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About this Workshop  
Ecosystem services – the benefits that nature provides in support of human well-being – are 

impacted by decisions made in markets and in government deliberation and action. Unfortunately, the 
value of ecosystem services is often left outside the consideration of market (commercial economy) 
participants and is, often, incompletely considered in government decisions, particularly at the state and 
local levels. The non-excludable character of some ecosystem services (as public goods) or the failure of 
social institutions to internalize their values challenges society to avoid untended degradation of 
ecosystems affecting the quality of life of individuals and families, from rich to poor, or across diverse 
backgrounds. 

Losses of valuable ecosystem services have likely been increasing in recent decades as, 
nationally and globally, we witness an increasing frequency of severe storms, fire, and flooding. Decision 
makers seek to change policies and land use practices in agriculture, forest management and 
community development, with the intention to provide a sustainable, resilient foundation for current 
residents and future generations. These changes can have profound impacts on the quality of rural, 
coastal, or riverine communities, as well as on urban centers. Decisions made in the near term can 
establish resilience and protect vulnerable human-built infrastructure, while also impacting, positively or 
negatively, the extra-market ecosystem services critical to attracting, retaining, and sustaining residents, 
and natural resource-based tourist business and managed agroecosystems. NAREA’s 18th Annual 
Workshop intends to identify the frontier and stimulate the creation of new knowledge essential to 
assisting society.  New knowledge can help society to avoid undesirable, unacceptable, or unintended 
consequences, and to create or seize opportunities to sustain valuable ecosystem services in balance 
with the benefits of sustaining human-built assets and desirable marketable products. 

This Workshop will bring together high-level scholarship directed at multiple dimensions of these 
challenges, often involving interdisciplinary elements of economic relevance. 
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 Jim O’Donnell is a physical oceanographer. He earned a BSc. (Hons) in Applied Physics from 
Strathclyde University in Scotland, and a M.S. and Ph.D. in Oceanography from the University of 
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for Resilience and Climate Adaptation (CIRCA). Professor O’Donnell’s research focuses on 
understanding the physical processes that determine the circulation and transport of materials in 
the coastal ocean. With students and research associates, he is currently involved in both the 
construction and testing of models and the development of technology to make observations. He 
is also interested in fundamental geophysical and environmental fluid dynamics and the 
application of mathematical and statistical methods to the development of models of 
biogeochemical processes. In the last decade Prof. O’Donnell has been involved in the 
development of a permanent ocean observing system in Long Island Sound and the adjacent 
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well as providing new scientific insights. The availability of this type of data has provoked new 
applications and Prof. O’Donnell has collaborated with the U.S. Coast Guard to develop an 
improved drift prediction system for the search and rescue applications. He has served as a 
Director of both the North East Regional Association of Coastal Ocean Observing Systems and 
the Middle Atlantic Coastal Ocean Observing Regional Association. He has been appointed as 
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he is responsible for bringing together the world class research and outreach capabilities of the 
University of Connecticut and the extensive practical experience of the Connecticut Department 
of Energy and Environmental Protection to create and disseminate practical and sustainable 
strategies to enhance the resilience of the built environment while protecting natural ecosystems 
in Connecticut and the northeast. 
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Abstracts  
Abstract for Keynote Speaker 1  
Towards equity in land protection policy: what can economists contribute? 
Katharine Sims  
Permanently protected land provides vital ecosystem services. Environmental and natural 
resource economists have quantified the value of these services and evaluated policies to 
increase ecosystem service provision—from parks to easements to community management 
to payments for ecosystem services. Throughout this work, economists have also asked 
important questions about the distributional consequences. Who tends to benefit more or 
less, and how does this depend on the type of land protection, the spatial configurations of 
management goals, where land is located on the rural to urban gradient, pre-protection uses, 
or broader societal inequalities in income and property ownership? What have we learned 
from policy mechanisms specifically intended to foster benefit-sharing or reduce community 
costs of land conservation? This talk will seek to share potential lessons learned from existing 
economic research and to explore how economists can continue to contribute to future 
understanding of the conditions and institutional mechanisms necessary for communities to 
thrive equitably with strong land protection.  
  



Abstracts for Paper Session 1  
Gathering a Bountiful Harvest: Ecosystem Service Synergies in Urban 
Community Gardens 
Ashmita Das  

Urban community gardens provide a wide diversity of ecosystem services (ES), such as 
microclimate regulation, habitat provision for biodiversity, and increased access to fresh 
produce (Lawson & Lawson, 2005). In addition to their food security and ecological benefits, 
urban community gardens support human well-being by facilitating community building, 
nature-based and spiritual experiences, relaxation and stress reduction, and maintenance of 
cultural heritage and traditional knowledge (Camps-Calvet et al., 2016). A growing body of 
work examines the importance of these types of benefits, also known as cultural ecosystem 
services (CES), in urban areas (Andersson et al., 2015; Dickinson & Hobbs, 2017; Riechers et 
al., 2016). 

There is strong consensus in the community garden literature that social and ecological 
benefits of gardens are related (Andersson et al., 2007; Egerer et al., 2018; Gregory et al., 2016; 
Langemeyer et al., 2015). Ecosystem service bundles refer to groups of ecosystem services that 
consistently co-occur (Raudsepp-Hearne et al., 2010), and bundling of cultural and noncultural 
ES has been observed in several studies (Raudsepp-Herne et al., 2010; Andersson et al., 2015; 
Dennis & James, 2017; Young et al., 2020). A mechanism that may explain this type of 
bundling is that strong perception of CES fosters attachment to place, which motivates civic 
engagement and ecological stewardship; this can improve biophysical conditions in a positive 
feedback loop (Andersson et al., 2015). Experience of some CES, such as connection to nature 
or environmental education, may also provide the knowledge necessary to effectively engage in 
these stewardship actions (Barthel et al., 2010; M. Krasny & Tidball, 2009). 

Although many studies have assessed the social and ecological dynamics of urban 
community gardens, there has been little empirical research which explicitly examines the 
relationship between gardeners’ perception of different types of CES provided by their 
community gardens and the agroecological characteristics of their plots. Additionally, this 
research takes place during the height of the COVID-19 pandemic in the United States, which 
has aggravated food insecurity in urban areas due to loss of income and supply chain disruptions 
(Kinsey et al., 2020). While COVID-19 has impacted people’s social, emotional, and physical 
well-being in several ways, gardening has been found to counteract some of these negative 
effects (Lades et al., 2020; Theodorou et al., 2021). The timing of this work thus provides a 
unique opportunity to examine how public health crises affect ES generation and valuation in 
community garden settings. 
Research Objectives  
This study investigates ecosystem service synergies and the drivers of ecosystem service 
production in community gardens in the cities of Syracuse and Binghamton, New York. 

1. What types of ecosystem services are produced in community garden settings? 
2. Which of these ecosystem services do gardeners value most? 
3. What synergies or trade-offs exist between different categories of ecosystem 

services? 
4. How has the COVID-19 pandemic impacted ecosystem service production? 
We hypothesized that CES, especially those which facilitate knowledge development 

and sharing, such as environmental education and social opportunities, would co-occur in 
bundles with the production of other categories of ES. We also hypothesized that the COVID-19 
pandemic would result in stronger valuation of food provisioning and cultural ecosystem 
services in the garden. 
Methods  



We used a combination of questionnaires, in-depth interviews, and plant community 
analysis to quantitatively assess the relationship between perception of cultural ecosystem 
services by community gardeners and the agroecological characteristics of their garden plots. 

 
A structured online questionnaire was used to assess gardener perception of various 

benefits of community gardening and determine whether these perceptions were linked with 
other social or ecological factors. Survey participants were asked about their motivations for 
community gardening, the benefits they receive from community gardening, and how the 
COVID-19 pandemic had impacted their gardening experience. Participants were also asked 
about how attached they felt to their gardens, their self-perceived knowledge of sustainable 
gardening practices, and the management practices they use in their plots. 99 community 
gardeners from both cities completed the survey, a response rate of approximately 15%. Follow-
up interviews were conducted with a subset of 30 survey respondents to better understand the 
drivers of garden cultivation and management choices (see Supplemental Material A for 
interview guide). 

Total cultivated species diversity and plot area used to grow crops were used as 
indicators for supporting and provisioning ES, respectively. Data were also collected on 
cultivated edible diversity and the presence of species which primarily provide regulating or 
supporting ES in allotment garden plots. Because permission to visit gardens had to be obtained 
from garden managers or plot owners, sampling was based on accessibility. Field surveys of 2 
communal gardens and 45 garden plots across 9 allotment gardens were conducted during a 
three-week period during the summer of 2020. Observed taxa were grouped based on the 
ecosystem services they provide: provisioning, supporting, regulating, or cultural. An additional 
grouping, “disservice” plants, was developed to classify species which impeded a garden plot’s 
ability to provide other ES (Table 1). Plant categorization was determined based on follow-up 
interviews with gardeners, in which they were asked to describe the reasons they cultivated each 
crop. 

Table 1. Ecosystem service groupings for categorizing garden plants. 
Service Category  Definition  
Provisioning Plants which provide food or have medicinal uses  
Supporting Plants grown to support local pollinator or bird biodiversity  
Regulating Plants grown to regulate pests or control weeds 
Cultural Plants grown primarily for aesthetic or educational value  
Disservice  Plants which negatively impact the ability of the garden plot to provide 

other ES  



 
Field and survey datasets were manually integrated and analyzed in SPSS Statistics 26 to 

assess the relationship between gardeners’ perception of CES and agroecological characteristics 
of their plots which may influence other types ES production. 
Results  

The results show that gardeners use their plots primarily for food production, with over 
95% of sampled plots containing predominantly edible species. One-third of plots contained 
species primarily used for pest regulation and sometimes weed control, and one-fifth contained 
plants which have the primary purpose of attracting or supporting pollinators and sometimes 
birds. There were no observed differences in species diversity or composition based on gardener 
demographics. 

