situated knowledges (Harding 1993). The researcher practiced reflexivity during the entire 

research process to ensure ethical practice and to be fully aware of the impact the interviews may 

have on the interviewees (Guillemin and Gillam 2004).  

Qualitative data analysis software (NVivo 12™) was used to code transcriptions. One 

individual was responsible for coding the transcripts. The reliability of that single coder was 

tested by performing two inter-rater reliability (IRR) tests during the beginning and end of the 

coding process. The first IRR found a percent agreement of 67% among five coders, and the 

second IRR found a percent agreement of 48%. After both IRRs, coding was reevaluated and 

edited according to the IRR disagreements to ensure overall code reliability. A combination of 

open coding and thematic coding was used. This allowed for coding based on themes from the 

epistemological framework of this research (social constructivism) and allowed for developing 

themes grounded in the systematic analyzation of the data using a grounded theory approach 

(Charmaz 2006). The semi-structured interview format naturally categorized answers to 

deductively analyze themes designed pre-data collection, and the semi-structured interview 

format also allowed for flexibility to inductively analyze themes from the raw interview data 

(Emerson et al. 2011). These themes came out of structured questions in the interviews based in 

sociohydrology literature using VBN and environmental behavior theories applied to the 

organizational scale (not the individual) (Roobavannan et al. 2018). Themes also came out of 

open coding of the interview data. 
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2.2 Results 

2.2.1 Forest Ecosystem Services 

 All interviewees were asked to list any FESs they could think of (explaining the term 

ecosystem service to them if needed). Knowledge of the ES concept varied throughout the 

stakeholder categories: NPOs and local government were aware of the term (with the exception 

of one member of a smaller NPO and one member of local government who needed further 

clarification), all other stakeholder categories varied between previous knowledge of ESs and 

quickly understanding the term when explained. Those with previous knowledge were able to 

mention a nearly exhaustive list of FESs (Figure 3). 

Most interviewees mentioned the FESs of climate regulation (e.g. shade and air quality 

provision), economic resources (e.g. wood products), recreation (e.g. hunting and tourism), water 

quality (including both water provision and regulation), and wildlife habitat (both aquatic and 

terrestrial). Most interviewees in each stakeholder category mentioned water quality as a FES. 

While this may be understandable given the topic of the interview and the stakeholders targeted, 

all stakeholders associate forests with quality water in their watershed. Water quality is used in 

the general sense here which includes the provision (i.e. drinking water as product) and 

regulation (i.e. filtering out pollutants, infiltration and storage, and regulating the flow of water). 

Overall, stakeholders referred to water quality as the regulating service over the provision of 

clean water, however, there was at least one NPO from each watershed that mentioned the 

provision of clean water (including drinking water quality).  
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Stakeholders have differing yet similar most frequently mentioned FESs (Figure 3). All 

stakeholders, excluding industry, mentioned wildlife habitat, or the forest’s structure providing 

the supporting service of either terrestrial or aquatic wildlife habitat. District foresters in LGR 

and AS, whose role is to work with forest landowners in their county, pointed out that landowner 

“concern is wildlife habitat and let’s translate that into ‘How do we get more deer?” (LG, AS). 

Landowners were also the only group that did not have most interviewees mention water quality. 

However, all landowners said they were concerned about erosion control on their property, and 

one landowner in LGR was very knowledgeable about forests and water quality. Water utilities, 

whose services in the watershed include regulating drinking water, stormwater, and wastewater, 

mentioned the water quality aspects of regulation, filtration, and erosion control. Economic 

resources, mainly timber, were frequently mentioned by forest landowners, local government, 

and industry.  

 

 

Figure 3: The most frequently mentioned FESs by each stakeholder category. Any FES 
listed in bullet points indicates that most of that stakeholder type mentioned that service. 
Bullet points are listed in alphabetical order not hierarchical importance. 
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2.2.2 Prioritizing Specific Forest Ecosystem Services 

FES priorities within each watershed is shown in Figure 4. These are the priorities 

different stakeholders included when asked “what FES is the highest priority for your 

organization?” An alternate question was “what FES(s) is the most important for your 

organization?” The FESs involving regulatory water quality ESs (i.e. water flow regulation, 

water filtration, water infiltration, and erosion control) were the biggest priority for NPOs, 

utilities, and policy makers in all watersheds.  Local government and consumers prioritized 

human health and economic services, while landowners prioritized both erosion control and 

recreation. Figure 4 shows that LGR has a diverse distribution of FESs priorities, while AS has a 

fairly equal distribution of FESs priorities but fewer priorities mentioned overall, and DET has a 

less diverse priority distribution including supporting services (biodiversity and wildlife habitat) 

and water regulating services (water flow regulation and water filtration). Water quality was a 

concern in all these watersheds but not water quality degradation due to forest management 

practices that degrade water quality (e.g., clear-cutting, harvesting within riparian or water body 

corridors, etc.). The forest sector (landowners, industry, foresters) in all watersheds were 

perceived as practicing efficient water quality best management practices.  

  



 
25 

 

 

 

 

 

 

Figure 4: FESs interviewees mentioned as highest priority or importance in each watershed. The percentages indicate the 
proportion of the FESs mentioned as high priority. The higher proportions include descriptive labels. Blue shades are water 
quality related services (lightest blue is the water provisioning service of “freshwater”), yellow shades are non-water-related 
regulating services, green shades are supporting services, and grey shades are cultural services (including economic resources). 



 
26 

 

 The forest ecosystem management priorities that interviewees mentioned also illustrate 

watershed-specific concerns related to FESs. The heavily forested AS watershed prioritized 

managing forests for sustainably harvesting timber and for managing municipal stormwater. 

Sustainable forest management was considered a mechanism that prevents erosion and water 

pollution. While the AS may not have as many stormwater or contamination issues as a more 

urbanized watershed, the concern threshold was low because regional tourism and recreation 

depend on the pristine quality of the river and surrounding forests: 

“There is a lot of tourism dollars that are brought in for fishing a beautiful, clean, 

pristine river. It’s important to have good forest management and good 

agricultural practices, although there is not a lot of agriculture in that immediate 

area: Healthy forests, good septic tanks and systems all prevent that leaching.” 

(NPO, AS)  

 The urbanized, forested, and agricultural LGR watershed prioritized managing forests for 

timber production using sustainable forestry and increasing forest canopy cover in urbanized 

areas. One consumer and one landowner mentioned the importance of trees in preventing 

erosion. One consumer and one landowner also stated that sustainable management should 

always be a priority, and water utilities and local government corroborated that sustainable 

forestry is a realized goal in their county. Local policy makers, consumers, NPOs, and local 

government all mentioned the importance of increasing tree canopy cover in the city of Grand 

Rapids. 

 The heavily urbanized DET watershed prioritized managing forests for stormwater 

management (infiltration) and erosion control. NPOs, local government, and policy makers in the 
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DET watershed consistently reiterated the use of forests as green infrastructure for stormwater 

management: 

“The reality is I live in a watershed that is mostly urbanized and will be 

completely urbanized in my lifetime. That, of course, stresses rivers. The best we 

can hope for is to try to reduce the peak flows and the amount that is being runoff. 

Trees are an excellent way of doing this” (PM, DET).  

 Most individuals displayed discomfort in prioritizing FESs. The more knowledgeable a 

person was about FESs the less that person wanted to prioritize any one service over others. The 

below quotation from an NPO individual in LGR illustrates this phenomenon: 

“Aesthetics is going to be really important so that people understand why we want 

to keep them [Forests]…but control of the water cycle and keeping green 

space…I don’t know. I’m a zoo person: Habitat. It is really hard for me to rank 

them [FES] because I think it’s important for all these things. My house is a wood 

frame: I mean, timber is important too! It is really hard for me to rank them 

because I’m so over-educated about it. If I have to say something, we can’t live 

without water…Helping control water quality: We’ll go with water.” 

This interviewee thought about the importance of green space, wildlife habitat, timber, and 

aesthetics; but ultimately decided on water as being the most important FES because it is the 

service humanity cannot live without. The interviewee attributed their discomfort in ranking 

FESs to being “over-educated” on the topic. In general, the interviewees who displayed more 

knowledge of FESs (i.e., listed many FESs in the interview) had a harder time choosing FESs to 

prioritize. Many of these knowledgeable interviewees commented on the importance of not 
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prioritizing forest ecosystem services, or of managing a forest ecosystem so that all FESs would 

be sustained.  

 Three interviewees prioritized the forest’s function of increasing biodiversity as a way to 

rank all FESs equally in a response to their discomfort in prioritizing FESs. However, when 

asked what ecosystem service should be prioritized specifically for policy or management, these 

interviewees mentioned that managers and policy makers could not rely on biodiversity alone 

and that public priorities like water quality and recreation should be prioritized.  

2.2.3 Perceptions of the Link Between Forests and Drinking Water Quality 

Only three (two from AS and one from LGR) interviewees mentioned the provision of 

drinking water as a priority for conservation in their watershed. Stakeholders strongly associated 

forests with water quality, but this association did not necessarily transfer to a strong perceived 

link between forests and drinking water. When asked whether they associate forests with 

drinking water, nearly half of stakeholder types across all watersheds answered in the 

affirmative. Those that answered “yes” generally had an interconnected view of nature that 

included the impact of land-use, human activity, and vegetation on the water cycle from the local 

to regional to global scales (i.e. humans are part of the natural environment and changes in one 

part of nature can have cascading impacts to nature as a whole). A common understanding was 

that a forest in their watershed would eventually impact the water quality of the Great Lakes; and 

because everything is interconnected, that will eventually affect drinking water quality. On the 

other hand, some of those that answered in the affirmative did not explicitly make the connection 

from forests to drinking water but rather to general water quality (Table 4).  
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Table 4: Characterization of link between forests and drinking water from those who 
associate the two together. Some quotations are paraphrased using an ellipsis.  

# 
Watershed, 

Stakeholder 

group 

Q: Do you associate forests with drinking water? How so? 

1 

AS, NPO 

"Yes, I do…forests kind of contribute to cleaning our drinking water." 

2 
"Absolutely. Trees hold the soil intact so that water can percolate down through 
the soil and leave the contaminants or solids behind before the water eventually 
makes its way into the groundwater, streams, and the Great Lakes." 

3 

AS, PM 

"Oh sure, because whatever seeps through the forest will eventually make it to the 
groundwater." 

4 
"Absolutely...forests help keep the water clean. It works hand in hand: We need to 
have water to have forests and we need to have forests to help keep the water 
clean." 

5 AS, LG 
"I sure do but I've always lived in remote areas where you didn't give it a second 
thought." 

6 AS, FL "Absolutely. I understand how the hydrology works." 

7 DET, NPO 

"I do directly. The health of pervious surfaces are directly related to the quality of 
drinking water whether we’re actually consuming it, recreating in it, pulling fish 
out which we’re consuming, or just the quality of water for the biological 
diversity that’s found within it." 

8 DET, PM "Yes, in the bigger scheme of things." 

9 DET, PM "I do. The forests are part of the natural landscape which is the most effective 
form of filtering water." 

10 DET, LG 

"Yes. Forest and tree coverage in general factor into the water filtration process in 
managing and slowing the absorption of rainwater back into the ground which 
ultimately ends up in the groundwater, stream tributary system, and out to the 
lakes." 

11 

LGR, LG 

"Of course." 

12 
“Yes, I think so. The forest is good for drinking water, and likely clean drinking 
water is coming out of the forest, but the landscape is dominated by other land 
uses." 

13 
"Yes, because they improve water quality either by preventing soil erosion or 
having a positive effect on the different types of species that live within our 
waterways." 

14 LGR, PM 
"Yes. Trees help clean our drinking water, and of course they also address our 
stormwater issues because they capture so much stormwater. Everything is all tied 
together." 

15 LGR, NPO "Yes. If a forest is a healthy forest and it’s functioning properly then it’s going to 
have cleaner water." 

16 LGR, FL "Yes. I'm just very cognizant of water in general, especially erosion." 
17 LGR, CON "Absolutely. Because I live here where forests are just right next to the water." 

PM: Policy Maker; LG: Local Government; FL: Forest Landowner; CON: Consumer 
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 While nearly half of the interviewees associated forests with drinking water to some 

degree, the rest of the interviewees did not automatically make the connection. Many of the more 

knowledgeable individuals about forests and water quality commented that even with their 

knowledge, they do not associate forests with drinking water. For example, a policy maker in the 

AS commented that “even based on what I know, that is not where my mind goes immediately,” 

and a NPO individual in the DET commented that “I should if I really think about it, but I do not 

think about it on a regular basis.” For many of the interviewees, it was commonly stated that the 

connection between forests and drinking water was not something they typically think about. 

Some interviewees remarked on the perceptions of other stakeholder categories toward this link. 

Landowners, NPO’s, local government, and policy makers all said they thought it was highly 

unlikely their fellow stakeholders or other stakeholder categories think about or value the 

FESDWQ. One NPO sums up this sentiment: 

“I’m not sure that beneficiaries always recognize [this link]. I’m not sure that 

water providers always do. I think scientists probably value it the most. If we’re 

talking non-profits in terms of a watershed or forest conservation group, then I 

think they put a lot of value into it. I don’t know if the general forest landowner 

would necessarily put a ton of thought into how much their forest is purifying 

their water. I don’t know if industrial or commercial necessarily do either” (DET, 

NPO). 

Knowledgeable interviewees both answered in the positive and negative in associating forests 

and drinking water, but people who admitted they didn’t know much about the topic typically did 

not associate the two.  
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 Some interviewees also perceived a disconnect between the provision of drinking water 

and the functioning of natural systems. This was especially prevalent from individuals living in 

urbanized areas: “The only real clean drinking water for me is what I’m going to take up out of 

the ground or what is coming through the filtration plant” (PM, LGR). This interviewee 

perceived forests as eliminated from the filtration process entirely when the water is coming 

from a filtration plant or deep wells. Another interview said something similar: “I don’t associate 

the two because drinking water goes through treatment facilities. That is where my water comes 

from. I'm not tapping a well in a forest someplace” (CON, LGR). This interviewee took this 

theme a step further by pointing out another perception of the link between forests and drinking 

water: If a forest was right next to a drinking water intake, preferably a wellhead over surface 

water intake, then the perception of the association would be stronger. Person 17 from Table 4 

operationalized this by saying they do associate forests and drinking water because they live 

where forests are right next to the water. Person 5 from Table 4 mentioned that because they 

have always lived in remote areas the association between forests and drinking water manifests 

naturally. Another interviewee surmised that those in Michigan’s Upper Peninsula would 

associate forests with drinking water because they have personal wells within forests: 

“In West Michigan, we may not connect forestry and water together, but if you're 

going to go to the U.P. you could get a different answer on drinking water 

because maybe those people have a shallow well near a forest and somehow that 

forest benefits that source of water and they drink it.” (PM, LGR) 

 Interviewees characterized the link between forests and drinking water by associating this 

link more strongly with groundwater and to those who get their drinking water through 

municipal or private wells. Mechanistically, this association with forests is explained by the 
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forest function of filtering water or purifying water before it infiltrates to groundwater. On the 

other hand, interviewees associated the link between forests and general water quality by 

associating this link with surface water. Interviewees mechanistically explained this association 

with the forest function of regulating and intercepting precipitation that leads to flood events or 

catching erosion that leads to surface water pollution. Water utilities bridge the gap between 

these two associations with forests and drinking water by incorporating source water protection 

and wellhead protection into the equation: 

“I see forests as part of the natural filtering system that provides potable water for 

our citizens who are on well water or even citizens who take water out of the 

rivers because [rivers] receive ground water as well. I see the forests as helping to 

assist surface waters as source water for the provision of drinking water to 

society” (WU, DET). 

One NPO member from DET began to think about this disconnect between forests and drinking 

water in the context of stormwater: Their organization does not bring up drinking water when 

talking to the public about trees but they do connect with people on the importance of forests in 

stormwater management: As the interview progressed, the interviewee came to the conclusion 

that trees and “stormwater should be connected to our drinking water.”  

Stakeholder perceptions, knowledge, and values about forests and drinking water are 

linked to specific corresponding actions in their watersheds. Table 5 compares how both 

watershed and stakeholders link forests and drinking water: It shows stakeholder “perceptions of 

adverse consequences,” or the belief that making changes to the forest landscape impacts 

drinking water quality, and the corresponding “action and behavior,” or whether the group does 

anything that directly impacts forests and drinking water. Stakeholders in all watersheds 
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associated forest “mismanagement” with negative changes in water quality indirectly linked to 

drinking water quality. No stakeholders witnessed mismanagement happening currently in their 

watersheds and viewed the forest sector as doing an overall good job in preventing water quality 

issues. Utilities and policy makers in LGR and DET alleged that negative consequences to 

drinking water quality from forest management was a policy error from past land and water 

management. The 19th-20th century practices of “draining the swamp” for agriculture or clear-

cutting forests for development degraded or destroyed the forest function of providing drinking 

water, and now the FESDWQ is functionally degraded and replaced by technological solutions 

which do not rely on filtering support from forests.  

No interviewees exhibited any behavior or actions in their watersheds that directly 

addressed forests and drinking water quality (See Table 5 responses to the third characterization). 

Stakeholders that have varying outreach or communication roles in the watersheds never framed 

their rhetoric around forests and drinking water. No interviewees mentioned any programs, 

projects, or policies that directly impacted this FES: Some projects may involve forest and water 

quality and may indirectly impact drinking water through the forest to general water  

quality connection, but the goals of those projects did not include the protection of the 

FESDWQ. However, interviewees were amenable to incorporating the FESDWQ into their 

goals. NPO’s, local government, utilities, and policy makers mentioned that if there was a 

watershed specific quantification of the FESDWQ they may act on that knowledge: “I guess if I 

had a better understanding of how the forests around here were directly impacting drinking water 

then I would probably talk about it more” (LGR, LG).  
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2.2.4 FESDWQ Value-Increasing Qualities 

 A common theme from the open coding analysis across all stakeholder groups and all 

watersheds was the perception that certain qualities or effects could lead to increased value 

placed in the FESDWQ (these qualities could also be applied to all FESs). Interviewees 

Table 5: Table showing perceived link between forests and drinking water quality by 
stakeholder category. Numbers represent a Likert scale for each characteristic: These 
scales are an interpretation of discussion during interviews. "NA" stands for not 
available.  

  Stakeholder Category 

Characteristic 

Water 

Utility 

Policy 

Maker 

Local 

Gov. 
NPO 

Forest 

Landowner 

Con-

sumer 

AS Watershed  

Nature of link NA 4 5 4 5 NA 

Perception of adverse 
consequences 

NA 4 3 3 4 NA 

Action & behavior NA 1 1 1 1 NA 

LGR Watershed 

Nature of link 3 3 4 4 3 3 

Perception of adverse 
consequences 

3 3 3 4 3 3 

Action & behavior 1 1 1 1 1 1 

DET Watershed 

Nature of link 5 5 5 4 NA NA 

Perception of adverse 
consequences 

3 3 3 3 NA NA 

Action & behavior 1 1 1 1 NA NA 

Nature of link 
Q: Does the group connect forests to drinking water? 

Scale: 1-not at all; 5-Yes, absolutely 

Perception of adverse 

consequences 

Q: Does the group connect forest mismanagement to drinking water 
quality issues? 

Scale: 1-not at all; 3-Yes, no occurrences within watershed; 4- Yes, but 
not a priority in watershed; 5-Yes, and current examples within 
watershed 

Action & behavior 

Q: Does the group do any projects or make any policies that address 
forests and drinking water? 

Scale: 1-no; 3-few; 5-many 
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perceived that if these qualities or aspects were present people would place greater value in the 

FESDQW. Table 6 shows a list of these qualities with a description and representative quote 

from the interviews. “Proximity to nature” and “experiencing nature” was mentioned the most 

frequently in interviews (by 9 and 8 interviewees respectively). “Awareness” and 

“quantification” were similar qualities that a combined 8 interviewees mentioned. Being aware 

of the existence of the FESDWQ is crucial to valuing the service, and the deeper the 

understanding of the FESDWQ, the greater that value could be (i.e., actually quantifying the 

FESDWQ within a watershed). “Reliance,” “impending threats,” and “retrospective value” are 

all qualities that involve the individual relationship between humanity and the FESDWQ. These 

were contingent upon awareness of the FESDWQ in the case of “reliance” and “impending 

threats” and those who may have been previously unaware would become aware after the 

FESDWQ is gone (“retrospective value”). The heavily urbanized DET, where arguably the 

FESDWQ would be most compromised, did not mention any lamentations over the loss of the 

FESDWQ, but they did frequently mention how the loss of water quality over the decades was 

the impetus for cleanup efforts. 
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Table 6: Qualities that increase the value of the FESDWQ or FESs. 

Quality Explanation Example Quotation 

Awareness 
Understanding the mechanism of FESs 
increases the value one places in those 

services. 

"There are people that are in water policy that don’t recognize the value of forests. We 
have communities that have very strict tree ordinances and some that will let you cut 
anything down. They’re the same kind of people but one is a little bit more educated 
than the next." (PM/NPO, DET) 

"I think it's really important to make sure we're raising young people with an 
awareness of the importance for maintaining trees - even in urban areas." (LG, LGR)  

Overabundance 

An overabundance of natural resources 
(e.g. freshwater) leads to less value placed 

in the FESDWQ (taken for granted). 

"You can pour almost anything in Lake Huron, and it would be hard to measure it in 
any of those water intakes because there is an awful lot of clean water. That’s not to 
suggest we shouldn’t protect it [FES]: I’m just saying that the quality of the water is 
unlike anything in the world." (PM/NPO, DET) 

"You tell people your water comes from the mountains or the forests, and I think that 
connection is a little harder to make here. I don’t know if it is a cultural thing of there 
being too much water around people here." (LG, LGR) 

An overabundance of forests leads to more 

value placed in FESs (FESs valued by 
utilization as abundant resource). 

"If you’ve got a resource in your backyard like we have here, that’s great. Let’s take 
advantage of it, manage it, and manage it properly. When I say properly, let’s not go 
out and be clearcutting mass areas that are going to cause sedimentation into our 
streams and such." (FL, AS) 

Wealth of Time 
If a person has the resource of time to 

spend researching FESs, value in FESs 
increases. 

“And a lot of times they are older or retired and have more time to look up these 
things: They have the time to get themselves educated on it." (LG, LGR) 

Proximity 
Forests and water in close proximity 
increases the value of the FESDWQ. 

"People understand the connectivity there [forest by rivers] better than a tree that is 
within the watershed but it’s harder to explain to people. They don’t understand how it 
already impacts water quality if it’s not right on the river’s edge." (LG, LGR) 

"In West Michigan, we may not connect forestry and water together, but if you're 
going to go to the UP you could get a different answer on drinking water because 
maybe those people have a shallow well near a forest and somehow that forest 
benefits that source of water and they drink it." (PM, LGR) 

Experiencing Nature 
Spending time in water and forest natural 

areas will increase value. 

"If they don’t see the river and they don’t touch the river, they don’t care about that 
river." (NPO, DET) 
"I don’t want to underestimate recreation because that’s the link that gets people to 
care." (NPO, LGR) 
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Table 6 (cont’d) 

Quality Explanation Example Quotation 

Reliance 
Reliance on FESDWQ increases value 

(contingent upon awareness of reliance). 

"That is one of the biggest concerns: Water quality. It always comes back to water 
management, flood control and water quality because it impacts us in every way." 
(WU, LGR) 

"We are beer city USA. They need water, clean water. I know they have a group that 
has been advocating for clean water in Michigan." (PM, LGR) 

Impending Threats 
When functioning of FESS compromised 

or threatened, value increases. 

“As we start to look for more instances of that kind of groundwater contamination 
[PFAS], we’re going to find it because the chemicals persist forever. So that’s a 
problem, and it’s on people’s minds a bit more.” (NPO, AS) 

Retrospective Value 
You don't know what you've got till the 

FESDWQ is gone. Loss of function will be 
felt and therefore value increased. 

"Once you lose it [water quality], you got to spend a lot of money to get it back. Once 
you lose it, we would always be on the map as a county that had bad water quality and 
we didn't see it as a priority. So, we always must keep it a priority." (PM, LGR)  

Quantification 
Quantifying benefits of FESDWQ would 

increase value. 

"We did a project where we developed a stormwater calculator to calculate costs and 
benefits associated with implementing green stormwater infrastructure…We use that 
as a tool to encourage more implementation of green infrastructure." (NPO, LGR)  

"If I had a better understanding of how the forests around here were directly impacting 
drinking water then I would probably bring it up more and talk about it more. But I 
don’t have a firm understanding of where all the water is coming from. Aside from the 
well, it’s not something I talk about." (LG, LGR,) 

Money in the Bank 
If it pays or benefits one directly, they will 

value FESDWQ. 

"If it pays for a guy to look out for soil erosion and water quality, it’s going to get 
done. If it pays to manage your forest...It works both ways I think. Having markets 
enables management; management equals a healthy forest; a healthy forest makes 
good water quality and fish jumping in the creeks. It’s all really tied in together." (LG, 
AS) 
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2.3 Discussion 

 The overall objective of this research was to understand the value that stakeholders in 

three Michigan watersheds place in the FESDWQ. Different stakeholder perceptions in all three 

watersheds teased out the complexity and characterization of stakeholder value towards the 

FESDWQ. Most interviewees prioritized water quality as the most important FES. The 

importance of water quality as an ES did not translate to the FESDWQ, or in other words, to 

quality drinking water as a product of forest functions. Nearly half of interviewees believed there 

is a link between forests and drinking water, but most interviewees admit they seldom think 

about this link or deem it as low importance within their watershed. No interviewees directly 

addressed the FESDWQ in any of their organization actions or rhetoric. Interviewees perceived 

the link between forests and drinking water as being more valuable to those who get their 

drinking water from shallow wells in forested areas. On the other hand, those in more urban 

areas divorced impacts to drinking water from any forest or land management/changes within 

their watersheds, but still perceived a close connection between forests and stormwater (i.e. 

forests as green infrastructure to address stormwater runoff issues).  