Survey and interview data reveal that community gardeners highly value CES; 
relaxation and stress relief, connection with nature, and the opportunity to socialize with people 
from the community were among the CES which gardeners experienced most often. An 
exploratory factor analysis of survey responses shows that CES are perceived in two main 
bundles. The first bundle, which centers around individual experiences in nature, includes 
“environmental education”, “connecting with nature”, “leisure or recreation”, “relaxation or 
stress relief”, and “exercise or physical health benefits”. The second bundle, consisting of CES 
that relate to community building and community pride, includes the benefits “neighborhood 
beautification”, “socializing with community”, “maintaining cultural heritage”, and “restoring 
local environment”. 

The perceived importance of many CES increased due to the COVID-19 pandemic, with 
many open-ended survey responses centering on the value of stress relief and connecting with 
both nature and other people during the pandemic. However, first time gardeners were less 
likely than returning gardeners to perceive “socializing with members of my community” as a 
benefit, which potentially reflects the impact of the COVID-19 pandemic on opportunities for 
informal interaction in the community garden. 

Contrary to initial expectations about bundling between biophysical and cultural ES, 
there was no positive relationship observed between perception of any CES with garden plots’ 
food provisioning percentage, biodiversity, or presence of regulating or supporting species. 
However, place attachment of gardeners was found to be correlated with local ecological 
knowledge and use of certain sustainable garden management practices. Community garden 
management structure (allotment-style vs. communal) was also found to influence both CES 
perception and garden biodiversity, with communal gardeners growing a wider diversity of food 
crops and feeling that their gardens provided opportunities for socialization and community 
building more than allotment gardeners. 
Study Significance  

These results provide insight into the role that CES can play in supporting the generation 
of other types of ES in urban green spaces. Considering how these immaterial benefits manifest 
in specific social-ecological contexts can support better decision-making, as they highlight the 
things that people truly care about and can therefore inform how limited space should be 
allocated. Cities could therefore benefit from using a CES approach to expand or modify 
existing community garden networks. 
 
 
 
 
 
 
 



Valuing Ecosystem Services from Restoring Ancient Irrigation Systems: An 
Application Comparing Labor vs. Monetary Payments for Choice Experiments  
Sahan Dissanayake 
The use of non-market valuation methods to value environmental goods and policies in 
developing country contexts is increasing rapidly with economic growth and the related increase 
in efforts to protect the environment. In most stated preference studies, the payment vehicle 
istypically presented in monetary terms. At the same time in developing country settings, 
especially in many rural areas, the use of cash is low and is often supplemented with barer and 
work exchange (Gibson et al. 2015, Vondolia and Navrud 2019, Rai and Scarborough 2014). In 
these contexts, the use of monetary payments may undervalue the resource or policy being 
valued (Abramson et al. 2011, Rai et al. 2015, Rai and Scarborough 2014). Most importantly the 
undervaluing would systematically focus on low-income and vulnerable populations and thus 
increase social inequities (Gibson et al. 2015).  
In response to these concerns there is a growing non-market valuation literature exploring the 
use of non-monetary payment vehicles in the context of rural developing country settings. Some 
of the earlier work focused on using non-monetary payment options; use of labor for tsetse 
control in Ethiopia (Swallow and Woudyalew 1994), the use of rice to value tropical rainforest 
protection (Shyamsundar and Kramer 1996) and the use of beehives for PES programs (Asquith 
et al. 2008). A more recent literature is focused on comparing monetary and non-monetary 
payments and the impact on efficiency and results (Vondolia and Navrud 2019, Pondorfer and 
Rehdanz 2018, Gibson et al. 2015, Rai and Scarborough 2014, Abramson et al. 2011). 
We contribute to this growing literature on two aspects. First, we add to the literature comparing 
valuation results under monetary and labor payments vehicles and we do so in a new context 
focused on valuing the ecosystem services from restoring ancient irrigation systems. Second, we 
explore how results of choice experiments are impacted by conducting group information 
sessions with individual surveys 
Our second contribution is motivated by the fact that conducting in-person house-to-house 
surveys in rural settings is costly and one approach to minimize costs is to conduct valuation 
surveys in groups settings where there is a common provision of information, a question-
andanswer session, and then respondents individually answer the surveys. 
Our application is the restoration of Cascading Tank Systems, are an ancient man-made 
irrigation system in South Asia developed to support agriculture and population expansion to 
dry/arid areas by collecting rainwater during the wet season for use in the dry season. The 
system, which has parallels to the Japanese land use system of Satoyama, was established and 
fostered by ancient ruling kings in Sri Lanka over 1500-2000 years ago, is designed to integrate 
with the hydro-ecological aspects of the natural environment (Panabokke 2009). Sri Lanka 
currently has over 15,000 ancient tanks that continue to provide irrigation for about 40% of the 
total irrigable area of the country, an astoundingly high percentage when considering that these 
were designed 2000-1500 years ago (IUCN 2016). 
 
 
 
 
 
 
 



Knowledge about these tank systems and their integrated functions 
were lost during the colonial times. Research from the last few 
decades have rediscovered that these tanks are not occurring 
randomly as was previously thought but are spatially organized 
based on the natural landscape and are hydrologically and socio-
economically interlinked (Panabokke 2004, IUCN 2016, Madduma 
Bandara 1985). The individual tanks are components of large 
systems or units called ‘cascades’ and the cascade ecosystem 
follows the principles of Integrated Water Resources Management 
(IWRM). The traditional socio-hydrologic system incorporates 
conservation buffers, wind barriers, phyto-remedial plants, 
desilting structures, and community practices and multiple other 
water and soil conservation aspects into planning and governance. 
Figure 1 shows a stylized figure for one cascade system.  
Over the last few centuries, the structure of the cascade tanks and 
the hydrologic system connecting the tanks have slowly 
deteriorated due to lack of maintenance and the disappearance of 
the traditional community institutions that were responsible for the 
cascade tank system. Given their importance to national 
agricultural output and local livelihoods there is growing interest in 
studying and restoring these ancient irrigations systems. The FAO declared cascade tanks 
systems in Sri Lanka as a Globally Important Agricultural Heritage Systems (GIAHS) in 2016 
and since there has been rowing interest from national international organization to restore these 
systems. 
Our application contributes to furthering these efforts to restore these ancient irrigation tank 
systems. In this research we use a choice experiment survey conducted in a cascade tank system 
in Anuradhapura, Sri Lanka, to understand rural villagers’ preferences and the willingness to 
pay/contribute to restore cascading tanks systems. We estimate the values for cascade 
restoration using both monetary payments and labor participation. We also contribute to the 
literature on the applications of choice experiments in developing country settings by comparing 
data gathering methods, specifically individual surveys vs group information session. 
The primary data collection was conducted with structured survey questionnaire that was field 
tested prior to final launch. They survey consisted of a choice experiment and a socio-economic 
questionnaire. The attributes for the choice experiment were identified and vetted through an 
extensive literature review, consultation with experts/scientists working on cascades, and focus 
group discussions of cascade dependent stakeholders. This process resulted in five attributes; 
Availability of irrigation water for paddy during the dry season, Availability of water for other 
purposes during the dry season, Extent of unique cascade ecological components, Cascade 
biodiversity, and Respondent contribution. To compare labor and monetary payment options the 
respondent contribution we used a split sample where half the respondents received choice cards 
where the payments were identified using monetary amounts and half the respondents received 
choice cards where the payments were identified using labor contributions. An example of the 
monetary choice card is in Figure 2 below. 



 
The primary data collection were conducted using two samples; an on-site survey conducted in 
the Pihimbiyagollewa cascade in Anuradhapura district and an offsite survey conducted in the 
largest urban setting to be able compare urban and rural preferences. The on-site sample 
consisted of a stratified random sample of 516 households covering approximately 50% of the 
cascade community. Stratification was done to capture variability in upstream, mid catchment 
area and the downstream of the cascade. The offsite survey consisted of 206 households 
randomly selected from four areas within the city of Colombo. Both the onsite and off site 
surveys were conducted in-person with trained enumerators that were university students in 
leading universities in Sri Lanka. 
We have currently analyzed the data using standard methods; conditional logit and mixed 
multinomial logit models. We plan to expand this analysis to incorporate a willingness-to-pay 
space estimation by the time of the NAREA Workshop. Results from the urban and rural survey 
indicate that respondents value the availability of water for agriculture, water for household use, 
the cascade ecosystem health, and biodiversity. The table below shows the MWTP (calculated 
from the MMNL preference space estimation). 
 
Table 1: MWTP for On-site Cash and Off-site Monetary Samples for group elicitation for the 
MMNL Models 
Attribute On-site Cash Off-site Cash  
 In LKR/season/household  
ASC 31,109 15,148 
Water for Paddy 25,507 8,234 
Water for other uses 16,366 17,955 
Cascade Ecological 
components  

1,973 4,000 

Cascade Biodiversity 5,990 8,921 
 
We find differentiating marginal values for the attributes between the on-site and off-site/urban 
samples with the on-site respondents valuing water for paddy the highest and water for other 



uses the second highest and the urban respondents having water for other uses the highest and 
the cascade biodiversity the second highest. 
With regard to the core focus of this work, exploring the impact of labor vs monetary payment 
options, we find that for the individual surveys, both labor and monetary payments are 
significant and as seen in the related literature we find higher values when payment is presented 
in term of labor contribution (by using the daily wage rate to convert labor willingness to 
contribute to monetary values). We plan to expand the analysis to conduct a WTP-space 
estimation to explore the robustness of this finding. 
With regard to the group vs individual surveys, for the surveys with payment expressed in 
monetary terms, there is no significant differences between the group and individual survey 
implementation. We do find a somewhat perplexing result for the labor surveys conducted in the 
group survey setting, specifically we find a positive coefficient for the labor payment variable 
(i.e. payments in terms of labor have a positive marginal utility). We are currently exploring this 
result in more detail and believe it may be a function of perceived sense of community and 
communal responsibilities that were implicitly highlighted in the group setting. We plan to look 
at the heterogeneity of these results and to explore the factors that lead to positive labor 
payments using the individual coefficient estimates derived from the MMNL model. 
In addition to presenting these results, we plan to use this proposed presentation to highlight this 
unique ancient irrigation system and how restoring and managing them results in generating 
large number of ecosystem services that contribute to creating resilient rural communities that 
are better able to adapt to changing rainfall patterns due to climate change. We hope to generate 
interest and collaborations to further study these unique systems through this workshop. 
 