Stakeholder discomfort in prioritizing FESs may be due, in part, to their blend of 

anthropocentric and biocentric values. Having a blend of anthropocentric and biocentric values is 

not uncommon, even among groups one would assume to lean heavily toward one end of the 

value spectrum (Hunter et al. 2014; Jarvis et al. 2016). This blend of values could be explained 

by interviewee perceptions on how to motivate constituents. Policy makers, local government, 

and NPOs mentioned that they rely on anthropocentric values do get their constituents to care 

about the environment, and while their personal values may be more biocentric, many 

interviewees shared a belief that natural and human systems are interconnected. Having a blend 
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of values makes it trickier to make decisions, but also minimizes conflict because more diverse 

values are addressed (Ives and Kendal 2014). Local government, NPOs, consumers, and policy 

makers were weary of prioritizing one FES over the other because they did not want to deal with 

trade-offs leading to degradation of those services not prioritized. This is a common challenge 

revealed by the increasing popularity of PES programs across the world: When managers target 

one ES to prioritize over others, the net benefit to the ecosystem may be negative or other ESs 

may degrade (e.g. Naeem et al. 2015; Redford and Adams 2009; Reed et al. 2017). A consumer, 

policy maker, and NPO in this study chose to name the FES of biodiversity to include all FESs in 

potential management and policies. While not always explicitly considered a FES there are some 

examples of biodiversity being considered a final ES (Mace et al. 2012). Whatever the case, 

literature shows that biodiversity enhances the functions of FESs (Ellison et al. 2017; Muys et al. 

2014). In valuing non-market goods, hybrid approaches that consider stakeholder values of ESs 

and biodiversity could be very effective (Pascal et al. 2010). In fact, Thompson et al. consider 

that incorporating forest biodiversity into policy decision-making could lead to a more holistic 

protection of the forest ecosystem (Thompson et al. 2011). This study confirms that biodiversity 

would be an important measure to use when measuring stakeholder values and could be effective 

in advancing ESs in the nexus of science and policy, especially at a time when the issue of 

biodiversity loss is at the forefront of global issues (i.e., recent release of IPBES report on 

unprecedented global species extinction rates). Combining biodiversity with ESs could be an 

important conservation strategy. However, sensitivity should be applied when using the terms 

“biodiversity” or “ecosystem services” when communicating to the public: According to a public 

opinion survey on conservation language, these terms are not always perceived favorably or are 

often misunderstood by the public (Weigel and Metz 2018). 
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Knowledge of the FESDWQ did not lead to increased value in the FESDWQ which is 

consistent with ES and environmental behavior literature (Nisbet 2009; Kaplan 2000). However, 

many stakeholder groups expressed the importance of disseminating knowledge throughout the 

watershed about this FESDWQ for it to be used in conservation or management. While 

education is certainly an important and well-used tool for stakeholder engagement, finding 

shared stakeholder values around this FESDWQ may be a more effective tool for incorporating 

the service into future watershed conservation efforts (Cohen 2012; Pielke 2007). 

Stakeholders in all watersheds associate forests with water quality directly and prioritize 

this ES, but that value does not transfer to forests and drinking water quality. No projects, 

policies, programs, missions, or goals from any of these stakeholder groups directly addressed 

the forest ecosystem service of providing drinking water. The positive externality of forests 

provisioning drinking water is in fact separated from the value of forests in these watersheds as is 

postulated in literature (Todd & Weidner 2010). In the DET, not having many forests to provide 

the FESDWQ (9.5% forested) may explain why there are no programs addressing forests and 

drinking water: The FESDWQ is functionally extinct.  In AS, there are abundant forest resources 

that contribute to a pristine water quality environment. However, that does not mean forests 

moderate all threats to drinking water: Chemical contamination can still be an issue (e.g. PFAS 

contamination has been discovered at both the headwaters and mouth of the watershed). In a 

mostly forested watershed with a relatively low current threat of deforestation, there is no need 

for programs that address the FESDWQ because forest function is largely intact. However, 

protection of the FESDWQ against future threats from increased development could become 

important, but is not currently a priority within the AS. In LGR, non-point pollution from 
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agricultural areas and stormwater pollution and wastewater from industrial and urban areas is a 

stronger priority for watershed projects over protecting and restoring the intangible FESDWQ. 

Initiating programs that incorporate the value of FESDWQ may be a challenge for 

watersheds that do not view the FESDWQ as a priority. Alternatively, managers could start by 

using rhetoric that incorporates the FESDWQ into existing programs. Once the watershed is 

exposed to this rhetoric, value in the FESDWQ may follow leveraging support for more forest 

conservation. Urban dwellers near a forest in Germany valued the FESDWQ potentially because 

the forest was a designated drinking water protection area (Meyer and Schulz 2017). Many 

interviewees said they would incorporate the FESDWQ into rhetoric if they knew watershed-

specific quantification of the FESDWQ. Biophysical quantification would be an important first 

step.  

There is a disconnect between the provision of drinking water and natural land 

(especially in DET but also present in the urban areas of LGR). This is consistent with literature 

that shows that urban populations will value regulating ESs more than provisioning ESs 

(Lapointe et al. 2019). In the urban context, this high value for regulating services like air quality 

and water regulation is because these services are more connected to the urban population’s 

quality of life (Martín-López et al. 2012). There was a perception from many interviewees across 

all watersheds that those who live on forested land and have personal wells or live in more rural 

environments would place greater value in this provisioning FESDWQ. This perception is 

consistent with studies of rural populations that show this favoring of provisioning ESs to be the 

case (Lapointe et al. 2019). Further research into differing perceptions of urban to rural 

populations about FESs in these watersheds is needed to study this theme, and the perception that 

groundwater over surface water is more associated with the FESDWQ is worth further 
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exploration. The focus in current research about FESs and drinking water is on surface water: A 

common statistic used is two-thirds of the nation’s clean water supply comes from surface water 

that filters through forests (Deal et al. 2016). The USDA’s Forests to Faucets program created 

an index for all the US that gives importance of forest to drinking water, but which excluded 

populations of people who get their drinking water from groundwater  (Weidner and Todd 

2011b). This research suggests that these are the populations that would value the FESDWQ the 

most. 

The value increasing qualities that interviewees mentioned of “experiencing nature” and 

“quantification” are consistent with previous findings. For example, there are documented 

positive effects that spending time in or experiencing nature increases a person’s well-being 

(Biedenweg et al 2017). People often value those ESs that have a direct connection to their 

quality of life (Lapointe et al. 2019). Forest landowners, local government, and consumers 

mentioned that the value people have in forests and water quality go up when they spend time in 

nature (e.g. kayaking down a river in a forested watershed). Recreating in the pristine waters of 

the AS amidst forested riparian corridors is more concrete than the intangible forest provision of 

drinking water. Using this value increasing quality for the FESDWQ may not be as simple. 

Perhaps protecting forests for the express purpose of protecting drinking water would lead to 

increased value for those recreating in that forest. For example, stakeholders around a drinking 

water protected forest in Germany valued the FESDWQ over many other FESs (Meyer and 

Schulz 2017). Quantifying the forest ecosystem service of providing quality drinking water in all 

three of these watersheds could facilitate the conservation of the FESDWQ and potentially lead 

to higher value in forests and a corresponding increase in and support for forest conservation. 

Many interviewees admitted that if they had some sort of quantification of the magnitude of 
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forests filtering drinking water within their watershed; they would place a higher value toward 

the FESDWQ and discuss it with their constituents. ES literature shows that a spatially and 

temporally specific biophysical quantification of an ES is necessary both for the valuation 

process and for making decisions about how to manage that service (Olander et al. 2018; Reed et 

al. 2017; Syrbe and Walz 2012). There has been no quantification of the FESDWQ to date in any 

of the watersheds. In fact, national research on the benefits of forests to drinking water systems is 

relatively nascent. However, the growing increase of source water protection and wellhead 

protection into state and national policies has increased research collaborations between 

scientists and public water systems (Barten and Ernst 2004; Gorzalski et al. 2019). A recent 

review of literature on the benefits forests provide to public water systems calls for research that 

incorporates both case-specific (i.e. single public water systems) and multisystem studies (Price 

et al. 2018). AS, LGR, and DET would welcome research collaborations such as this, based on 

statements from the interviewees in local government, policy makers and NPOs. 

2.5 Further Research  

Further research is needed to distinguish urban and rural perspectives about FESs in these 

watersheds. Additionally, collaborations with large and small water utilities and a forest 

hydrologist would help to quantify the biophysical properties of the FESDWQ within these three 

watersheds. Research could be prioritized to study the biophysical properties of forests and 

groundwater in these watersheds given stakeholders close association between forests and 

groundwater over surface water (the USDA’s Forest to Faucets program indexes forest 

importance to providing drinking water in all US watersheds, but it excludes groundwater). Also, 

more research should be done on perceptions about forests and groundwater in rural 

communities to test the findings of this research that suggests those populations would place a 
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higher value in the FESDWQ. This research focused on key stakeholders within the three 

watersheds, but a survey of general public opinion and forest landowner opinion would be an 

important next step in research to further explore the potential success of conservation programs 

that incorporate the FESDWQ. 

2.4 Study Limitations 

 The interviews included key stakeholders from non-profit organizations, local 

government, local policy makers, water utilities, forest landowners, consumers, and industry. 

Most of these individuals showcased environmentally-prone behaviors and environmental 

worldviews and were directly involved in watershed and/or forest conservation or worked in a 

field that impacts forests and/or water. The data from their interviews are not considered a 

representative sample of their entire stakeholder category within Michigan, but the stakeholder 

interviews included key perspectives from those within the three watersheds that were the most 

applicable to this topic. Time constraints, feasibility, and lack of recruitment response led to gaps 

in stakeholder categories interviewed in all three watersheds. Consumers and forest landowners 

from LGR were mostly individuals who were very active in environmental stewardship, leading 

to a potential bias in responses. All water utility stakeholders interviewed were from 

environmental services departments whose responsibilities dealt with runoff and wastewater over 

individuals from public or private water systems that provide municipal drinking water. This 

could impact the water utility perspective of stakeholders. Water providers in DET and LGR 

mention source water protection (SWP) on their websites, so it can be assumed that SWP would 

have come up more in interviews if these organizations had been interviewed. Attempts to reach 

water provisioning water utilities were unsuccessful. For future research, a different more 

aggressive recruitment strategy for water providers should be employed. To obtain a 
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representative sample of the consumer population and forest landowners in each watershed, a 

survey method would be a useful design. Interviews of these groups did allow for exploring 

themes to be used for future survey research in the watersheds. 

2.6 Conclusion 

There is much untapped potential for forest conservation through the lens of providing 

quality drinking water. In urban areas, the FESs of water provision and regulation can be 

prioritized with the insertion of green stormwater infrastructure (GI). GI is already being used in 

Grand Rapids and Detroit to manage stormwater, but GI could also be a way to insert forests into 

critical areas for the provision of drinking water. By doing this, watershed rhetoric and 

conservation efforts would include forests in the entire water cycle. This study demonstrated that 

stakeholders are already aware of this interconnectedness of forests within the water cycle, but 

programs and policy focus on one side of the water cycle at a time, and overprioritize regulating 

over provisioning FESs. Forest degradation and parcellation can be prevented in more residential 

to rural areas. Stakeholder perception of the link between forests and drinking water already 

includes the idea of trees filtering drinking water from private wells so this perception could be 

leveraged into outreach, education, and watershed actions to further conserve forest ecosystems. 

Given that 25% of Michigan’s population gets their drinking water from private wells (MDEQ 

2004), wellhead protection and source water protection will only become more necessary in a 

state that is battling the frequent emergence of drinking water contaminants and water 

infrastructure failures. 
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CHAPTER III: SOCIAL NETWORKS OF WATERSHEDS INFORMING THE FOREST 
ECOSYSTEM SERVICE OF PROVIDING QUALITY DRINKING WATER 

 
 3.0 Introduction  

According to the Millennium Ecosystem Assessment, the degradation of global forests 

threatens the provision of drinking water (2005). One-third of the world’s major cities source 

their drinking water from forests that completely or partially provide that purifying service 

(Calder 2007). This forest ecosystem service of providing quality drinking water (FESDWQ) is 

just one of many forest ecosystem services (FESs) that are related to water. Forests provide 

provisioning, filtering, and regulation of water resources (Ellison et al. 2017).  While these 

services are interrelated, this research focuses on the provisioning service over the regulating or 

filtering ES. Given the importance that people place in drinking water (Granias et al. 2018), it is 

contradictory that the value of drinking water is ignored when assessing the value of forests 

(Todd and Weidner 2010). Disregard of provisioning ESs is common and so capturing the lost 

value of ESs is an important practice in conservation and stewardship of natural resources 

(Costanza et al. 2017).  

Michigan is a state abundant in natural resources: It is covered by over 20 million acres 

of forest, surrounded by four Great Lakes, and filled with 46,000 inland lakes and over 76,439 

riverine miles (MDEQ 2017; Pugh et al. 2016). While Michigan has abundant natural capital, 

there are many threats to that capital: Michigan’s forests are highly fragmented by roads due to 

development, and all of Michigan’s Great Lakes and over half of its riverine miles are impaired 

or failing to meet one or more federal water quality standards (MDEQ 2017; MDNR 2010). 

Threats to Michigan’s freshwater not only impacts the people of Michigan: The Great Lakes 

contain over 21% of the world’s available freshwater supply and the Great Lakes Region has the 

third largest economy in the world with a GDP of $6 trillion (Desjardins 2017). Water scarcity 
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will be one of the greatest global crises of the coming era: Michigan and the Great Lakes Region 

is comparatively advantaged for the coming crisis (Annin 2013), so the decisions Michigan 

makes in managing its forest and water resources is of vital importance. To manage these 

resources, Michigan governance is beginning to incorporate FESs into management strategies 

and consider new solutions in management like Payment for Ecosystem Services (PES) 

programs that incorporate FESs into conservation strategies (OGL 2017). Agricultural PES 

programs have been implemented in Michigan (Claassen et al. 2008), but a lack of participation 

and understanding in these PES programs has hindered their success (MDNR 2010). If the 

FESDWQ were to be leveraged into conservation programs that protect Michigan’s forests and 

water resources, stakeholder value placed on the FESDWQ must be ascertained. 

ES concept literature states that measuring stakeholder value placed in an ES is the first 

crucial step for research into that ES. Value in this research refers to a mental process of 

determining the worth of the FESDWQ by assessing scenarios, comparing to perceived related 

reference points, and behaving in ways that impact the FESDWQ (Costanza et al. 2017). The 

value placed in the FESDWQ is an internal mental process, but it is also affected externally by 

interactions with stakeholder groups (groups that impact, are impacted by, or perceive to be 

impacted by the FESDWQ). Stakeholders do not create value statically by a simple transaction 

between an ecosystem benefit provided to humans such as between forest landowners and 

downstream water consumers; but value is dynamically co-created within various stakeholder 

interactions (Matthies et al. 2016). Social Network Analysis (SNA) methodology investigates 

social structures using network theory and is increasingly used to observe social networks 

between stakeholders and actors in natural resource management issues (Bodin et al. 2006; 

Larson et al. 2013). SNA follows the connections between individuals or groups (or the pattern 
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of relationships between social actors) and the exchanges, flows, and directions of valued 

resources between groups (de Laat et al. 2007). SNA can characterize social networks and their 

ability to facilitate social cohesion, or the comprehensive inclusion and integration of stakeholder 

groups (Münch 2001). To measure interactional value co-created between stakeholders, a 

qualitative and quantitative application of SNA can also be employed to identify “relational 

value” placed in the FESDWQ by incorporating measures of social cohesion within networks. 

Relational value (added to the theory of intrinsic and instrumental value) has been increasingly 

used in applications of ESs to get at the dynamic nature of ES valuation (Baard 2019; Pascual et 

al. 2017).  

To date, ES literature has focused on “unidimensional” valuing of ESs based in economic 

valuation methodologies (Aguilar et al. 2018; Costanza et al. 2017; Olmstead 2009). However, 

“pluralistic” valuation approaches which incorporate the value-laden aspects of the valuation 

process itself; and the impact that power relations, politicization, and stakeholder relationships 

have on the value placed on the ES; is likely to be a more equitable way of incorporating ESs 

into conservation strategies (Pascual et al. 2017). This research begins the pluralistic valuation 

process for the FESDWQ in three watersheds in Michigan, by incorporating that relational value 

in the FESDWQ that is integral to future equitable management of the FESDWQ. 

3.0.1 Research Objectives and Questions 

The first research objective was to determine how stakeholder value in the FESDWQ is 

affected by interactional processes between stakeholder groups. To fulfill this research objective, 

the structure of the social networks, the roles that stakeholders have in their network, and the 

flows of resources and information were explored.  The second research objective further 

investigated stakeholder value of the FESDWQ by exploring how stakeholder groups impact the 
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FESDWQ in the three watersheds, and whether the interactions between the different 

stakeholders influenced the value that the stakeholders place in the FESDWQ. 

3.1 Methods 

3.1.2 Methodological Framework 

SNA is typically a quantitative methodology; however, qualitative data can also be 

incorporated to better understand network characteristics. A qualitative engagement of SNA is 

more suited to reflecting “the permeable, partial and dynamic nature of social networks” (Heath 

et al. 2009). SNA was employed in this research by incorporating qualitative interview data to 

further contextualize and strengthen quantitative SNA of the watershed networks. This mixed-

method approach adheres to the epistemological foundations of measuring the social 

constructions that describe social behavior.  

3.1.2 Methods 

Data Collection  

 Key stakeholders were recruited in seven stakeholder categories across all three 

watersheds (refer to Chapter 2, section 2.1.2 for specifics on data collection). During the 

interviews, information was collected on how often interviewees interacted with a list of 

stakeholders that was created a-priori through online research of each watershed. The exhaustive 

list of potential organizations, groups, and agencies within the watershed was narrowed to only 

those that may be involved in the functioning of the FESDWQ, but also are involved or impacted 

by forests and water resources in general (Table 7). The list was updated and edited for each 

watershed as interviews progressed based on feedback from the interviewees totaling to a list of 

36 stakeholders in AS, 49 in LGR, and 40 in DET.  
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Table 7: Stakeholder types included in 
stakeholder list for each watershed with 
the code assigned on the right. 

Stakeholder Types Code 

Universities A 

University groups A 

Federal Agency FG 

Environmental consultants I 

Forest Industry I 

Government affiliated NPO LG 

Drain Commissioners LG 

Government affiliated NPO LG 

Conservation Districts LG 

Tribal government LG 

Regional Planning Partnerships LG 

County Government LG 

Municipal Government LG.M 

Umbrella NPO N 

Advocacy NPO N 

Special Interest NPO N 

Advocacy NPO N 

State Agency SG 

Water Utilities WU 
 

Each interviewee was asked how often they interacted with each group on the list ranging 

from 0 (never) to 7 (daily). Network data was collected for 8 interviewees in AS, 16 interviewees 

in LGR, and 6 interviewees in DET (30 out of the 42 total interviewees). When forest 

landowners and consumers were interviewed (only in LGR), instead of interactions, the 

interviewee was asked whether they recognized the group and whether that recognition included 

an understanding of the function of the group within their watershed. Interaction and recognition 

data were used for quantitative descriptive statistics and SNA.  

Data Analysis 

 Qualitative data analysis software (NVivo 12™) was used to code interview 

transcriptions. Two inter-rater reliability tests were performed during the analysis process to test 
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the external validity of the single coder, and coding was adjusted according to those tests. Open 

coding was used to allow for developing themes from the data completely through the analysis 

process (Creswell 2013).  

 Quantitative data were analyzed using the igraph package in the R programming software 

(Csardi and Nepusz 2006). Using the spreadsheet data from the interviews, the networks of the 

stakeholders linked to forests and water quality were visualized by creating sociograms for each 

watershed (a graphic representation of actor/stakeholder interaction and recognition links). 

Descriptive statistics were performed on the interaction data for each watershed of each 

stakeholder on the list: Any stakeholder without a single interaction was dropped from the list. 

Network statistics were performed on the three watersheds using the local metrics (individual 

node metrics) of geodesic distance and degree; and using global metrics (network metrics) of  

degree centrality, closeness centrality, and betweenness centrality (Table 8). Centrality metrics 

are a measure between 0 and 1 and are reported as a percentage, and a clustering coefficient was 

applied to the networks to view any clustering of nodes (Rochat 2009; Wasserman and Faust  

 1994).  
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Table 8: SNA metric definitions (Csardi and Nepusz 2006; Rochat 2009; Wasserman and 
Faust 1994). 

Measure 

Level 
Metric Definition Measure 

Local 
Metrics 

Geodesic 
Distance 

The smallest number of ties to connect two 
nodes 

How many ties it takes each 
node to reach others 

 Degree The number of ties or links a node has 
How influential each node 
is on its neighbors 

Global 
Metrics 

Clustering 
Coefficient 

The probability that the adjacent vertices of a 
vertex are connected (also called transitivity) 

Extent clusters of nodes 
exist in a network 

Degree 
Centrality 

Normalized node degree centrality divided 
by the theoretical maximum  

Node connectivity (finds 
organizations with great 
influence on neighbors) 

Closeness 
Centrality 

Normalized node closeness centrality divided 
by the theoretical maximum  

Network connectivity (finds 
organizations who can 
contact whole network 
easily) 

Betweenness 
Centrality 

Normalized node betweenness centrality 
divided by the theoretical maximum  

Network flows (finds 
organizations whom 
information likely to pass) 
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3.2 Results 

3.2.1 General Network Overview 

 Stakeholder interactions in all three watersheds differed by stakeholder type, which 

dictates their overall function in the network (i.e., watershed). Non-profit Organizations (NPOs) 

served as the educators and communicators within the network, are project-oriented, and 

occasionally advocate for specific environmental issues. Local government closely resemble the 

roles of NPOs (excluding advocacy) with the goal of providing local services. Policy 

makers/enforcers set the foundation of the network with policies and policy enforcement. Water 

utilities provide drinking water and treat wastewater. Forest landowners go to NPOs, local 

government, and forest industry to fulfill their questions and needs. Industry provide specific 

services throughout the watersheds but are considered natural resource polluters. Consumers are 

the overall beneficiary of a cohesive network.  

3.2.2 Quantitative Results 

 State agencies had the most frequent average interactions across all three watersheds 

indicating that contact with state agencies occurs yearly, a few times a year, or monthly (Table 9, 

2.4-3.7). In AS, federal government, local government and NPOs had less frequent interactions 

on average, while industry and academic institutions had almost no interaction. Local 

government and NPOs had the greatest number of connections to other organizations.  

Stakeholders within the LGR interacted most frequently with state government, federal 

government, NPOs, and academic institutions in descending order. Like the AS, local 

government and NPO stakeholder groups had the greatest number of connections to other 

organizations in the LGR. Finally, stakeholders within DET interacted most often with state 

government, water utilities, local government, and federal government in descending order. 
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When looking at individual interaction data of each listed stakeholder, all watersheds had a 

regional NPO that was connected to 24-61 other organizations (Appendix B). The LGR and DET 

interviewees had, on average, monthly interactions with Drain Commissioners (or alternately 

called Water Resource Commissioners). Uniquely, the DET was the one watershed in which 

many interviewees had interactions with water providers (indicated as the water utility 

stakeholder category). Some of the stakeholders with fewer interactions are those that are tied to 

smaller or less central geographic areas (i.e., NPOs from less central subwatersheds or county 

government agencies whose counties are only partially within the watershed). 

 AS, LGR, and DET stakeholders were connected to one another within each watershed 

with an average degree of 6, 10, and 6 respectively (Table 10). On average, stakeholders in AS, 

LGR, and DET were connected to all other stakeholders within the network with an average 

Table 9: Summary statistics of interaction data. "N" is the number of people who 
answered questions about stakeholder interactions per watershed. "n" is the number of 
stakeholders in that category multiplied by N. In AS, no one reported any interactions 
with water utilities (na). 

Code 

 Watershed 

  AS (N=8) LGR (N=15) DET (N=6) 

Stakeholder 

Type 

Interaction 
(avg.) * 

std. 
dev. n 

Interaction 
(avg.) * 

std. 
dev. n 

Interaction 
(avg.) * 

std. 
dev. n 

A 
Academic 
Institution 

0.81 0.44 16 1.91 0.47 75 1.75 0.32 24 

FG 
Federal 

Government 
1.50 1.05 32 2.75 0.66 60 1.96 1.51 24 

I Industry 0.38 0.35 32 1.89 0.47 75 1.70 1.39 30 

LG 
Local 

Government 
1.26 0.99 80 2.62 1.00 195 2.10 1.41 48 

NPO 
Non-Profit 

Organization 
1.99 0.75 80 1.96 0.88 255 1.67 1.02 78 

SG 
State 

Government 
2.44 1.47 32 3.71 1.61 45 2.88 1.49 24 

WU 
Water 
Utility 

na na na 1.80 2.96 15 2.72 1.11 18 

Total 1.40 0.84 45 2.38 1.15 103 2.11 1.18 35 

* 0=never, 1=once, 2=yearly, 3=few times/yr, 4=monthly, 5=couple times/mo., 6=weekly, 7=couple 
times/wk-daily 
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geodesic distance of 2. The probability that nodes are clustered is highest in the AS (0.37) 

followed by LGR (0.27) and DET (0.24). The LGR had the highest degree and closeness 

centralities, while the AS had the highest betweenness centrality. Centrality measures over 50% 

in all watersheds indicated that there were groups with high influence (Figure 5). Quantitative 

SNA metrics were also applied to only those nodes of the stakeholders that were interviewed in 

each watershed: These sociograms and table can be found in Appendix C.  

Table 10: SNA local and global metrics of each network (watershed) 

  Local Metrics Global Metrics 

Network 

Geodesic 
Distance 
(Avg.) 

Degree 
(Avg.) 

Clustering 
Coefficient 

Degree 
Centrality 

Closeness 
Centrality 

Betweenness 
Centrality 

AS 2 6 0.37 53% 55% 30% 

LGR 2 10 0.27 63% 63% 29% 

DET 2 6 0.24 58% 48% 28% 
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Figure 5: Sociograms of the interactions between stakeholders in each watershed. There are three 
sociograms of the same network data. The difference visually is from layout structure: Top is 
tree layout, middle is circle layout, and bottom is random. Nodes are represented by circles in the 
graphs. Circle size represents the weight of the interactions (i.e., 0-7). Nodes are colored by 
stakeholder types. Gray lines are edges or connections between stakeholders.  
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3.2.3 Qualitative Results 

 During the open coding process of analysis, themes arose from the data that closely 

followed the theory of social capital (Table 11). Social capital has various definitions within the 

discipline of sociology: A frequent definition of social capital incorporates aspects that lead to 

effectively functioning social groups or "networks, norms, and trust" (Putnam 1993, pp 167; 

Floress et al. 2011).  

Social Networks 

A common aspect of SNA and social capital is designating “bridger” and “bonder” 

entities, or those groups that bring people together who do not previously know each other and 

those that bring people together who already know each other (Floress et al., 2011). Regional 

NPOs in all three watersheds are the common bridgers that make introductions between groups. 

In the smaller population of AS, groups know of each other and often sit on each other’s boards. 