 
Incentivizing the production of Ecosystem Services on working lands: The 
opportunities and challenges of funding “nature’s contribution to people” across 
an urbanized region  
Alicia Coleman 
In the coming decades, the U.S. Northeast is expected to experience a number of impacts as a 
result of climate change, including rising temperatures, changes in precipitation and seasonality, 
and sea-level rise, among others (U.S. Global Change Research Program 2017). These impacts 
have varying implications for working lands and landscapes across the region as well as the 
ecosystem services produced as part of operations. Incentivizing the production of ecosystem 
services is critical to promote specific land management behaviors that improve ecological 
performance and ultimately sustain an environment for present and future generations 
To begin evaluating such demands, the Association of Northeast Extension Directors (NEED) 
and the Northeastern Regional Association of State Agricultural Experiment Station Directors 
(NERA) initiated a project to assess the landscape of ecosystem service provisioning programs 
and policies across the U.S. Northeast, including the states of Connecticut, Delaware, Maine, 
Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode 
Island, Vermont, and West Virginia as well as the District of Columbia. The working hypothesis 
and guidance for a landscape assessment is that broad regional adoption of ecosystem service 
production practices at scale, and with the right support, can increase agricultural and forest 
profitability and sustainability, position working landscapes as a primary leader in the fight 
against environmental degradation (rather than a primary culprit), and drive a new generation of 
young people to consider a career across supply chains of working landscapes (Extension 
Foundation 2021). 
Our team developed an a-priori strategy to inventory and categorize national, regional, and 
state-level programs. From the outset, we relied on the paradigm of “nature’s contributions to 
people” established by the Intergovernmental Panel on Biodiversity and Ecosystem Services 
(IPBES) (Pascual et al. 2017) in order to conceptualize ecosystem services. To structure our 



understanding of incentive and finance mechanisms, we built on reports of the Food and 
Agriculture Organization of the United Nations (de Camino Velozo 1987), the U.S. EPA (e.g. 
Anderson 2001), and the academic literature (e.g. Piñeiro et al. 2020). Coding protocols were 
developed for each program to be described by its institutional arrangements, incentive 
structures, and the ecosystem services targeted by the program. Coding13 discrepancies were 
discussed and resolved between team members. Taken together, this combination of tools and 
techniques provided a comprehensive approach to this landscape assessment that not only 
accounts for ecological dimensions, but also the social and economic dimension of ecosystem 
service provisioning. 
As of September 2021, a sample of approximately 1,300 programs was identified for their 
objectives to incentivize ecosystem service provisioning and practices on farms and working 
lands in the U.S. Northeast. Overall, these programs target four primary working landscapes: 1) 
farming, food, and agriculture; 2) working forests and woodlands; 3) fisheries, aquaculture, and 
shellfish; as well as 4) non-industrial supporting landscapes and systems. Many programs 
showed to operate across geographic scales and are organized through the private, public, and 
public-private partnership sectors. Most programs are available to producers but many others 
are also available to supporting entities, like municipal government and research institutions. 
Overall, the availability of indirect incentive programs (e.g. technical education) exceeded the 
availability of direct incentive programs (e.g. cooperative/cost-share agreements). Together, 
these programs also revealed a diversity of tactics in which ecosystem services are used by 
producers to expand market presence and gain traction in their respective industry. This is 
particularly evident, for example, in certification-based programs which couple place-based 
practices, such as organic farming or habitat management, with additional quality assurance 
certificates. 
Four main conclusions were drawn from this assessment, and our accompanying 
recommendations are intended to inform policy, programming and research among Cooperative 
Extension and Agricultural Experiment Stations in the region. First, we elevate the realities of 
landowner risk aversion and tradeoffs that often arise in pursuing ecosystem service 
provisioning programs. Next, we discuss how competing ecosystem service priorities vary 
between landowner types and programmatic scales. Additionally, we highlight important gaps 
in programs that address community and landscape resilience. Lastly, we focus on the continued 
need for provisioning programs to benefit livelihood development for early-career farmers and 
working lands operators. 
Our results, conclusions, and recommendations speak to the complexities of socio-ecological 
systems in the study of ecosystem services (Selmen 2009) and are uniquely positioned to 
continue research through a lens of landscape multifunctionality. Landscape multifunctionality 
is an approach to planning environmental, social, and economic functions of contiguous or 
regional landscapes while also emphasizing land owners, managers, and users as primary 
stakeholders (Lovell and Johnston 2009). This means that the rural-urban divide can be unified 
together as a continuous, interdependent matrix (Selman 2009) with functions beyond shared 
locations and single places or processes (Lovell and Taylor 2013). While intentionally-designed 
working lands serve independent functions (e.g. separating forests for timber from places for 
recreation), the institutional environment in the United States has not traditionally encouraged 
multiscalar thinking and cross-boundary collective action among landowners, resource 
managers, or policy makers (Rickenbach et al. 2011). As result, there is an impending need to 
evaluate multifunctional landscapes independently (e.g. at the scale of the whole-farm) and in 
aggregate (e.g. across multi-state regions) (Lovell 2010) both of which are important 
considerations to design, and then evaluate, programs and policies that support a producers 
capacity and ability to deliver ecosystem services on working lands, to sustain economic 
viability, and to build resilience across working landscapes. 



The framework of landscape multifunctionality may be applied to future research in two ways in 
assessing the application of incentive programs that support and encourage producers to deliver 
ecosystem services on working lands. First, landscape multifunctionality values the provisioning 
of ecosystem services that occur within the spatial boundaries of private or public property as 
well as the regional matrices of land cover types and land management arrangements that exist 
in the U.S. Northeast. Thus, this outlook considers private landowners (from households to 
private sector institutions) and public land owners (from federal, state, or local governments) as 
interdependent shareholders that manage ecosystem health at and above the scale of an 
individual property parcels. Notable differences exist between land management practices 
exclusively tailored to an individual parcel versus those practicing cross-boundary, multiscalar 
management (e.g. Rickenback et al. 2011). Second, across a landscape, the spatial combination 
of functions inherently cross institutional boundaries and require “cross-boundary, multiscalar 
management”. This interwoven complexity offers an opportunity to monitor and prioritize the 
variety of relationships between ecological processes, ecosystem service scope (i.e. what 
constitutes a service?) and scale (i.e. how to bridge local practices with global challenges, such 
as climate change mitigation?), as well as socio-economic functions embedded in the landscape 
(i.e. food and commodity production, livelihood provisioning, cultural heritage). 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Abstracts for Paper Session 2 
Tradeoffs Between Indigenous Forest and Exotic Production Forest in New 
Zealand  
Adam Daigneault  

New Zealand has a comparatively short rotation time for common commercial tree 
species, attracting significant investment, land, and labor into forestry. Forestry with Pinus 
Radiata, which is the dominant species in the exotic forestry sector, is one of the more profitable 
primary industries. The forestry industry represents approximately 1.6% of the country’s GDP, 
and is the third largest export earner, with only dairy and meat yielding more.1 While the 
industry is yielding considerable benefits in some areas, its growth and geographic spread have 
caused concern, especially in terms of the native vegetation and habitat it might be displacing. 
Before human settlement, approximately 80% of New Zealand’s land was covered in forest. 
After significant clearing for agriculture, lumber, and other uses, only 38% of the land is 
covered by forest today. While the government has several environmental, climate and 
productivity goals that exotic forestry operations contribute to, there are growing questions 
about the benefits of other uses of the land. There are also growing calls to promote native forest 
and land restoration. To investigate tradeoffs between native and indigenous forest, this study 
combines economic modelling and valuation with biological and ecological modeling outputs. 
This is the first study to comprehensively explore New Zealand indigenous forest in a benefit-
cost framework. 

The New Zealand government has committed to ambitious climate goals, including a 30 
percent reduction in emissions from 2005 levels.2 Exotic and native forest growth should play 
an important role in achieving those goals. Forests also have significant cultural importance to 
Māori—the country’s indigenous population (Lambie et al., 2021). Indigenous forest is 
important to Māori on a spiritual level due to whakapapa (genealogy) and kaitiakitanga 
(guardianship), and many cultural practices are associated with forests (Miller et al., 2007). On 
the other hand, Māori ownership of exotic forestry is steadily increasing, with Statistics NZ 
finding that one in four hectares (ha) of Māori farmland was in forestry in 2020.3 

To illustrate decisions faced by the government about the future of the landscape, we 
combine economic modelling with biological and ecological modelling to compare the costs and 
benefits of native and exotic forest in New Zealand. This is one of the first New Zealand studies 
to focus on the benefits of indigenous land using monetized and non-monetized values. The 
New Zealand Forest and Agriculture Regional Model (NZFARM) is used to model the profits 
and some environmental outcomes associated with land use change. It is a comparative-static, 
partial equilibrium model that has been used in a number of agricultural and environmental 
modeling projects (Daigneault et al., 2017). 

Our analysis focuses on a case study in the Manawatu area of the North Island, using 
marginal land. With its varied landscape of hills and mountains, New Zealand has an abundance 
of marginal land on its slopes. This land is currently used in a variety of enterprises, such as 
pasture and farmland. However, marginal land is typically associated with higher rates of 
erosion, shallow topsoil, expensive fencing, and other issues like livestock deaths from falls. 
There are also notable environmental externalities like erosion and water quality and quantity 
impacts (Lambie et al., 2021). Consequently, there is interest in deploying these marginal lands 
to different uses to align with several environmental and production related goals. For instance, 
several local sources have had success with exotic forestry and Manuka production, which could 
provide several related ecosystem services. Both exotic plantation forestry operations and 
indigenous afforestation represent carbon sinks, with several important trade-offs in marginal 
costs, production revenue, and complementary ecosystem services. 

This paper contributes to the discussion on marginal land by exploring three different 
scenarios related to afforestation in the Manawatu area. One scenario converts all the land into 
exotic forestry and two other scenarios deploy indigenous forest. The analysis of these different 



scenarios allows us to produce several important quantitative and qualitative outputs. Where 
possible, quantitative predictions are monetized, allowing a benefit-cost analysis of the 
proposed scenarios. Monetized outcomes include carbon sequestration and emissions, water 
quality, farm profits, and indigenous enterprise. We also quantify potential changes in 
biodiversity using an indicator of restored significance (Mason et al., 2012) and evaluate the 
connectedness of forest scenarios to existing natural forest. 

Overall, we find that all our scenarios have net benefits. Due to its current profitability 
and the larger growth of trees, exotic forestry has higher net benefits than the two indigenous 
scenarios. However, it is notable that the indigenous forest scenarios had net positive benefits, 
as there were a number of benefit categories that could not be quantified. For instance, 
indigenous forest yields much higher biodiversity than exotic forest. In a country known for its 
rare endemic species, local biodiversity has significant value for New Zealanders. Other 
important values, such as cultural values, could not be monetized. These results show that 
conversions of marginal land into either exotic or indigenous forestry can yield net benefits over 
other land uses even if important categories are omitted. This is important for future planning as 
the government attempts to achieve future environmental and economic goals. The government 
is increasingly returning state-owned land to Māori communities under the Treaty of Waitangi 
(Miller et al., 2007), and forestry covenants are becoming increasingly popular. Finally, 
ambitions programs, such as the planting of one billion trees, can benefit from transparent 
assessment of outcomes. 4 
 
 
Intergenerational Livelihood Dependence on ecosystem services: a descriptive 
analysis of ivory palm in Coastal Ecuador  
Jorge Salgado  
Introduction:  
The tropical regions of South America are hotspots for biological diversity. In western Ecuador, 
98% of the original forest cover has been lost to deforestation, making it one of the most 
threatened moist and dry seasonal forests globally (González-Jaramillo et al. 2016). Despite it 
being a biodiversity hotspot that is greatly threatened, the region is one of the least studied and 
understood in terms of how local people use natural resources in this region (Myers et al. 2000). 
The ivory palm (Phytelephas aequatorialis Spruce, also known as vegetable ivory and locally 
named tagua) is a wild palm tree endemic to western Ecuador. It is a keystone species and is 
therefore critical to the survival and restoration of entire ecosystems (Montúfar et al., 2013). 
This palm also provides a variety of benefits to coastal communities in Ecuador. Among those, 
the most economically significant is the provision of primary material used as a substitute for 
plastic in the manufacturing of ‘ecological’ buttons used by the garment industry in Europe and 
the US (S.A. Trafino, pers. comm). In 2011, Ecuador exported 14 million US$ worth of 
vegetable ivory (Brokamp et al., 2014). The palm’s nuts are also used as a substitute for 
elephant ivory in the manufacturing of jewelry and figurines. The palm’s leaves are used as 
primary material for building thatched roofs (Brokamp et al., 2014). In agriculture, the ivory 
palm has been shown to offer many regulating ES like providing habitat for insects that 
pollinate crops (Carvalho, 2014). The palm also provides cultural ES by contributing to the 
identity of the communities and through use for ritual and adornment (Schneider et al. 2017). 
This palm is classified as a near-threatened species (Montúfar & Pitman, 2003). The natural 
populations are threatened by the high rates of deforestation (González-Jaramillo et al. 2016) 
and recent international trade agreements to export ivory nuts are likely to increase the pressure 
on this resource in the coming years (MPCEIP, 2019). There is currently no formal conservation 
plan for the species and the government is interested in formulating guidelines for the 
sustainable harvest of tagua. 



This research aims to understand which ES are most important overall to the livelihood of 
harvester communities in western Ecuador and how this importance and dependence has 
changed over generations. The results of this research can inform local conservation policies 
and related future economic research on ecosystem services, including non-market valuation 
and the optimal management of the resource based on the full spectrum of ES it provides. Using 
focus group discussions and a survey, we assess the livelihood dependence of four communities 
on tagua, using the livelihood dependence index (LDI) measure (Naudiyal and Schmerbeck 
2018). The LDI index provides a relative measure of the importance of the various ES provided 
by the species, which can be used for the identification of attributes in future choice experiments 
and for the specification of objective functions in dynamic optimization models aimed at 
recommending sustainable harvest policies. 
Methods 
In June and July 2019, we conducted focus group discussions (FGD) in three communities (Dos 
Mangas, Dos Bocas, and Matapalo). The goal of the FGDs was to identify and learn about the 
major ecosystem services (ES) and uses of the ivory palm. We analyzed the FDG transcriptions 
using Atlas.ti, a qualitative analysis software package (Schebesta 2018), and identified 17 ES 
total: six provisioning ES, six cultural ES, four regulating ES, and one supporting ES. 
 
We collected responses from 59 harvesters in the six communities: four harvester communities 
located in the province of Manabí and two communities located in the province of Santa Elena. 
Based on the Sistema Integrado de Conocimiento y Estadística Social (SiCES), the 
administrative units where these communities are located (parroquias) have a rate of ‘unmet 
basic needs poverty’ of 92% and functional illiteracy rate of 25%. Their racial and ethnic 
composition is as follows: 80% mestizos (80%), 12% Montubios, 2% White, 5% 
AfroEcuadorian, and 1% Indigenous. The main goal of the survey was to compute the 
livelihood dependence index (LDI) for each of the 17 ES identified in the FGD. Each harvester 
responded to questions that are used to compute their LDI for each of the ES for four 
generations: their own (present), that of their grandparents, parents, and that of future 
generations. 
The survey was split into two sections. The first collected demographic and socioeconomic 
information for participant characterization and ES dependence. The second section of the 
survey collected information on the importance of different ES. We used methods in 
Schmerbeck et al. (2015) and Naudiyal & Schmerbeck (2018) to compute the Livelihood 
Dependence Index (LDI) of each major ES. The index, which varies from 0 to 1, is computed 
for each ES category identified in the FDG and is defined as: 
 
 
 
where !!" represents the number of households classifying a particular ES to a level of 
livelihood dependence: "1 (very much), "2 (much), "3 (somewhat), "4 (not much), or "5 (not at 
all) and # is the total number of harvesters. 
We measured how respondents perceive the change in the dependence on tagua over time: by 
their grandparents’ generation, their parents’ generation, own generation, and future generations 
(Kolar 2015). 
We used analyses of variance to test whether there are statistically significant differences in 
livelihood dependence on tagua between communities, across ES categories for a given 
community, and across generations for a given community. By the time of the workshop, we 
plan to have results from correlational regression analyses that explain the determinants of the 
LDI, especially the trend in intergenerational LDI. 
Preliminary results  



Participants’ mean years of harvesting experience was 23 with a standard deviation of 17. 
Community members reported an average travel time of 78 minutes to the resource, with a 
standard deviation of 58 minutes. Percent income contribution of tagua to total income varied 
from 7 to 42%, with an average of 21% and a standard deviation of 27%. 
We find statistically significant differences in the LDIs for different ES, in the LDIs across 
communities, and across generations. Despite the relatively high contribution of tagua to 
income, the LDI associated with button production was the lowest, at 0.79 (standard deviation 
of 0.23). In contrast, the highest LDI (0.97) was reported for supporting ES (the palm as a 
habitat for wild animals), followed by regulating ES (soil maintenance), at 0.86, cultural ES 
(cultural identity), at 0.81, and provisioning (button production), at 0.79. 
Interestingly, overall LDI was perceived to have increased from the respondents’ grandparent’s 
generation to their parents’ generation, and then decreased for their own generation and 
expected to decrease for the future generation. The concave shape of the overall LDI over 
generations is driven by that of the provisioning ES, which peaked for the parents’ generation, 
which coincides with the ‘tagua economic boom’ when tagua exports where largest (Montúfar 
et al. 2022). All other ES categories had LDIs that were not statistically different between the 
grandparents’ and parents’ generations and a linear decline in LDI from the parents’ generation 
to that of the respondents’, to the future generations. Among those three ES categories, the 
sharpest decline in LDI dependence is for cultural ES. These included: recreation, cultural 
identity, sense of belonging, religious activities, sense of home, and community relationship. 
Within cultural ES, the sharpest decline was for cultural identity, religious activities, and 
community relationships. 
By the time of the workshop, we plan to have conducted additional analyses aimed at 
identifying the determinants of the intergenerational LDI dynamics. We suspect these analyses 
will lead to interesting hypotheses related to the functional relationships between ES categories: 
the current results indicate that market and non-market ES have exhibit a degree of 
complementarity, i.e., they are likely to be multiplicative in the community welfare function. If 
it is the case, the market dynamics affecting tagua exports from Ecuador have effects that go 
beyond income fluctuations but can have repercussions on the cultural well-being of 
communities. 
 
Structural Estimation of Use and Non-Use Values for Water Quality 
Improvements  
Hyungung Kim 

Federal, state, and local agencies tasked with protecting the nation’s water resources must 
balance costs and benefits of proposed regulatory programs (e.g., U.S. Environmental 
Protection Agency (EPA) is subject to presidential executive orders that require benefit-cost 
analysis for all substantive programs). While program cost calculations can be challenging, the 
more difficult task is often quantifying and assessing the benefits of environmental 
improvements. The benefits of water quality improvements include both the use and nonuse 
values held by individuals. Disentangling the use and nonuse values remains an area of 
ongoing research, which is important since many EPA analyses must rely on benefits transfer 
from existing literature that uses a mix of revealed preference (RP) and stated preference (SP) 
approaches (Griffiths et al. 2012).  

A variety of techniques have been employed in the literature to distinguish use and nonuse 
values. Johnston et al. (2003) identify five approaches in the SP literature: “(1) nonuse values 
identified as the total WTP for nonusers; (2) responses to separate nonuse value questions in 
the survey; (3) apportionment of total WTP among categories of value by survey respondents; 



(4) nonuse values estimated as the total WTP of a survey sample who were asked to assume 
they would not use the resource being valued; and (5) total WTP of the sample of users minus 
estimated WTP for the direct use of the resource estimated based on revealed preference 
data.” Each of these has their respective shortcomings. An alternative approach is to 
simultaneously model the valuations of users and non-users in an integrated framework, 
employed in Eom and Larson (2006), Egan (2011), Day et al. (2019) and Landry et al. (2020). 
However, these “structural” models are complex and unlikely to see widespread application. 
What is needed is a comparison of the resulting use and non-use valuations for both the 
complex modeling approach and the simpler methods currently employed in the literature to 
better inform use of existing studies in benefits transfers and policy analyses.  