In LGR, groups are all very interconnected, but smaller less influential groups may be forgotten 

or not included as much as they wish. In the large population of DET, categories are very 

connected thanks to large regional partnerships of similar stakeholders that are organized by 

watershed area. NPOs facilitated the sharing of information in each watershed (“disseminators”), 

with local conservation districts often being sources of information for the general public and 

forest landowners in LGR and AS. DET had a more complicated information dissemination 

network which included more actors playing a disseminator role, however, those roles are well-

defined (Table 11). 
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Social Norms 

Interviewees perceived a culture of helpfulness, shared values, and proactive action 

within their watersheds as norms that do (or would) facilitate the functioning of the whole social 

group. All watersheds showed a general willingness of stakeholder groups to help one another as 

evidenced by many examples of different stakeholders working together on projects. Also, 

stakeholders (policy makers, NPOs, and local government) showed a willingness to understand 

groups by listening to their needs and engaging with them at their level: “One thing I love about 

this job is I like to hear people, not complain, but to hear the different levels of complaints and 

how important it is to them and then you put that on a list and go, ‘hey, this is important’” (PM, 

LGR). Whether helpfulness is consistently achieved or equitably applied is not always clear. 

However, 13 different stakeholders across the three watersheds mentioned that time and staffing 

constraints may prevent them from working with other groups or helping when needed. The 

helpfulness culture exists, but the default is to separate into the functional roles of each 

stakeholder type. Being helpful is also dependent on effective communication. In LGR, one NPO 

mentioned that two local government units were not very good partners because of 

communication failure: “If I ask more than once and they don’t respond I am not going to ask 

again…I am disappointed they have not been more involved with us.”   



 
59 

 

 

Table 11: Social capital by watershed 

Social Capital: Aspects that lead to effectively functioning social groups or "networks, norms, and trust"                                  
(Putnam 1993, pp 167; Floress et al. 2011) 

Aspect of Social Capital Aspect Measure 
Watershed 

AS LGR DET 

Social Networksa         

A set of social structures made 
up of social actors (a.k.a. 
stakeholder categories) 

Bridgers (bring groups together that 
do not previously know each other) 

Larger regional NPOs do this in all watersheds.  

Bonders (bring groups together who 
already know each other) 

Structure of network 
facilitates group 
bonding; mostly within 
stakeholder categories. 

Groups know each other 
and work together, but 
smaller groups can 
become isolated. 

Categories are intra-
connected. 

Disseminators (spread information 
easily throughout network) 

CDs and NPOs 
disseminate information 
to public and notify 
influential groups when 
action is needed. 

CDs and NPOs both 
work on public 
awareness and 
communication. 

NPOs provide info to 
public, regional 
planners provide info to 
NPOs, and LG provide 
info to policy makers. 

Powerful Players (have the most 
influence in the network) 

PMs, NPOs, LG, FL 
(State and Private 
Industrial), and Army. 

PMs, DCs, and NPOs. 
Regional planners, PMs, 
and funders. 

Changers (drive and implement 
change) 

NPOs and CDs. 
Individual leaders can 
be driver for change. 

NPOs and PMs. 
Individual leaders can be 
driver for change. 

Collective PMs and 
NPOs drive change but 
do it separately of each 
other. 

Diversifiers (ensure diversity of 
voices driving decisions) 

Regional NPO actively 
seeks diverse voices. 

NPOs are active 
diversifiers; many 
groups include diversity 
in their missions.  

NPOs bring diverse 
groups together with 
goal of better decision 
making (decisions may 
or may not be 
achieved). 
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Table 11 (cont’d)     

Social Normsb         

Unwritten rules of acceptable 
behavior 

Helpfulness (how helpful are 
groups?) 

Groups willing to help 
one another but working 
together not always 
desired.  

A helpfulness culture 
persists but working 
together not always 
achieved. 

Groups tend to separate 
into their constituent 
roles but still interact.  

Value Consensus (is there a culture 
of shared values?) 

Groups share the value 
of keeping the Au Sable 
pristine.  

Shared values differ 
from urban to rural and 
within different sub-
watersheds. 

This is desire. Groups 
separate into own values 
when doing projects. 

Proactive vs. Reactive (Do people 
value long term benefits over short 
term gains?) 

All watersheds have the desire to be more proactive in their projects, goals, and 
policies. LGR had some concrete examples of doing so, but mainly the 
watersheds are solely reactive. 

Trustc         

Trust is the willingness to be 
vulnerable/rely on others, and 
includes a confidence that 
expectations will be met 
(Rousseau et al. 1998) 

Risk (probability of loss from failed 
expectations) 

All watersheds showed the public trusts NPOs and county government (over 
municipal or SG) to share information. WUs and PMs trust SG overall. LGR 
COs and NPOs have more trust in their municipal gov. compared to other 
watersheds. 

Interdependence (reliance upon other 
stakeholders) 

Stakeholders rely on 
each other because they 
are so interconnected. 

Stakeholders rely greatly 
on one another. 

Stakeholders rely on 
one another due to 
stakeholder function 

Familiarity (knowledge of and 
experience with other stakeholder 
groups) 

Stakeholders familiar 
with one another; but 
PMs, WUs, and 
municipal separate. 

Key stakeholders 
frequently interact, but 
subwatershed groups on 
periphery. Periphery is 
connected to the whole. 

Stakeholders have 
knowledge of one 
another and share 
resources. 

Measures partly adapted from a. Buckingham et al. 2018, b. Narayan and Cassidy 2001 c. Mase et al. 2015 
CD: Conservation districts; LG: Local Government; PM: Policy Maker; FL: Forest Landowner; DC: Drain Commissioner; CO: Consumer 
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 Not all parts of these watersheds feel equally represented. This was especially present in 

the AS as explained by an interviewee: 

“The [X] and [Y] have been around a long time. They’ve been working on 

conservation projects in our area for years. Nobody picked out or pinpointed our 

[subwatershed]. The Au Sable watershed is so huge: It almost goes from one side 

of the state to the other. There’s no way that they know what’s going on this end. 

They didn’t take particular attention over here, either. It’s probably gotten more 

attention since we’ve been on board” (NPO, AS). 

In the AS, interviewees on the eastern edge of the watershed felt isolated from the broader 

watershed community. There were examples of stakeholders working together on the eastern and 

western sides of the watershed but they are less connected as a unit. In DET, there were 

examples of one county lagging behind other watershed counties in both watershed and 

environmental management due to budget and resource constraints. One interviewee in the DET 

said “[X] county is behind the times compared to [the other counties in the watershed] when it 

comes to watershed management. They’re barely trying to make financial ends meet and this 

piece of it is on the side burner” (WU, DET). 

Interviewees consistently mentioned the importance of having a culture of shared values 

to implement conservation projects. In the AS, there is a strong sense of identity in the sanctity 

of what many referenced as the “holy waters” of the Au Sable River, and stakeholders share this 

drive to keep those waters pristine. There is not always agreement on how to achieve this goal, 

and there are both historic examples of different NPOs at odds with one another and current 

disagreements, but the AS has a shared value and identity. This shared identity can be leveraged 

to quickly mobilize stakeholders to collaboratively address river water quality issues. One such 
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instance was a recent pollution loading caused by a fish hatchery: A united front of NPOs and 

local government collaborated to address and resolve this issue. One AS resident from a local 

NPO reflected on this sentiment in a current online blog: 

“What did it take to reclaim this river, the Crown jewel of Michigan’s trout 

streams, and what does it take to protect what we have achieved? The answer is a 

coalition of conservation and environmental interests, setting aside their 

competing concerns, and working over the years to achieve what we have now: 

the number one wild trout destination east of the Mississippi. And that’s my point: 

by working closely together, the “hook-and-bullet crowd” and the “tree huggers” 

can’t be beat on issues that affect our natural resources and environment, 

especially when it comes to water. If we are divided, we are weaker because of it” 

(Baird 2019). 

The shared value in the AS is perceived as eroded by the presence of a large seasonal 

(summer) population which prioritizes recreation. Full-time residents of AS postulate that 

these people “are not interested in water quality. They are interested in coming up for the 

weekend, partying, having a bonfire, going out on a pontoon, waterskiing; and then they 

go home” (NPO, AS). 

Unlike AS, DET does not have this strong shared pride in their river and surrounding 

land. In fact, there is an opposite perception: The Rouge river is viewed as a historically polluted 

water body. Many DET stakeholders mentioned this perception of a polluted river as a 

motivation to clean it (they have made many strides in the past decades in during this). The 

shared value of restoring a polluted river mimics the AS shared value of keeping a river pristine. 

One NPO mentioned that while there may not yet be value consensus, “the watershed groups 
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themselves really create shared value, because you have membership from corporations, 

individuals, businesses, government officials, etc.” There may already be a shared value of 

protecting human health, but it is expressed differently by stakeholder goals. If stakeholders 

would recognize their shared value, they could foment positive change:  

“[NPO] goal is to improve the watershed and to make it a more beautiful place to 

live and increase quality of life. The folks at [local government] goal is to get out 

of debt and to have more people live in [the area] and pay more taxes. We have 

different ultimate goals, but it’s how we both get to that goal. Because I think 

there’s a lot of shared value that happens and we don’t really think about that in 

the broader scale” (NPO, DET) 

 In the LGR, shared values across a social network may exist in smaller geographic 

extents like sub-watersheds. In the city of Grand Rapids there is a shared value of the importance 

of city trees which has led to a stakeholder-wide goal of increasing the urban forest canopy cover 

by 40% (policy makers, NPOs, water utilities, and consumers all mentioned this). In the more 

rural areas of LGR there is a shared value of hunting and fishing (LG, LGR). While there may be 

slightly different values throughout the watershed, one interviewee remarked there is an 

overarching value called “West Michigan Values” described as a sense of pride in the region and 

wanting to live, work, and play in this attractive western end of the state. This value is centered 

in the importance of water for recreation.  

 Some stakeholders in all watersheds lamented that they could not achieve more proactive 

actions in their watersheds, and they often default to reactive responses to forest and water 

quality issues instead of incorporating proactive goals and policies in their visioning of the 

future. Being proactive requires resources (i.e., staffing and funding) that private and public 
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stakeholders rarely have, however, one of the counties within LGR and one of the counties 

within the DET had the resources and vision to incorporate many proactive environmental 

measures into their policies and projects. While being proactive was a desired characteristic of 

all watersheds there was some frustration shown by stakeholders in humanity’s inability to think 

proactively about the natural environment (including ESs): “There’s a value to protecting this 

area that goes far beyond what people are thinking about especially because it’s long term. But 

most people don’t think long term: They don’t think of things in terms of an ecosystem, much 

less ecosystem services” (NPO, AS). 

Trust 

Trust was an important factor in the frequency of interactions between stakeholders. The 

AS had examples of public distrust of the federal government. One interviewee explains that this 

distrust could come from a general dislike of the government, “but it is also probably based on 

history of experiences: It takes so long to undo one or two bad experiences” (federal government, 

AS). However, in Northern Michigan and the UP there are also large populations of people who 

trust both state and federal government because public jobs make up a large portion of the local 

economy (LG, AS). Being involved in a community with boots on the ground increases trust, but 

once trust is eroded it is hard to get back. Trust was eroded when stakeholders engaged in bad 

practices or had bad experiences together. During the social interaction section of the interviews, 

interviewees would often comment “oh we do not work with them anymore” or “oh we just do 

not work well together.” Trust was also eroded when there was a lack of interaction between 

stakeholders. One NPO in LGR commented that they had tried to contact an organization many 

times, but after repeated attempts and not hearing back from this other group, they decided they 

would not want to work with this other group in the future.  
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Across all watersheds, interviewees perceive that the public and landowner trust is placed 

in NPOs and local government like county conservation districts. These groups are the ones that 

are interacting often with these demographics, thereby increasing familiarity. Water utilities and 

policy makers generally trust state government to do their part: these groups are also the ones 

that are very familiar with state government because they have almost daily interactions with 

them. NPO interviewees mentioned that they are the group that can bridge trust between 

stakeholder groups. When asked how NPOs build up trust, one interviewee answered, “It takes 

time. It takes effort and demonstrating through work that you do what you say you’re going to do 

and have results that are meaningful, highly impactful, and reflect the needs of the landowner, 

the needs of the agency, and the needs of the water or the forest” (NPO, AS).  

Miscellaneous Themes 

 There were some other notable themes that came out of the interview data. Competition 

between stakeholder groups existed in all watersheds in varying degrees. When limited funding 

was available, there was an increase in stakeholder competition.  One NPO in the AS mentioned 

that NPOs within the watershed compete for available funds on river projects. In the DET, one 

NPO mentioned that groups spring up in answer to funding fads (e.g., raingardens), but when the 

popularity of the fad wanes, funding to keep these programs running decreases making applying 

for those decreased funds more competitive. Overall, in the DET there is not competition:  

“There’s a wide variety of quality and knowledge about ways that you’re 

supposed to do this work…when you’re looking at your programs and you’re 

looking at the need in the community and whether or not what you want to do is 

actually viable, you’re not competing at too many levels with others. But when I 

see other groups that haven’t done this kind of work before taking over our 
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territory, I do feel a little upset about it. I have to constantly remind myself that 

there’s so much work to be done” (NPO, DET).  

In the DET, there is this sense that there is so much work to be done, therefore the more groups 

doing work in the watershed, the better. In the LGR, when asked about implementing a potential 

payment for ecosystem services (PES) program that incorporates the FESDWQ, a couple 

interviewees mentioned that the watershed has already reached stakeholder group saturation: 

“There are so many partners already working here, people get nervous when new partners want 

to come in” (NPO, LGR).  