This paper explores the joint estimation of revealed and stated preference recreation demand 
model to separately identify use and non-use values. Building on the existing literature, we 
apply the structurally consistent estimation method Day et al. (2019) developed for random 
utility models to a setting where each person answers a single referendum contingent 
valuation question and reports a full panel of water-based recreation trips for a season. In 
addition, we extend the Day et al. (2019) recreation portion to a nested logit repeated RUM for 
season trips rather than a conditional logit. We also extend the Day et al (2019) work by using 
a full set of site-specific fixed effects in the empirical model. Using rich survey data collected in 
Spring 2020, we compare the result of this structural method for measuring use and non-use 
values to results of ad-hoc estimation methods mentioned in Johnston et al. (2003). A key 
contribution of this study is that the same survey was used to collect the data for the structural 
decomposition of use and non-use values and the data for several of the ad hoc ways of doing 
so mentioned in Johnston et al. (2003), thereby providing a consistent comparison for each 
approach.  

We study this problem in the context of changing water quality in Michigan waterbodies, an 
issue relevant to analyses of federal regulations under the Clean Water Act and other water 
quality rulemaking. Unlike many studies in this literature, the survey data was (1) not limited to 
users (cf., Eom and Larson 2006; Egan 2011), (2) did not rely on non-probability panels (cf. 
Landry et al, 2020), (3) was representative of a broad region (cf. Day et al. 2019), and (4) covers 
all water-based recreation rather than a specific type of use (e.g., fishing). The carefully 
designed general population survey used random sampling of USPS known postal addresses to 
help assure the data represents the overall population. The sample was sent a letter with a 
website address (i.e., a “push-to-web” approach) and achieved over 2,300 responses (a 23% 
response rate). The survey invitations used phrases such as “public policy issues” to avoid 
selection bias due to interest or participation in water related recreation. Before the Michigan 
general population survey was implemented, we conducted qualitative interviews to test and 
evaluate the instruments, conducted a large pilot survey in 2019, made further revisions to the 
survey with an additional round of interviews, and followed the suggestions for best practices 
by Johnston et al. (2017) and Lupi et al. (2020). These efforts help establish the validity of 
study.  

Preliminary results from the RP-only and SP-only separate analyses show significant values for 
changes in water quality indices, and both show the expected sensitivity to the scope of water 
quality changes. In SP-only analyses, people who use waterbodies for recreational purposes 
show higher marginal willingness to pay (MWTP) for improved water quality than non-users. 
The magnitude of MWTP differs across four types of water quality indices, which represent 



different biological conditions. 
A Monte Carlo analysis has been conducted to examine the estimation and identification 
strategy for our  

structural model with a full set of site fixed effects which shows we can identify our 
parameters of interest. We then apply the structural model to our empirical data, and with the 
results we will compare the estimates of use and non-use values to those implied by the ad 
hoc approaches and relate these back to mixed results in the existing literature. For example, 
some other studies on water quality issues find that use value is greater than non-use value in 
total value estimated using the RP-SP models (Eom and Larson 2006; Egan 2011), whereas Day 
et al.’s (2019) structural estimation finds that welfare measures from non-use utility are 
greater than those from use utility.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Abstracts for Paper Session 3 
National Water Quality Values and Policy-Relevant Stated Preference Estimates  
Patrick Walsh  

New Zealand’s freshwater is a critically important resource that fuels agriculture, 
recreation, cultural practices, and various other activities and productive resources. New 
Zealand has had many national and regional efforts aimed at improving water quality and 
received international attention in 2017 by declaring the Whanganui River a legal person.1 
However, freshwater waterbodies continue to face multiple threats, with many waterbodies 
across the country still classified as unswimmable. More than 66% of New Zealand’s total river 
length had at least one nitrogen or phosphorous exceedance of government limits (MFE and 
Stats NZ, 2019), and in a recent national survey, the condition of rivers and lakes was scored 
lowest among New Zealand’s environmental amenities (Hughey et al., 2016). 

Innovative policies are needed to improve freshwater quality, and the central 
government is currently drafting a proposal that calls for widespread water quality-related 
policy reform.2 To make substantive change, national, regional, and local efforts will be 
necessary. To do so, the government needs tools to analyse trade-offs in water quality policy 
options. Section 32 of New Zealand’s Resource Management Act (1991) requires an 
identification and assessment of the benefits and costs of environmental policies and rules, but 
existing literature is not well-suited to analyzing national policy. 

Although there is an existing literature on water quality valuation in New Zealand, 
including several stated preference (SP) papers (summarized in (Marsh and Mkwara, 2013) and 
(Harris et al., 2016)), there are problems in applying this existing literature to government 
policies. These difficulties arise from several issues, including difficulties in scaling up local 
estimates to the national level, studies tending to examine large water quality changes that are 
not representative of actual policy changes, and the use of subjective or aggregate water quality 
variables that cannot be linked to policy-relevant measures. Similar issues with freshwater 
policy valuation are encountered internationally (Griffiths et al., 2012; Moran and Dann, 2008; 
Newbold et al., 2018). 

This study was designed to provide valuation estimates that are useful for water quality 
policy. We designed and implemented a national SP survey with approximately 2,000 
respondents from across the country. Throughout the survey design and implementation, 
explicit attention was given to the use of the results for future benefit transfer. Our discrete 
choice experiment utilizes three water quality parameters – nutrients, water clarity, and e. coli 
levels, which were chosen because they align with government policy levers and, based on 
focus group testing and cognitive interviews, were found to be relevant and salient to people. 
Since most national environmental policies in New Zealand are implemented and administered 
at the regional council level, the choice experiment presents policy changes at that management 
unit. 3 The policy changes presented to respondents are more in-line with the outcomes of actual 
policies, as compared to many past studies that present unrealistically large water quality 
changes in the environmental commodity (Newbold et al., 2018). The results of this study 
should therefore be particularly useful for benefit cost analysis within New Zealand, and the 
methods provide a framework for studies in other countries to better align with policy. 

The survey instrument in this study was refined through multiple focus groups in both 
rural and urban areas. Cognitive interviews were also used to improve the language and content 
of the final survey. Each of the water quality attributes in the survey are identified by Statistics 
New Zealand as primary indicators for freshwater and are the targets of future freshwater 
policy.4 Freshwater has important cultural value in New Zealand. In a Māori worldview (the 
indigenous population of New Zealand), freshwater arose from the parting of Ranginui (sky 
father) and Papatūānuku (earth mother), and thus plays a critical role in the relationship between 
people and the environment.5 



In the choice experiment, respondents chose between the status quo and two choice sets 
with varying levels of improvement in the water quality attributes. The hypothetical payment 
vehicle was a permanent increase in the cost of living. Each respondent faced three questions, 
where it was emphasized that they were independent. Consequentiality was also reinforced by 
noting that answers could influence current and future government policy (Johnston et al., 
2017). The survey was implemented using a national online panel maintained by Horizons 
Research. Out of a total population of over 7,000 respondents, there were 2,007 responses. The 
survey was open online in March and April of 2019. Responses were obtained from each region 
in the country and when compared toCensus data, the sample overrepresents the 60-69 age 
group, those with tertiary education and urban populations and under-represents the 18-19 age 
group, people with only high school qualifications, and rural populations. 

The data were analyzed using the random utility model framework. Using a linear 
specification for utility, a mixed logit approach was deployed. To explore preference 
heterogeneity, several location-based and socio-economic characteristics were interacted with 
the main choice attributes. Coefficients on the water quality and status quo variables are 
modelled as random parameters following an independent normal distribution. The coefficients 
on the interaction terms were treated as fixed 

Our results indicate that people are willing to pay for improvements in all three water 
quality parameters. Significant results for each attribute are found across a range of different 
model specifications. We also identify several respondent characteristics that drive observed 
heterogeneity in willingness to pay (WTP) estimates. Accounting for such heterogeneity allows 
the results to be tailored to sub-national areas in a benefit transfer. Relevant interaction terms 
include the total length of rivers in a region, education, previous knowledge of water quality 
issues, and previous participation in recreation. Since we use baseline water quality and the total 
length of riversin our specifications in addition to the socioeconomic variables, we can calculate 
region-specificmarginal values for each of our models, which should be of use to local 
governments. 

To demonstrate the utility of our approach, we apply our results to a recent water quality 
policy proposed by New Zealand’s Ministry for the Environment (MFE), aimed atreducing 
sediment runoff (Neverman et al., 2019).In that application, the government modelled the 
impact of catchment-level sediment limits on rivers and streams, and we used statistical 
relationships from the water quality modelling (Hicks et al., 2019)to simulate the impact of the 
sediment loads on our three water quality parametersthroughout the country. Applying our 
estimated WTP values in a benefit transfer yields preliminary benefits of approximately $20-30 
million (NZD) per year. We also compare our results to a recent municipal vote on an Auckland 
property tax designed to raise over $500 million NZD in the next ten years for water quality 
improvements. The vote was successful, with the resulting tax applied to commercial and 
residential buildings, which exemplifies the large values residents have for water quality. 

This study provides a template for how to develop and implement a choice experiment 
that should be useful for government benefit transfer. Our results indicate that people are willing 
to pay for even small improvements in water quality, and that multiple dimensions of water 
quality are simultaneously valuable. This highlights the important role freshwater plays in New 
Zealand and emphasizes the importance of current and future freshwater policy. 

 
 
 
 
 
 
 
 



Residential mobility and the value of coastal water quality restoration  
Richard T. Melstrom  
This paper measures the economic value of removing legacy pollutants in Great Lakes Areas 
of Concern (AOCs). AOCs are heavily polluted coastal locations identified as priorities for 
restoration under the Great Lakes Water Quality Agreement (GLWQA) between the United 
States and Canada. Legacy pollutants, which are persistent organic chemicals and heavy metals 
that remain in the environment long after their release, are an important source of contamination 
in AOCs. These pollutants are a human and environmental health risk that can limit the amount 
of land for redevelopment, recreation and wildlife habitat. In this paper, we estimate the 
economic value of cleaning up legacy pollutants in the Milwaukee, Wisconsin USA AOC using 
data on neighborhood populations and moving decisions before and after several major cleanup 
actions. The AOC includes nearly all of Milwaukee’s Lake Michigan shoreline, as well as its 
harbor area and connecting tributaries. Our identification strategy uses variation in where 
cleanup occurred and shifts in residential locations to estimate willingness to pay for removing 
legacy pollutants. 

Our research makes several contributions to economic research on water quality and 
water policy. First, we measure the value of restoring water quality through the removal of 
polychlorinated biphenyls (PCBs) and polynuclear aromatic hydrocarbons (PAHs) in the 
Milwaukee AOC. PCBs and PAHs are among the most widespread legacy pollutants. Second, 
we measure the value of cleanup using a residential sorting model. Prior research on the value 
of restoring water quality in urban areas largely relies on hedonic valuation (Braden et al. 2008, 
Braden et al. 2008, Patunru et al. 2007, McMillen 2017, Isely et al. 2018, Isely et al. 2019) and 
contingent valuation (Stoll et al. 2002). One concern with hedonic valuation is that the method 
is better suited to measuring marginal rather than discrete changes in amenities; this a potential 
problem because improvements in water quality are often perceived as discrete, such as when 
water becomes “swimmable” after cleaning up pollution. Residential sorting models are better 
suited to measure willingness to pay for discrete changes but have not yet been used to examine 
the effect of water quality improvements, so our research shines new light on the value of 
cleanup. Third, our research is the first to examine cleanup actions in AOCs using a before- 
and-after comparison and panel data, rather than using cross section data, which should increase 
confidence that our estimates of willingness to pay are attributable to changes in water quality. 
With water quality a major public concern and many cleanup actions demanding substantial 
investments of time and money, our research addresses a pressing need for information about 
the economic value of cleanup. 

Our sorting model describes a household i’s choice to live in neighborhood k at time t. 
Utility $!"#	 depends on two components, 

$!"#	=	'"#	+	)!	"#	
where '"#	measures the mean utility of living in neighborhood k in decade t and )!"#	measures 
the individual’s idiosyncratic deviation from the mean. Next, consider how moving from k to j 
affects utility, 

$!%#	−	$!"#	=	('%#	−	'"#)	 −	 -#./%"#	+	()!	%#	−	)!	"#)	
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where ./%"#	is moving cost and -#	measures the effect of moving cost on utility. Assuming that 

)!"#	 is i.i.d. Type I extreme value, then the share of the population living in location j at the end 

of one decade can be written as the sum of moves to j over the preceding decade (plus those who 
do not move away from j), 

 
where 0#	 is the share of population in living in neighborhood j in decade t. Using the above 

formula as well as a formula for the overall percent of people in the region who do not move, 

we have a system of j+1 equations to estimate the unknowns '%#	and -#. We set up and solve this 

system of equations twice, once using population data in the decade before cleanup and 
once using data in the decade after cleanup. To measure the effect of cleanup on utility and 
willingness to pay, we then take the estimates of '%#	 and -#	 and estimate 

 
 
 

Note that the ratio of '%#	 and -#	 converts the mean utilities into dollar values and the 

parameters into measures of willingness to pay. The right hand side variables include cleanup, a 
dummy for the cleanup location, post, a dummy for post-cleanup observations, and X, which 
includes other neighborhood characteristics, including housing cost. The coefficient on 
cleanup×post (13) measures willingness to pay for cleanup. In essence, we identify willingness 
to pay using regression difference-in-differences, by comparing changes in neighborhood values 
between treated and control neighborhoods before and after cleanup. 

We estimate the mean utilities and the utility function parameters using data from the 
U.S. Census Bureau’s decennial census and information about the location of cleanup actions in 
the Milwaukee AOC. The census data are tract populations in 2010 and 2020. Cleanup occurred 
in the northern portion of the Milwaukee AOC when 5,000 pounds of PCBs and 4,000 pounds of 
PAHs were removed from the Milwaukee River in 2011-2012, and then 2,300 pounds of PCBs and 
12,700 pounds of PAHs in 2014-2015. 

To sum up, our research fills several crucial knowledge gaps in environmental economics 
and environmental justice. First, it measures the value of restoring water quality using a 
residential sorting model, whereas prior research has largely relied on hedonic and contingent 
valuation. Second, it contributes to understanding trans-community environmental policy 
impacts because the policy site covers three cities, which allows us to examine whether people 
move between communities as a regional scale in response to changes in water quality. Third, it 
contributes to understanding environmental justice by examining how disparities in willingness 
to pay for polluted neighborhoods shifts after cleanup. We are able to use the mobility model to 
examine the distributional impacts of cleanup by examining whether some race and income 
groups are more likely to move or be displaced after cleanup occurs in their neighborhood. 
Significant differences in the mobility of race and income groups would provide evidence that the 
benefits of cleanup are not distributed equitably, which is an important environmental justice 
issue. Milwaukee provides a valuable setting because the city has a legacy of racial disparities in 
pollution exposure and residential location. 
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Empirical Evaluation of Non-Point Source Pollution Abatement- is an 
Improvement Detectable? 
Max Pohlman  

Nonpoint source pollution in waterbodies has been a longstanding issue in the United 
States. These pollutants are defined as detectable, but unable to be traced back to their source. 
One of the biggest causes of nonpoint source pollution is runoff from agriculture; rainwater 
flows over the land, picking up excess nutrients as it flows, before winding up in an adjacent 
body of water. While each source of pollution is likely very small, the pollution flows through 
water networks and coalesces in larger bodies of water. 

This phenomenon levies two major threats against local ecosystems. First, sediment 
(loose soil particles) can dilute the water, causing cloudiness that prevents sunlight from reaching 
aquatic flora. Additionally, sediment can clog the gills of fish or smother fish larvae (EPA, 
2005). Second, excessive nutrients – namely phosphorus and nitrogen – can deplete oxygen 
levels and cause algae blooms. These blooms block sunlight, consume oxygen, and create 
uninhabitable areas for aquatic life. Algae blooms also impact recreational boating and fishing, 
property values, and local business. 

An example runoff scenario is the Pennsylvanian agriculture industry, whose nutrients 
run into local streams and then flow south, coalescing with pollution from five other states and 
the District of Columbia before settling in the Chesapeake Bay. Following President Obama’s 
Executive Order 13508, the EPA set a total maximum daily load (TMDL) for the Bay in 2011. In 
order to meet this limit, Pennsylvania must reduce its nitrogen runoff by 31%. 

As part of their abatement efforts, the Pennsylvanian government subsidizes the 
construction of best management practices (BMPs): actions farmers can take to reduce nutrient 
runoff from their land. One such BMP is the riparian forest buffer: specific vegetation planted 
adjacent to streams that absorb excess nutrients not taken up by the crops. During heavy 
precipitation, the trees and grass also absorb polluted stormwater flowing towards the river. Prior 
research has shown that forested buffers remove between 61% and 90% of nitrate within their 
first 10 meters (Schoonover et al. 2007; Vellidis et al. 2003; Lowrance 1992), as well as provide 
ecosystem services such as temperature buffering and provision of habitat to enhance 
biodiversity (Lind 2019). 

The Pennsylvania Department of Environmental Protection uses predictive modeling 
tools to evaluate the impact these buffers have on water quality. The most common model, the 
Soil & Water Assessment Tool (SWAT), uses land use, conservation practices, and climate and 
geological inputs to model how water, and the pollution it carries, flows through watersheds 
(Capel, 2018). A policymaker can construct a counterfactual scenario in SWAT where pollution 
mitigation practices have been incorporated. SWAT then runs its model with the updated 
parameters and returns a predicted reduction in pollution. This prediction is a result of hundreds 
of variables and equations modeling the physical, geological, chemical, and hydrological 
properties of water and the surrounding earth. 

While there are a large number of tools, data, and literature on the predicted impacts of 
buffers on water quality, to our knowledge, there are no ex-post empirical analyses of the 
impacts of already installed buffers. Critics have claimed that impacts from these buffers would 
be undetectable at the local level, due to the small level of individual pollution, and/or unable to 
be associated with buffers. 

This paper seeks to evaluate whether or not we can empirically detect these changes in 
water quality that are predicted by tools such as SWAT. If we can, this could be a tremendous 
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boon towards future policy. If there is no empirical relationship, we must wonder if investing 
into these kinds of policies is worth it. Can policies be classified as a success even if there’s no 
detectable change in water quality? If so, how does one define success? 
Data 

To our knowledge, we are the first to use spatially explicit riparian buffer location data to 
empirically estimate the impact of a BMP on water pollution at a large scale. We connect buffer 
locations in Pennsylvania with 1,685 water quality monitoring stations from the USGS and EPA. 
We use geospatial techniques to calculate relative watersheds for each monitoring station, 
defined as the land area that feeds into each station. Between 1990 and 2015, we observe the 
installation of 7,106 buffers and 32,725 nitrogen readings. 

To standardize for varying watershed size, we construct a “percent of feasible buffer 
area” metric. This is defined as the amount of buffer area divided by the amount of agricultural 
area 100m from streams. We use temperature, flow rate, information on other mitigation 
practices, and other land-use classifications as additional covariates. 
 
Methods  

We are concerned about two major issues when estimating the impact of buffers on 
nitrogen runoff. First, buffers might be correlated with other unobservable conservation practices 
or changes in farmer behavior. Thus, we would be wrongly attributing changes in nitrogen levels 
to solely buffers, when in fact it should be attributed to a suite of practices. We control for other 
USDA-supported mitigation practices, but caution that our results are the average effects of 
buffer implementation, which may include more than just the physical buffer. 

Second, it is unlikely that buffers are randomly distributed. After discussions with 
conservation specialists and GIS measures of spatial randomness, it is also unlikely that buffers 
were particularly targeted to the most efficient locations. Still, it is crucial to consider the 
potentially endogenous location of buffers. 