 Interviewees in all watersheds and industry mentioned the importance of individual 

organization leaders in promoting efficiency and cohesion between stakeholder groups. Leaders 

with strong values facilitate positive work in the watersheds. In the LGR, one local parks 

department is “not your typical parks department…I don’t know if it is just because of their 

leadership but [x] has a very strong environmental ethic” (NPO, LGR). On the other hand, a 

perceived bad leader inhibits the function of an organization: “They are in trouble because they 

don’t have a good leader” (FL, LGR). The industries that were interviewed all had environmental 

departments that were well established. All three industry interviewees said that their companies 

(all of which with thousands of employees) have been so effective in sustainability because of 

leadership. In the AS, a divisive or incompetent leader led to historic examples of different 

stakeholders being unable to reconcile differences and work together. Contrarily, there are 

examples of these differences being rectified in the current years because of changes in 

leaderships.   
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Figure 6: Schematic of stakeholder flow of influence, impact, and reliance on the FESDWQ. Each blue circle is a 
stakeholder category. Blue arrows (both uni and multi directional) indicate stakeholder influence impressed on each 
group. Green arrows represent combined influence and impact each stakeholder has on the FESDWQ. Rectangles 
summarize interviewee data 
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Network impacts on the FESDWQ 

Stakeholder categories have various impact, influence, and reliance on the FESDWQ 

(Figure 6). This influence (or the ability to make decisions and change behavior regarding the 

FESDWQ), reliance (or the degree of which a group depends on the FESDWQ), and impact (or 

activities that effect the FESDWQ) all have various implications to the FESDWQ.  

State regulators or any group whose power is backed by regulating practices are 

perceived as having the most influence over the functioning of the FESDWQ. Whether this 

power is considered as positive or negative is a different matter. Local government and water 

utilities respect this relationship between the local to state government because the state 

regulators are trusted as the ultimate expert on forest and water resources. In that sense, local 

government see the state as a positive influence on the FESDWQ because they are the only ones 

ensuring its protection. However, this sentiment is not mirrored by forest landowners and 

consumers: These groups do not trust regulators to safeguard forest and water resources. One 

NPO, federal government, and local government interviewee perceived this distrust as a reaction 

from bad experiences in the past where state regulators failed to protect natural resources or 

listen to landowner and consumer interests. NPOs in all watersheds understand that the 

incorporation of ESs into regulation is a difficult thing to do. No one is highlighting this link 

between forests and drinking water; however, regulators and policy makers are perceived as 

having the ultimate responsibility for the FESDWQ:  

“I guess the policymakers seem to have disproportionately high influence over 

everything as opposed to the citizens or the people drinking the water or the 

landowners. That is a big responsibility to be considered for those types of things 

like preserving forest land for those ecosystem benefits” (NPO, LGR).  
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Stakeholders recognized that incorporating ecosystem services into regulatory 

frameworks is difficult. Overall, NPOs view the state as doing a good job with this given a 

difficult task, however, they add that more work should be done. Policy maker influence may not 

always be equitable: “Depending on whether or not they [policy makers] tend to tilt the policy 

making in favor of one or 2 of these groups at the expense of one or 2 of the others [speaking 

about stakeholder categories], they can do the most good and they can do the most harm” (AS, 

NPO). Interviewees in LGR and DET mentioned that the laws, statutes, and ordinances need to 

be updated to include a better protection of water resources. For example, “The disproportionate 

impact comes from the legal aspect where our statutes and laws and constitutions have not kept 

pace with technology, people, processes, and other things going on in our life today…we have a 

different viewpoint now than when that was written on how to manage water (WU, LGR).”  

Influence toward the FESDWQ ended up being measured by whether a group can 

pressure or influence policy makers. Industry was perceived as having a high impact on the 

FESDWQ because of the potential of their practices impacting both local forest and water 

resources, depending on the type of industry. Those that have National Pollution Discharge 

Elimination System (NPDES) permits under the Clean Water Act directly impact water quality. 

Forest industry has a very direct impact and some industries of various types may even own 

substantial forest land (i.e., energy companies own forest land in the AS, DET, and LGR). These 

impacts are largely dictated by regulation and enforcement of that regulation by policy makers. 

Interviewees perceived that industry has a strong ability to pressure policy makers to write policy 

that supports industry desires. Industry is not the only stakeholder with influence: “Industry is 

the easiest one to target and say ‘you’re the problem, you’re the ones creating all these policies,’ 

but forest landowners are also really big in influencing how policymakers and enforcers create 
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the rules in which they are supposed to be enacted” (NPO, DET). Landowners were perceived by 

multiple stakeholders across all watersheds as greatly influencing the FESDWQ because their 

individual forest practices will impact the FESDWQ, and they have this ability to influence 

policy maker decision-making. On the other hand, policies and regulations on landowners may 

not be conducive toward preserving the FESDWQ: “In Michigan, a landowner can clear cut their 

entire property. There are some laws that prevent them from cutting to the shoreline or river or 

lake, but enforcement of those laws is sometimes very light. I think landowners have the highest 

potential of impact” (AS, NPO).  

Policy makers have the largest influence because “everyone has to fall in line” (NPO, 

DET), but not everyone has to comply equally because industry and landowners are able to lobby 

policy makers against regulations or regulators fail to police regulations (CON, PM; LGR). 

Industries can have ranging values toward the environment and sustainability (industry 

interviewees considered themselves as environmentally sustainable) which may motivate them to 

go above and beyond by investing in conservative practices within their organization and in their 

communities (none were directly related to the FESDWQ), but ultimately their actions are based 

in “business value: you have the economic side and you have the regulatory side. When we 

manage our forests, we are predominantly looking into those two buckets. You can make money 

from your resources, but you also must follow all regulations” (I, statewide). 

Water providers must follow the federal regulations from the Clean Water Act and Safe 

Drinking Water Act so their influence on the FESDWQ is also largely dictated by policy 

enforcers. Bigger water utilities have more influence then smaller water utilities, and often 

enforcers must put a lot of pressure on the bigger utilities “to get them to fall in line” (PM, 

LGR). The public works affiliates (both drinking water and wastewater service groups) are not 



 
71 

 

actively thinking about this link between forests and drinking water quality because their priority 

is in providing services, but this apathy toward the FESDWQ does not translate to negatively or 

positively impacting the FESDWQ because those services are perceived as disconnected from 

the ES (DET, LG).  

NPOs and local government have a high impact on FESDWQ because their projects are 

focused on conserving natural resources and ecosystems. Interviewees overwhelmingly 

perceived NPOs as having the highest positive impact in all these watersheds. Local government 

and NPOs also can influence the behaviors of the landowners and consumers to preserve this 

FESDWQ, and NPOs can influence policy makers and decision makers by applying pressure. 

Consumers have influence toward policy makers and other elected officials because they are the 

constituents that those individuals represent (adequate representation may vary). However, 

forests and drinking water is not something they ever pressure their elected officials to do 

something about (refer to section 2.2.3). Consumers can be environmentally minded. They may 

organize to address water quality and forest resource issues within the watersheds; in fact, this is 

how many of the NPOs were founded. Many interviewees said that consumers are the group that 

rely on this FESDWQ the most, but also perceived that this group has the least influence in 

making decisions regarding this FESDWQ. 

Relational Stakeholder Interaction Affecting Value in FESDWQ 

While there were no direct examples of value in the FESDWQ being changed by 

interactions among stakeholders, there is evidence that the actions of one stakeholder can shape 

how other stakeholders perceive forest and water resources. For example, an NPO and local 

government showed some frustration with one of the practices of their county drain 

commissioner because that practice shaped the way that landowners perceived clean water:  
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“It does not help that the drain commission comes in and bites out a big piece of 

forestland right along the drain edges, so people think, “Oh they really cleaned it 

up, and it looks great now, and water can move through there.” It gives people the 

opposite impression that we want to give people: It gives them the opposite 

message that we want to give.” (LG) 

The drain commissioner practice caused people to perceive an unobstructed flow of a river as a 

good thing when the opposite is true. Downed trees, meanders and debris in the river leads to a 

healthy river that supports wildlife and other ecosystem functions.  

3.3 Discussion 

 On average, interviewees in all three watersheds interacted with state government the 

most frequently. All watersheds had regional NPOs that were influential on watershed networks; 

and all watersheds had centrality measures that were over 50% suggesting there are stakeholders 

with high influence over other groups, which the qualitative analysis also corroborates. NPOs 

often acted as both bridgers and bonders in the three watershed networks, and conservation 

districts had more influence in the rural AS while Drain Commissioners had more influence in 

DET and LGR. All watersheds had examples of stakeholders working together and helping one 

another, of shared values leading to achieved goals, and proactive over reactive behavior (yet 

reactive behavior overwhelmingly dominates within all three watersheds). While there are 

examples of these social norms in each watershed, they do not always characterize these 

watershed networks, but they are all desired characterizations.  

 There are examples of periphery stakeholder groups feeling isolated within the LGR and 

the AS. Trust in all watersheds was placed in NPOs over any other stakeholder group with 

examples of familiarity increasing trust and unfamiliarity decreasing trust. Funding and resources 
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are limited for all stakeholder groups, and that limitation can lead to stakeholder competition. On 

the other hand, niche speciation, or stakeholders organizing into their structural roles, within the 

watershed networks decreases competition. A watershed network can reach a steady state of 

stakeholders like the LGR where an addition of a new group would need to be very careful not to 

disrupt the network and create conflict by slighting those groups working on similar projects. 

The amount of watershed work that needs to be done in the DET results in an appreciation for 

any group trying to address watershed issues, however, stakeholders still get frustrated when 

groups encroach on one another’s territory. Finally, policy makers have the ultimate perceived 

responsibility for the FESDWQ and the ability to do the most good or the most harm. The ability 

to conserve the FESDWQ was perceived by interviewees by how much influence groups have on 

policy makers. 

 In both LGR and AS, there was one example of an NPO on the periphery mentioning a 

feeling of isolation from watershed governance. The NPO in LGR is comfortable with this 

isolation, but the NPO in the AS is frustrated with this isolation. In the AS, this isolation was 

indicated by more watershed projects and stakeholder interactions occurring on the western side 

of the watershed over the eastern side. The state and federal protection acts of the Au Sable River 

may have led to this western/eastern disconnect. For example, the federal “Wild and Scenic 

River” portion covers 23 riverine miles in the eastern middle section of the Au Sable River 

between the Mio and Alcona Dam Ponds. The “Michigan Natural Rivers Act” protection cuts off 

right before the western edge of the watershed as the AS flows into Iosco County. The Natural 

River Plan written in 1987 and updated in 2002 to manage the Au Sable in response to these acts 

explicitly leaves out the eastern edge of the watershed (DNR 2002). Past policies and projects 

within a watershed can impact the relative influence of stakeholder groups. Recent bridging work 
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in the AS has worked to include diverse voices in watershed goals, but it is important for 

watershed groups to identify those groups that are on the periphery, why they are on the 

periphery, and work to actively engage them in the entire watershed decision making process (or 

be the diversifiers of Table 11) (MacKinnon 2018).  

 It is not surprising that shared value was a desire of stakeholders in all watersheds. 

Previous research demonstrates the importance of value consensus in the environmental 

decision-making process (Pielke 2007; Stanghellini 2010). The AS shared value was conserving 

the pristine waters of the Au Sable River, but the Rouge River in the DET was perceived as 

polluted even though it has been dramatically restored from past degraded levels. The perception 

of a polluted river versus a pristine river impacts the enjoyment of the river (Davenport and 

Anderson 2005). The previous chapter found that experience within or enjoyment of a river can 

lead to a higher value placed in that resource which may explain more value consensus in the AS 

versus the DET. The LGR also has difficulty attaining a culture of shared value because it not 

only has different values of stakeholder functional types, but also more diverse land cover types 

within the watershed. As the ecological saying goes, “biodiversity begets biodiversity:” In the 

case of LGR, diverse land types beget diverse stakeholder values making value consensus, which 

is important for cohesively working watershed networks and solving challenging regional 

environmental issues (Batie 2008), trickier to attain. Regional organizers, who organize groups at 

the watershed level, can be effective in reaching separate stakeholder groups and promoting 

shared values. 

Structuring and scaling political and organizational boundaries can have a marked impact 

on environmental governance. In fact, “rescaling” governance to smaller local units has become 

a trend in the last decade (Cohen 2012). Watersheds have been suggested as a comprehensive 
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boundary for re-scaling because “socially constructed” watersheds bring together stakeholders 

with diverse values and goals into a cohesive unit (Cohen 2012). The three watersheds in this 

study both adhere to this point and augment it. Governance is not organized by watershed 

boundaries in any of the watersheds, however, DET has examples of “alliances” or “councils” of 

municipalities and policy makers that have organized at the watershed level. LGR does not have 

this but they do have an NPO that functions similarly by organizing resources for all smaller 

units within the LGR. Existence of these organizations builds a watershed’s capacity for solving 

complex issues, employing rapid responses, and diversifying stakeholder engagement (Cohen 

2012). The watershed structure has great potential for employing forest and water conservation 

in these watersheds by stimulating stakeholders to work more effectively with one another. For 

example, one NPO in DET mentioned that stakeholders get close to effective collaborations with 

local government about water quality issues: They could easily unite if they were able to 

combine the local government goal of increasing public health and the economy with the NPO 

goal of preserving the watershed. Rescaling governance to the watershed level could be one way 

to more easily merge seemingly competing goals and values to accomplish a unified vision that 

includes the preservation of the FESDWQ. In fact, a dozen Interstate River Basin Commissions 

which acknowledge geographical boundaries of basin-wide watersheds over individual state 

political boundaries are present in the US with the Delaware River Basin Commission being the 

original and most successful of these commissions by facilitating trust, cohesiveness, and 

minimizing disputes between stakeholder groups (Kauffman 2015). 