We start by constructing a two-way fixed-effects (TWFE) model evaluating the changes 
in percent feasible buffer area on nitrogen levels. We use month x year and watershed as our 
temporal and spatial fixed effects, along with the aforementioned covariates. 

Recent research has shown that TWFE estimates often cannot be interpreted as causal 
due to treatment effect dynamics (de Chaisemartin and D’Haultfoeuille 2020, Goodman-Bacon 
2021, Callaway and Sant’Anna, 2020). Thus, we also used group-time average treatment effects 
(GTATE) (Callaway and Sant’Anna, 2020) to overcome the shortcomings of the TWFE model 
with a binary treatment of watersheds with any buffers versus no buffers. 
 
Results  

Our primary result from the TWFE model shows that Pennsylvania’s goal of having 
95,000 acres of buffers planted by 2025 (a 50% increase in current buffer acreage) would be 
associated with a 2% further decrease in detected nitrogen. With delivery factors1 from the EPA, 
we are working to predict the associated reduction in nitrogen levels in the Chesapeake Bay. We 
perform various robustness checks involving samples with only frequently observing and long 
running monitoring stations, yielding similar results. 

Additionally, we have preliminary results from our GTATE model. We find that the 
addition of buffers caused watersheds that received them to have 11% less nitrogen than 
watersheds that did not receive any buffers. However, this number is based on binary treatment 
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(did/did not get any buffers) and not the amount or size of the buffers. We will further expand 
this analysis to incorporate the number of buffers along with the binary treatment. 
1 The delivery factors measure the relative effectiveness of a change in pounds of nutrient 
upstream on the change in attainment of the dissolved oxygen standard in the Chesapeake Bay. 
 
Conclusion  

We perform, to our knowledge, the first empirical analysis of mass riparian forested 
buffer adoption in Pennsylvania. Our results suggest that there is an observable, empirical 
relationship between forested riparian buffers and water quality. However, a few caveats should 
be noted. 

These results might be overstated if other conservation practices are often bundled with 
riparian buffers (although we do control for other USDA-sponsored practices) or understated if 
buffers induce farmers to more intensively manage the rest of their land. 

Our fixed effects model can control for the landscape-specific variables that could drive 
the endogenous location of buffers. However, if there are temporally- and spatially-varying 
attributes that also drive the location of buffers then the fixed effects model is biased. We use a 
group-time average treatment effects model to overcome this bias, however, this relies on a 
binary treatment so we are not able to control for the number of buffers. 

The results from this paper provide a step forward in determining how buffers improve 
and restore ecosystems. Policy makers can calculate a better estimate of nitrogen abatement as a 
result of buffer implementation and then tie that reduction towards maximum daily loads or 
impairment thresholds. Other areas facing excessive nutrient loading can use our results to 
construct a more accurate estimate of buffer water quality benefits. In addition, while this paper 
solely focuses on the water quality service the buffer provides, we reiterate the air, wildlife, flood 
mitigation, and other auxiliary services that make buffers a fantastic utility for ecosystem 
conservation. 

Finally, we hope this research benefits the hydrological modeling literature. Currently, 
mass amounts of hydrological modeling and predictive analytics are currently being used to 
identify how to best implement further amounts of buffers. To our knowledge, we are the first to 
provide research that could potentially empirically validate their models and work.  
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Abstract for Plenary Speaker 2  
How Reliable- and net beneficial- is the green in green infrastructure? 
Peter Groffman  
There is great current interest and creativity in the creation of green infrastructure to 
address a range of challenging and expensive environmental problems from coastal 
resilience to control of combined sewer overflows. The appeal of green infrastructure is 
that it is often less expensive than traditional constructed "grey" infrastructure and it 
provides multiple benefits such as biodiversity, aesthetics, and carbon sequestration. 
For example, a “green” approach to controlling combined sewer overflows in New York 
City would save $1.5 billion compared to a “grey” approach. However, while highly 
engineered grey infrastructure has detailed design specifications and reliability 
specifications, these are largely undeveloped for green infrastructure. This lack of 
specificity may hinder adoption of green infrastructure in many locations. In this talk, I 
review some of the potential applications of green infrastructure in modern 
environmental science and discuss how concerns about reliability need to be addressed 
to realize the potential of this new approach. 
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Abstracts for Paper Session 4  
A Climate-Ecological-economic model to assess the cost-effectiveness of agri-
environment schemes under climate change: the case of meadow bird 
conservation in Northern Germany  
Charlotte Gerling  
Global biodiversity is in decline, and intensive agricultural land use is one of the most important 
threats to species (Cole et al. 2021, Dasgupta 2021). One policy option to conserve species in 
agricultural landscapes are incentive-based instruments (Khanna et al. 2018) such as the 
implementation of conservation measures defined in payments for ecosystem service schemes or 
agri-environment schemes (AES) (Chakrabarti et al. 2019, Dakpo et al. 2021, Lichtenberg 2021, 
Duke et al. 2022). For economists, a key criterion to assess the suitability of an AES is cost-
effectiveness (Messer 2006, Duke et al. 2013, Armsworth 2014). An additional complexity in 
this assessment arises when considering the threat that climate change poses for species 
conservation (Dasgupta 2021). Under climate change, initially cost-effective conservation 
measures need to be adapted to remain cost-effective (Ando & Mallory 2012, Pecl et al. 2017, 
Reside et al. 2018). To develop recommendations for the necessary adaptations, the impact of 
climate change on both the species and on costs of conservation measures has to be considered. 
Changing climatic conditions may impact a species inhabiting agricultural landscapes both 
directly (by altering the climatic conditions of the habitat) and indirectly (by inducing changes to 
agricultural land use which in turn influence the species). For example, Santangeli et al. (2018) 
examine the case of two ground-nesting farmland bird species which used to be well adapted to 
the timing of land use. However, under climate change, the species lay their eggs increasingly 
early. While the farmers also adapt the timing of land use, the birds have advanced their egg 
laying dates by more than the farmers’ adaptations of land use dates, leading to a temporal 
desynchronization. This desynchronization poses a large threat for the species, as they now lay 
their eggs increasingly before land use (while they used to lay their eggs after land use). As the 
birds lay their eggs on the ground, the mechanical operations of land use are likely to destroy the 
nests when the timing of birds and farmers is desynchronized. 
These desynchronizations may be relevant for the design of AES measures. Many AES focus on 
the timing and frequency of land use measures, such as mowing regimes, as they are relevant for 
the survival of many endangered species (Wätzold et al. 2016). The timing of land use is 
therefore fixed by the AES measure. If a species adapts its breeding time under climate change, 
the formerly costeffective timing will have to be adapted to remain cost-effective. 
Previous economic research on biodiversity conservation under climate change has focused on 
either the demand or supply side. Regarding the demand side, Lundhede et al. (2014) found that 
people have a higher willingness-to-pay for species currently occurring in a country (even if this 
species is likely to emigrate under climate change) than for species likely to immigrate into the 
country under climate change. Regarding the supply side, previous economic research has 
focused on conceptual aspects (Gerling & Wätzold 2021), the cost-effectiveness of conservation 
measures for selected species (Gerling et al. 2022), governance modes (Schöttker & Wätzold 
2021), incentive-based instruments (Lewis & Polasky 2018), or on the explicit consideration of 
risk (Mallory & Ando 2014, Shah et al. 2016, Drechsler et al. 2021). Ecological-economic 
modelling (Polasky et al. 2011, Armsworth et al. 2012, Jiang & Swallow 2017) and, adding an 
integrated climate model, climate-ecological-economic (CEE) modelling (Gerling et al. 2022) 
has been shown to be a suitable approach to assess the costeffectiveness of conservation 
measures or incentive-based conservation schemes. 
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We add to this research by examining changes to the cost-effectiveness of AES for conserving 
various meadow bird species in a changing climate. To do so, we develop a CEE model and 
examine the costeffective spatio-temporal allocation of AES measures in the near and remote 
future. The AES measures are extensive mowing regimes with a specified timing of land use. 
Similar to Gerling et al. (2022), we define cost-effectiveness as either maximizing an ecological 
benefit indicator for a given budget constraint, or maintaining a pre-defined level of an 
ecological benefit indicator whilst minimizing the budget in a region that experiences climate 
change. We specifically model the impact of climate change on both the species and costs and 
consider two climate scenarios, RCP4.5 (moderate increase in greenhouse gas emissions) and 
RCP8.5 (large increase in greenhouse gas emissions). We apply the model to the case study of 
conserving a set of meadow-breeding bird species in Schleswig-Holstein, a Federal State in 
Northern Germany. 
We divide the case study area into climate cells of 12x12km. Within each climate cell, we 
consider grassland cells of 250x250m. For each of these grassland cells we have information on 
parameters such as the productivity of the land and abiotic factors such as the presence of 
structural elements like water bodies. We then consider a list of grassland AES measures defined 
by their frequency and timing of land use. In the modelling procedure, we estimate the ecological 
benefit and costs of each AES measure for each grassland cell and year. Finally, we examine 
whether the cost-effectiveness of different AES changes over time. Given that the ecological 
benefit refers to a list of species, this constitutes a multi-objective optimization procedure. We 
therefore report results considering both interpretations of cost-effectiveness: aiming for the 
maximum level of biodiversity protection (giving an equal weight to each species) given a 
budget constraint, and ensuring the survival of each species whilst minimizing the budget. We 
report results for two periods: 2020-39 and 2060-79 to examine what differences arise when 
climatic conditions change. 
The basis of the CEE model is the climate model. The climate model generates high resolution 
climate projections of parameters like temperature and precipitation with the regional climate 
model COSMOCLM (Rockel et al. 2008, Früh et al. 2016). Climatic data is available at a spatial 
scale of 12x12km climate cells on a daily basis. The ecological model builds on previous 
research regarding the impact of differently timed AES measures on meadow bird species with 
differing habitat requirements (Johst et al. 2015, Wätzold et al. 2016). The model is able to 
estimate the breeding success of the species based on the interaction of abiotic conditions (such 
as the presence of structural elements) and land use. We now expand the model and explicitly 
consider the impact of climate change on the species by considering temperature-dependent 
changes to the breeding times of the species. 
The economic cost assessment estimates the costs of each AES measure for each year, i.e. the 
differences in profit between the profit-maximizing land use and the AES measures. We consider 
changes in variable costs (such as the necessary machinery) and changes in the value of the yield 
of the profit-maximizing land use and the AES measure (cp. Gerling et al. 2020 for details). 
Climate change influences the costs of conservation as changing climatic conditions may 
influence both the quantity and quality of the harvest (Ray et al. 2019, Gerling et al. 2020, 
Lachaud et al. 2021). Moreover, we consider the impact of extreme events: for example, changes 
in precipitation patterns may lead to increased frequency of flooding before the first harvest as 
precipitation shifts from summer towards spring (DWD 2017). However, when a meadow is 
flooded for an extended period of time, the quality of the harvest decreases rapidly (Gerling et al. 
2022). Finally, we compare the cost-effectiveness of different AES between the two periods. 
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Our results will show changes in cost-effectiveness of different AES between the near (2020-39) 
and remote future (2060-79). Based on the differences between the two periods, we will show 
how the timing of AES measures has to be adapted to climate change. The necessary adaptations 
result from the interplay of the impact of climate change on the species and costs. Regarding the 
impact on species, we consider the different sensitivities of the different bird species to changes 
in temperature. For example, the arrival of the lapwing has been shown to advance by about 5 
days per 1°C temperature increase (Kooiker 2017), the snipe by 3.7 days/°C, the redshank by 1.8 
days/°C, and the pipit by 1 day/°C (Gunnarsson & Tómasson 2011). Regarding the cost 
assessment, climate change leads to an advancement of the timing of the profit-maximizing land 
use (Cui & Xie 2021), also in our case study area, and especially so in the RCP8.5 scenario. 
Consequently, the costs of conservation measures change over time and differ between the two 
RCP scenarios (Gerling et al. 2020). 
Given the changes in the costs of AES measures with a specified timing of land use, and the 
different reactions of different species to climate change, our results show how AES need to be 
adapted to remain cost-effective under climate change. 
 