Rescaling environmental governance to watershed boundaries may be an important next 

step for the watersheds in this study (recognizing the challenging bureaucratic steps required), 

but a watershed boundary can be subjective and the scaling that is chosen will have implications 
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on environmental governance. For example, LGR is within the Grand River Watershed, which is 

part of the Great Lakes Basin, and LGR is made up of 31 smaller subwatersheds. Choosing the 

right scale is important and should include stakeholder input and participation. Also, scales have 

an impact on ecosystem services, and quantifying that impact is important for protecting them 

equitably for those who benefit from them (Naeem et al. 2015). Understanding how watersheds 

at different geographic scales interact politically, economically, and socially is important for 

these watersheds. Also, all three of these watersheds are within the Great Lakes Compact of 

2008 which is an interstate and international commission of the entire Great Lakes Basin 

(Kauffman 2015). Leveraging membership within Great Lakes Compact boundaries (i.e. basin-

wide) and increasing smaller-scaled watershed governance could increase stakeholder 

collaborations, trust, and facilitate conservation.   

The perceived desire for proactive behavior is consistent with environmental ethics 

literature on the nature of solving environmental issues. In the complex problems that arise in 

sustainably managing natural resources, environmental action and behavior is often inhibited by 

the tendency of humans to prioritize or value short term gains over long term benefits 

(DesJardins 2013). This tendency is problematic when it comes to facilitating a network that 

protects ecosystems or ESs because most environmental conservation is based on long-term 

benefits. Tapping into this network desire for proactive behavior will be necessary to adequately 

incorporate ESs into management goals. In this case, the shorter-term the adoption of proactive 

behavior the better. One way to build on this network desire is to leverage the trust that is placed 

in certain stakeholders in the watershed.  

Trust is a necessary aspect of social capital which can limit discontent, reduce disorder, 

facilitate action, and once entrusted must be consistently upkept (Davenport et al. 2007). 
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Rousseau et al. define trust as the “willingness to be vulnerable” or rely on others which includes 

a “confidence that expectations will be met” (pp 395). Trust came up during the interviews when 

participants described watershed networks and stakeholder interactions. In general, people do not 

trust the federal government, and this mistrust often bleeds into general mistrust of government 

institutions (state, policy makers, and municipal) (Mase et al. 2015). This research is consistent 

with stakeholders mistrusting government institutions, however, there was evidence that 

stakeholders who interact with government agencies increase their familiarity with these 

institutions increasing their trust in them.   

NPOs within the watershed are positioned within all three watersheds to bridge the gap in 

trust that forest landowners and consumers have of government agencies. NPOs often work with 

government agencies in some capacity, and while they do not always agree with government 

methods, they do trust these institutions overall. In fact, NPOs may be uniquely positioned to 

influence decisions made about the FESDWQ within the watershed networks because they have 

high social capital: They have stakeholder trust; they have influence on industry and policy 

makers; they influence consumer and landowner behavior; and they are network disseminators, 

bridgers, bonders, powerful players, changers, diversifiers; and they even create a culture of 

shared values. NPOs have a significant potential of fomenting positive influence on the 

FESDWQ.  

There were no direct examples of stakeholder interactions influencing stakeholder value 

placed on the FESDWQ from any of the interviews; and maybe that is because people are not 

thinking about this link between forests and drinking water quality; but there is evidence that the 

actions of one stakeholder can shape how other stakeholders perceive forest and water resources. 

While the interactional value of the FESDWQ is unknown, Figure 6 provides a potential 
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mechanism for translating stakeholder group values and provides an idea of how to employ that 

mechanism if there was a watershed goal of preserving the FESDWQ. Value in the FESDWQ is 

uniquely positioned to be shaped for future conservation, and this research’s characterization of 

the relationships of watershed stakeholders could be an important tool for watershed governance. 

3.4 Further Research 

 A survey-based SNA on all stakeholders that are involved in the FESDWQ would allow a 

complete view of these social networks. On the other hand, the rich data that this research 

provided proves this qualitative SNA approach could be employed in other watersheds across the 

US. Further studies can also explore watershed capacity by investigating whether rescaling 

governance by watershed will promote better adaptive management or overall regional 

governance. Regional values should be explored further in Michigan. There is evidence that 

there is a western to eastern divide in the state. While this western to eastern divide was evident 

in the AS, the western LGR watershed also mention the importance of “West Michigan Values.” 

How do these large regional values impact governance, environmental management, and ESs? 

Perhaps both these research questions could be addressed with environmental place-based 

approaches. Additional research of Michigan watersheds by land use type (mixed, urban, 

agricultural, forested, etc.) would allow for further comparisons of themes and even include 

replicates of these conditions increasing research validity. 

3.5 Study Limitations 

 It is important to note that the quantitative SNA was based on a low sample size 

compared to each of the stakeholder lists that were created (22% in AS, 32% in LGR, and 15% 

in DET). To get a complete view of the watershed networks related to forests and water quality, 

a more complete survey of the stakeholders within each watershed is needed. Interpretation of 
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the sociograms are limited by this, however, they are helpful in visualizing parts of each 

watershed network. Another limitation was that some voices of those stakeholders that were 

mentioned as key stakeholders were not interviewed due to failed recruitment. This included a 

watershed NPO in LGR, a federal agency in AS, and a water provider in DET whose 

perspectives would have enriched the results. Fewer consumers and forest landowners in the AS 

and DET were interviewed (landowners were interviewed in all watersheds, but consumers were 

not interviewed in DET or AS). Interviews captured attitudes of these groups, but alternate 

methods of understanding these values, like comprehensive surveys and multiple focus groups 

may be a better method of measuring their value.  

 Feasibility and time constraints led to dropping participant observation as a research 

method, however this method may have been better suited for observing stakeholder relational or 

interactional value placed in the FESDWQ. Interviews do not allow for observing value placed 

in action or observations of social interactions. 

3.6 Conclusion 

Leveraging trust, incorporating leadership, adapting to changing funding priorities, 

creating shared value, listening to diverse perspectives, exhibiting proactive goals, and 

organizing regional planning are just some actions found in this study that increase social capital 

of watershed networks. High social capital availability within a network provides capacity for 

effective ES management. This research reveals the complex relationships that stakeholders have 

with the FESDWQ, provides clarity to those relationships, and begins to explore the necessary 

ingredients for potential incorporation of the FESDWQ into natural resource management and 

decision-making. The themes discovered in this research are not limited to only the FESDWQ 

but can apply to general ESs and other forest and water quality issues. Innovative solutions to 
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complex environmental issues and emerging environmental crises are necessary to increase 

resiliency of the coupled nature and human environment.  
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CHAPTER IV: CONCLUSION 

 As one interviewee from a Detroit non-profit organization explained, a forest is to a 

watershed as a kidney is to a body: As the kidney filters waste products from the blood, absorbs 

excess fluids, and regulates fluids; forests filter wastewater, absorb excess water, and regulate the 

flow of water in a watershed. As the kidney is vital to a healthy body, forests are vital to a 

healthy watershed. Filtering, absorbing, and regulating water flow are all regulating FESs. While 

these services are not always perfectly understood, they are highly valued by key stakeholders in 

the AS, LGR, and DET watersheds. The FESDWQ is a forest provisioning service. Forests 

provide clean drinking water to over 4.6 billion people (that is over 60% of the world’s 

population) (MEA 2005). Considering the high value people place in drinking water (Olmstead 

2009) and forests’ critical role in providing that service (Ellison et al. 2017; Postel and 

Thompson 2005),  it is incongruent that the FESDWQ (with the exception of a couple novel 

cities and provisions of the Safe Drinking Water Act), goes largely unrecognized (Weidner & 

Todd 2011). Nearly half of the interviewees in this study associated forests with drinking water, 

but over half mentioned that this connection was not something they typically think about (if at 

all). This is worrisome because a lack of value place in an ES can lead to its degradation 

(Meyfroidt et al. 2014). The FESDWQ operates in the unseen and intangible functions of the 

watershed. When a forest is degraded or clear-cut and the natural filtering systems disappear, the 

human filtering systems can be overwhelmed.  

 The positive externalities, or unvalued benefits, of healthily functioning forest 

ecosystems degrade when managers prioritize tangible goods over intangible ESs (Aguilar et al. 

2018). The first step to incorporating ESs into management strategies is to measure stakeholder 

function of the ES. Costanza et al. (2017) mention that one part of measuring the value 



 
82 

 

stakeholders place in an ES is by making decisions that impacts the ES. In this study, no 

organizations explicitly incorporated forests and drinking water into any of their watershed 

priorities, goals, rhetoric, projects, or policies. Another part of measuring the value stakeholders 

place in an ES is by comparing it to some reference value (Costanza et al. 2017). Stakeholders in 

all three watersheds placed more value in forests as a regulating service of water quality over the 

provisioning service of drinking water. Forest and drinking water were perceived as more 

connected to groundwater resources over surface water, and there was evidence of a disconnect 

between the natural land and the provision of drinking water (which was more prevalent in 

urbanized interviewees). In this valuation strategy, forests were essentially removed from one 

half of the water cycle: Forests are still valued for their functions of capturing rainfall and 

mitigating stormwater runoff but are not valued for their provision of drinking water (unless it is 

a forest next to a shallow private well in rural areas).  

 Humans are social beings; the values that we place on the world around us are tempered, 

influenced, and constructed by interactions with others. Stakeholder value in the FESDWQ is not 

static, but dynamically created by interactions between stakeholder categories (Matthies, 

Kalliokoski, et al. 2016). Characterizing the social capital of each watershed (or aspects that lead 

to effectively functioning watersheds) allowed for the exploration of networks, norms and trust 

that may facilitate capacity for the incorporation of the FESDWQ into watershed management. 

Shared value and history, inter-dialogue, open-mindedness, presence of trust, and regional 

planning all lead to watershed network cohesion which can build capacity for effectively 

incorporating the FESDWQ into watershed decision making. While relational value in the 

FESDWQ was not directly observed between stakeholder groups in these watershed networks; 

stakeholder impact, influence, and reliance on the FESDWQ was observed. Policy makers were 
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perceived as having the greatest impact and influence on the function of the FESDWQ because 

their decisions have influence on the way other stakeholders interact with the FESDWQ. They 

were perceived as having the ultimate responsibility for protecting the service. Non-profit 

organizations were perceived as being the best positioned to protect the FESDWQ because they 

have influence on policy makers, industry, and forest landowners; educate and advocate for 

general consumers, and consistently interact with all other stakeholder categories.  

 While the value for the FESDWQ in these three watersheds may not be high or presently 

relevant, the foundations for value are there. All stakeholders strongly link forests and water 

quality and many interviewees exhibited the belief that nature and its impact on humanity are 

very interconnected. This belief of the “interconnectedness of nature” may mobilize stakeholders 

to perceive forests as members of the entire water cycle. While these watersheds were not 

perfectly functioning and balanced networks, there is clear capacity for support for conservation 

programs that incorporate this FESDWQ.  

4.0 Applying the FESDWQ in Conservation Strategies 

 Conservation programs that incorporate the valuation that stakeholders place in ESs may 

include Payment for Ecosystem Services (PES) programs. PES programs, which incorporate the 

value of an ES by incentivizing landowner behavior and practices to ensure ES service function 

and provision, are one way of applying the stakeholder value of the FESDWQ into management 

that bridges the gap between science and policy. As the ES concept has gained traction in natural 

resource management across the globe, PES programs have emerged as an alternative 

conservation mechanism over typical command and control conservation approaches (Naeem et 

al. 2015; Schomers and Matzdorf 2013). In a forest-to-drinking water PES program, program 

facilitators pay forest landowners to manage their land to preserve or support the forest function 
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of providing clean drinking water to downstream drinking water consumers (i.e., user-financed 

PES): ES users agree to compensate forest landowners (Salzman et al. 2018). For example, New 

York City has a program which pays upstream forest landowners for conservation easements or 

forest restoration activities to protect watershed functioning. Downstream consumers in the city 

partially fund this program; resulting in the protection of 35% of source water land, $7.5 billion 

in savings over the course of 10 years, and the treatment of drinking water to a city with a 

population exceeding 8.5 million without the need of a modern water filtration plant (Postel and 

Thompson 2005; Weidner and Todd 2011). 

 PES programs are not novel in Michigan: Agricultural PES programs run by the 

government have been implement with the state for decades (e.g., Land Reserve Programs, 

Conservation Reserve Program, Wetland Mitigation Banking) (Claassen et al. 2008), but a lack 

of understanding and participation by landowners has hampered the success of these programs 

(MDNR 2010). However, a forestry instead of an agricultural PES would be a novel program for 

Michigan. Even though forests provide the ESs that are typical for existing PES programs (i.e., 

water biodiversity, and carbon) (Prokofieva 2016), forest PES programs worldwide have not 

been institutionalized to the extent of agricultural PES programs (Meyer and Schulz 2017). 

Recently, Michigan state governments and international institutions of the Great Lakes’ region 

have called for more PES programs and other environmental market approaches to solve water 

quality issues (OGL 2017).  

4.1 Watershed Considerations for a Forest to Drinking Water PES Program 

 Stakeholders showed general interest in a forest to drinking water PES program across all 

three watersheds. Stakeholders mentioned five major factors needed for a PES program to be 

successful and five major barriers that would prevent a program from being successful within 
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their watersheds (Figure 7). All stakeholder types reiterated that adequate incentivization was 

needed for a successful program. In other words, there must be monetary compensation for any 

forest landowners (e.g. land tax breaks) and clear benefits for beneficiaries (e.g. lower water bill 

or clear benefits from protecting forests like increased recreation in water bodies). Finding the 

appropriate monetary compensation is a common hurdle for many emerging PES programs 

(Engel et al. 2008). Finding funding for proper incentivization will always be a challenge for a 

PES program (or any program), especially with local governments and NPOs strapped for cash. 

A next step for research should be to elicit the exact forest landowner and beneficiary 

willingness-to-pay or participate in a PES program in each watershed.  

Figure 7: Schematic of stakeholder feedback on PES program. The blue column shows 
factors required for a successful program. The orange column shows barriers that would 
prevent a successful program from occurring. Arrows connect which successful factor 
could potentially be prevented by a corresponding barrier. 
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 All stakeholder types mentioned the importance of involving everyone in the entire 

process of implementing a PES program. There are copious amounts of literature that state the 

necessity for the involvement of all stakeholders in watershed management decisions  

(e.g., Baldwin and Ross 2012; Stanghellini 2010). This means giving all stakeholders, especially 

the less influential groups, the agency to influence program decisions in beginning stages to 

completion of a program. Engagement can be stymied before a project begins by a lack of public 

awareness of the FESDWQ (Meyfroidt et al. 2014). As a PES program gains momentum, 

program facilitators must ensure that participation requirements are not onerous. FLs mentioned 

that too many forms to fill out or confusing bureaucratic steps would deter them from 

participating which is consistent with PES program deterrents in literature (Engel et al. 2008).  

 Lack of understanding about a PES program and lack of value in the ES of interest can be 

a barrier to successful PES programs (Pascual et al. 2017). Stakeholders in the three watersheds 

did not place a high recognized value in the FESDWQ, and there was a perceived disconnect 

between forests and the provision of drinking water. To counteract this perceived disconnect, 

program facilitators should create an appropriate “marketing” campaign about the FESDWQ and 

a resulting PES program. Marketing is especially important to prevent potential stakeholder 

rejection of a program. Two interviewees mentioned that Michigan is a property-rights state, or 

residents place identity and value on the autonomy to manage their own land without 

government intervention which can make social acceptance of conservation programs hard to 

attain (Isely et al. 2007). In fact, a potential barrier to PES programs can be the existence of 

property right regimes over common property regimes (Agrawal 2001), however, secure 

property rights can also be an enabling condition for potential PES programs (Huber-Stearns et 
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al. 2017). For Michigan, “marketing” or rhetoric of a FESDWQ PES program would have to take 

property rights into account. 

 A successful PES program requires demand (Salzman et al. 2018), and this demand 

varies in each watershed. Stakeholders in the heavily forested AS pointed out that forest 

resources are already adequately conserved and properly managed. Perhaps an 80% forested 

watershed without many threats to forest resources is not the place to implement a PES program. 

However, that does not mean that a PES program would never be appropriate in the area: Rapid 

development could increase the need for forest and drinking water conservation in the future. On 

the other end of the spectrum, stakeholders within the barely forested DET pointed out the 

impact the few remaining forested areas have on drinking water quality is probably low. The 

priority in this watershed is to implement green infrastructure to decrease stormwater runoff and 

pollution. A forest to drinking water quality PES program would be low priority. In the LGR 

(which has a blend of forested, urban, and agricultural land), stakeholders readily recognized the 

potential benefits of a PES program within their watershed but were not sure if another new 

conservation program is needed in the watershed. Regardless of the differences within these 

watersheds, stakeholders from all three areas agreed that the biophysical properties of the forests 

within their watersheds and their corresponding impact on drinking water quality need to be 

quantified. This quantification would take interdisciplinary scientific research in hydrology, 

forestry, and collaboration with local water utilities. 

4.2 Considerations 

 Incorporating the FESDWQ into conservation programs hinges on a receptive policy 

environment. Policy makers at a national scale could incorporate watershed management and 

source water protection into federal US water policies like the Clean Water Act (CWA) and the 
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Safe Drinking Water Act (SDWA). Currently, the priority for enforcement is on singular point-

source polluters (or identifiable sources of pollution like a discharge pipe into a river) (USEPA 

2008). Incorporating watershed management and source water protection as viable options to 

prevent pollution and increase water quality into these national laws would give these watershed 

projects the regulated influence necessary to be effective. Policy makers on a local scale can 

consider combining both wastewater treatment and drinking water treatment governance. While 

people typically get wastewater and drinking water costs combined in their monthly water bill, 

the local governance of these two systems are relatively isolated from each other (National 

Research Council, 2002). One NPO mentioned that “storm water should be connected to our 

drinking water” (NPO, DET), and a water utility interviewee said that policy of drinking water 

and stormwater should be more connected:  

“On the drinking water side water folks have to have something called source 

water protection. Our environmental systems are a part of that. Then, on the storm 

water side we must have a stormwater pollution prevention initiative. I often think 

the two should be blended.” (WU, LGR) 

This separation of the two sides of the water cycle in both national and local policies impacts 

Public Water System (PWS) management. In fact, “different pieces of legislation tend to regulate 

each element individually [which] leads to a separate ‘tunnel vision’ management of each 

element of this socio-environmental system rather than as a whole” (Garcia et al. 2016 pp 1078; 

Kiparsky et al. 2013). A restructuring and integration of the legislation of watershed resources 

would facilitate forest conservation of both the FESDWQ and water regulating FESs. A 

restructuring and integration of SWP or PES programs could be an adaptive solution toward 
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failing water infrastructure, emerging contaminants, and the other issues water utilities are facing 

(Bartlett et al. 2017) 

The integration of the FESDWQ into watershed management and public drinking water 

systems (PWSs) will require interdisciplinary cooperation. Integration is contingent on the 

willingness of PWS to consider water resource management alternatives. Small to medium 

PWSs are choosing new treatment technologies over SWP to solve water contamination issues  

(Barnes et al. 2009). On the other hand, there is rising popularity of SWP in ongoing and 

emergent watershed management programs (Price et al. 2018). There is still much work needed 

to contextually incorporate SWP into PWS functioning with both single and multisystem PWS 

studies (Gorzalski et al. 2019). Initial evidence suggests that investing in SWP may only be cost-

effective for some PWSs, unless “program costs can be sufficiently distributed across multiple 

stakeholders” (Price et al. 2018).  

The capacity for distributing costs for these kinds of programs depends on the social 

capital of each watershed. NPOs are situated to educate and disseminate information throughout 

the watershed networks, influence decision makers, shape the behaviors of landowners and 

consumers, and have the greatest trust placed in them. NPOs can leverage that trust to bring 

different stakeholders together in a rescaled watershed governance environment (Cohen 2012) to 

increase familiarity between stakeholders which ultimately increases trust (Mase et al. 2015). 

This cascade of increasing trust and influenced behaviors could very easily shoulder the 

distributed capacity of a forest and drinking water PES program for the benefit of both upstream 

landowners and downstream beneficiaries.  
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APPENDIX A.1: Land Cover of the AS 

 

 

 

 

  

Figure 8: Land cover map of the AS. 
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APPENDIX A.2: Land Cover of the LGR 

 

 

 

  Figure 9: Land cover map of the LGR. 
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APPENDIX A.3: Land Cover of the DET 

 

 

  

Figure 10: Land cover map of the DET. 
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APPENDIX B: Interaction Data for Each Listed Stakeholder 

 

Table 12: Summaries of interaction data for each watershed (n=number of interviewees who 
completed this part of interview). I.D. is the deidentified stakeholder code. Interaction average 
is the average interaction for each I.D. Total interaction is the summed-up interaction for each 
I.D. In the summary statistics the "network frequency" refers to the average of all the 
interaction averages. "Network sum" refers to the average total interaction.  

  Au Sable (n=8) Lower Grand (n=16) Detroit (n=6) 

# I.D. 
Interaction 

(avg.) * 
Interaction 

(Total) 
I.D. 

Interaction 
(avg.) 

Interaction 
(Total) 

I.D. 
Interaction 

(avg.) 
Interaction 

(Total) 

1 SG.1 3.9 31 SG.2 4.8 72 SG.2 4.5 27 

2 SG.2 3.5 28 SG.1 4.5 67 N.2 4.3 26 

3 LG.M 3.4 27 N.1 4.1 61 LG.6 4.0 24 

4 N.2 3.0 24 LG.10 4.0 60 I.2 4.0 24 

5 N.4 2.6 21 FG.1 3.7 56 WU.2 3.7 22 

6 N.9 2.6 21 LG.1 3.7 55 LG.1 3.7 22 

7 LG.1 2.6 21 LG.M 4.8 53 SG.1 3.5 21 

8 N.3 2.5 20 N.10 3.4 51 FG.2 3.5 21 

9 FG.3 2.4 19 N.9 3.0 45 PM.1 3.2 19 

10 FG.4 2.3 18 LG.3 3.0 45 WU.3 3.0 18 

11 N.1 2.1 17 LG.8 2.7 41 FG.3 3.0 18 

12 N.7 2.1 17 A.1 2.6 39 SG.3 2.5 15 

13 N.10 1.6 13 N.5 2.5 38 N.10 2.3 14 

14 SG.4 1.5 12 FL.G 3.2 38 LG.2 2.3 14 

15 N.6 1.4 11 FG.4 2.5 37 A.3 2.2 13 

16 N.5 1.3 10 FG.2 2.4 36 N.3 2.0 12 

17 LG.2 1.3 10 FG.3 2.4 36 N.6 2.0 12 

18 LG.3 1.3 10 LG.5 2.3 35 I.1 2.0 12 

19 FG.1 1.3 10 N.12 2.3 34 A.1 1.8 11 

20 LG.7 1.1 9 I.2 2.2 33 N.8 1.7 10 

21 A.2 1.1 9 LG.6 2.3 32 N.11 1.7 10 

22 LG.8 1.0 8 N.6 2.3 32 LG.3 1.7 10 

23 SG.3 0.9 7 LG.12 2.3 32 N.5 1.5 9 

24 I.2 0.9 7 A.5 2.1 32 N.13 1.5 9 

25 N.8 0.6 5 LG.7 2.0 30 WU.1 1.5 9 

26 LG.5 0.6 5 LG.2 1.9 29 A.2 1.5 9 
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 Table 12 (cont’d)   

  Au Sable (n=8) Lower Grand (n=16) Detroit (n=6) 

# I.D. 
Interaction 

(avg.) 
Interaction 

(Total) 
I.D. 

Interaction 
(avg.) 

Interaction 
(Total) 

I.D. 
Interaction 

(avg.) 
Interaction 

(Total) 

27 LG.9 0.6 5 LG.4 2.0 28 A.4 1.5 9 

28 A.1 0.5 4 SG.3 1.9 28 N.4 1.0 6 

29 LG.4 0.4 3 N.16 1.9 27 N.7 1.0 6 

30 LG.6 0.4 3 A.2 1.8 27 LG.5 1.0 6 

31 I.1 0.4 3 WU 3.9 27 I.5 1.0 6 

32 FG.2 0.1 1 LG.9 1.7 26 SG.8 1.0 6 

33 I.3 0.1 1 I.G 2.4 26 FG.4 0.8 5 

34 I.4 0.1 1 N.13 1.7 25 I.4 0.8 5 

35 WU.1 0.0 0 I.F 2.1 25 N.12 0.7 4 

36 A.3 0.0 0 N.11 1.6 24 I.3 0.7 4 

37       N.17 1.6 24 LG.7 0.7 4 

38       I.1 1.6 24 FG.1 0.5 3 

39       N.2 1.6 24 N.9 0.3 2 

40       A.3 1.6 24 LG.4 0.3 2 

41       N.3 1.4 21       

42       N.15 1.4 21       

43       A.4 1.4 21       

44       LG.11 1.3 20       

45       N.14 1.4 20       

46       N.7 1.3 20       

47       N.4 1.3 19       

48       I.3 1.2 17       

49       N.8 0.5 8       

Summary Statistics (std. dev.) 

Network 
Frequency 

1.4 (1.1) 
Network 

Frequency  
2.0 (1.0) 

Network 
Frequency  

2.0 (1.2) 

SG- State Government  I-Industry  N-Non-Profit Organization 

LG- Local Government  A-Academic Association    
FG- Federal Government WU-Water Utility     

*0=never, 1=once, 2=yearly, 3=couple times/yr., 4=monthly, 5=couple times/mo., 6=weekly, 7=daily 
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APPENDIX C.1: Sociograms of Watershed Interviewee Interactions 

 

 

  

Figure 11: Sociograms of the interactions between stakeholders in each watershed of only 
those stakeholders who answered SNA questions. Edges are multi or uni directional 
indicating stakeholder perception of interactional relationship. 
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APPENDIX C.2: SNA Metrics of Watershed Interactions 

 

Table 13: SNA descriptive summary of three watersheds. Global metrics apply to the whole 
network and local metrics apply to each individual node (individual stakeholder). 

  Local Metrics Global Metrics 

Network 

Average 
Geodesic 
Distance 

Average 
Degree 

Clustering 
Coefficient 

Degree Centrality 
Closeness 
Centrality 

Betweenness 
Centrality In Out  Total 

AS 3 9 0.90 34% 20% 31% 21% 22% 

LGR 2 22 0.97 21% 21% 19% 6% 6% 

DET 3 7 0.92 27% 27% 20% 15% 17% 
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