Willingness to Pay for Fuels Treatment for Forest Fire Risk Reduction at Lake 
Tahoe  
Muhammad Umer Zahid  
The 2021 Caldor Fire in the Sierra Nevada south of Lake Tahoe lasted for 67 days, burned 
approximately 221,835 acres (including 9,885 acres in Lake Tahoe Basin), destroyed 1,003 
structures, and caused evacuation of more than 50,000 residents. While the regional drought, 
combined with hot weather and strong winds resulted in extremely active fire behavior (USDA, 
2021), the impact of this catastrophic forest fire may have been reduced had extensive fuel 
treatment and forest restoration programs been implemented before the fire. 
The cost of forest fuels programs is enormous, given the scales necessary for effectiveness, and 
the vast areas of U.S. forested regions needing attention. The economic benefits of catastrophic 
fire risk reduction has been given as a key factor in decision-making to determine when and 
where to invest in forest health fuel treatments. Several studies focus on expected future wildfire 
suppression costs averted to generate benefit-cost scenarios useful for forest and land 
management agency planning for where and when to apply fuels treatments (see for example, 
Taylor et al, 2015; Northern Arizona University 2013). However, accounting for agencies’ costs 
averted does not fully account for the economic benefits of forest treatment programs, which 
improve overall forest health and limit effects of exposure to fire risk faced by residents, benefits 
also to non-residents, including passive use values. In their study of several watersheds in the 
Denver area, Jones et al (2021) estimate that fuel treatment benefits would need to be triple what 
they estimated in their analysis of costs averted to return a positive net social economic benefit 
and concluded that a wide range of economic co-benefits that accrue to society should be 
included. 
Several studies use non-market valuation methods to quantify benefits of wildfire risk reduction. 
Donovan et al., (2007), for example, use a hedonic property model to measure wildfire impacts 
on urban interface households, but failed to capture economic costs to visitors. Starbuck et.al 
(2006) estimate the value of recreation benefits, but do not consider non-use values. Forest health 
values includes use and passive use values from realization that a healthy forested ecosystem is 
maintained for current and future generations (Loomis et al., 2005). 
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This study, with data collected in 2015, uses Contingent Valuation (CVM) to measure use and 
non-use values for forest treatment programs in the Lake Tahoe Basin. The study was developed 
in collaboration with agencies engaged in science and management to target problem of forest 
health in the Lake Tahoe Basin. This collaboration resulted in a set of realistic scenarios for 
enhancing existing forest fuels treatment programs in the Basin. While various levels of 
increased annual fuels treatment could decrease the risks of fire, we used specific ranges to 
develop a total of five different risk reduction scenarios (52% reduced to 23%; 76% reduced to 
23%; 52 % to 41%; 76% to 52% and 76% to 64%); these were randomly assigned to survey 
respondents. In our sample, each individual received a questionnaire that described a fire risk 
reduction program. The program was presented in a referendum vote format. A majority “yes” 
vote would mean that all households would be committed to an annual increase in costs from a 
variety of fees that would equal a given dollar amount each year, for ten years. The bid design, 
with two bid levels and a dichotomous (yes/no) response was generated using the distribution of 
yes/no bids from a pilot study. The survey included a “current” scenario, and “after with 
treatment” and “after without treatment.” Address lists were purchased to include representative 
samples from four regions within 4 hours driving distance to the Tahoe Basin: Residents in the 
Lake Tahoe Basin (California and Nevada), urban areas in Nevada and rural areas in Nevada. A 
total of 374 surveys were returned for an overall response rate of 18.57%. 
The study used a variety of questions to inquire about the levels of awareness of fire risk and, 
importantly, the specifics of forest treatment programs using photos of before and after 
treatments and examples of how treated areas affect ecological health and habitat and respond to 
ignition. More than 80% of our respondents were aware of fire risk Lake Tahoe region. We 
estimated average Willingness to Pay (WTP) over all respondents to be $75.7 per year for ten 
years. The mean WTP of respondents who were previously affected by wildfire was $97.60, 
which is $49 more than respondents who were never affected by fire. Users, which mostly 
include Lake Tahoe residents and frequent visitors, had an estimated WTP of $163, which is 
more than five times of WTP of passive users of Lake Tahoe region ($29.60 per year for ten 
years). Though WTP of passive users is low relative to users, their total contribution to total 
benefits is high, as passive users are larger in number. Additionally, respondent WTP was 
sensitive to levels of fire risk reduction with mean WTP for reduction from the higher risk level 
of 76% (WTP between $184 and $61) being generally greater than reductions from the lower 
risk starting levels of 52% (WTP between $36 and $96). 
Our study also investigates preferences among direct users and passive users regarding who 
should pay for and oversee fuel treatment programs, and how they should be funded. The 
research was designed to produce results for overall use in advising policy makers in the design, 
implementation, and financing of forest fire management programs in the Lake Tahoe region 
 
United States Citizens Usage, Preferences, and Willingness to Pay for Green 
Rooftop Installations on Commercial Buildings  
Natalie Meyer  
Redesigning and restructuring urban areas and cities to be more sustainable will be a key change 
necessary to combat the climate crisis. Green rooftops will be a vital technology in the 
redesigning of cities to be more sustainable due to their well-studied environmental benefits [2] [3] 

[7] [9] [12] [21] [22] [23] [24] . A green roof is a layer of vegetation planted over a waterproofing system 
that is installed on top of a flat or slightly–sloped roof. Environmental benefits of green rooftops 
include increased thermal installations, which aid in buildings being more energy efficient 
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overall reducing energy demands and total emissions[2] [3] [12] [21] [22] . Green rooftops increase the 
total amount of vegetation in an area therefore increasing air quality by the photosynthesis 
process absorbing pollutants[2] [3] [7] [38, 39] . Additionally, the photosynthesis process helps 
increases the sequestering of carbon in the atmosphere as green rooftops act as carbon sinks [2] [3] 

[10] [22] . Furthermore, increased vegetation on rooftops aid in reducing the urban heat islands [2] [3] 

[9] [22] as vegetation provides direct shading and the photosynthesis process cools the air by 
consuming solar heat [21] . Lastly, green rooftops aid in the reduction and delay of storm water 
runoff [2] [3] [9] [20] [22] by retaining precipitation, they have the capacity to absorb 25% to 86% of 
rainwater [3] . 
Cost-benefit analysis [4] and lifecycle net benefit-cost analysis [3] of green rooftops have reported 
long run cost savings compared to conventional rooftops. Primarily because on average green 
rooftops have twice as long a life, 45 to 50 years, than that of a black conventional rooftop, 20 
years [5] [14] [16] [19] . Although green rooftops have long run cost savings and wide-range of 
benefits they are still extremely underutilized. Increased upfront costs have been a major barrier 
to entry for the green rooftop industry [3] [9] [22] , as green rooftops range from being $10 to $40 
more per square foot than that of a conventional rooftop. To decrease the burden of the high 
upfront costs of green rooftop a wide array of policies sprinkled across the United States have 
offered monetary aid (Appendix A). Currently, federal representative Nydia Velazquez of New 
York has introduced the bill H.R. 7693- Public School Green Rooftop Program (Green Rooftop 
Program). This bill is a grant program to fund the installation of green rooftops on public school 
buildings aimed at reducing cost for schools and providing students with first-hand knowledge 
and experience with environmental and agricultural concepts. 
As the green rooftop industry grows and more government funding is allocated to the installation 
of green rooftops, it will be important to know about United States citizens perceptions and 
preferences of green rooftops. Understanding the publics attitudes toward green rooftops will be 
key in creating optimal policies and building designs that are accepted and utilized by the public. 
To the best of our knowledge, there is a lack of studies that investigate communities’ usage, 
preferences, and value for green rooftops [8] 15] [11] [13] [15] [17] [18] . In order to address the gap in the 
literature on rooftops and aid policy makers and city planners in the designing of green rooftops 
this paper identifies United States citizens usage, preferences, and value for green rooftop 
installations on commercial buildings across the United States. Secondly, it polls United States 
citizens stance and willingness to pay to for the current federal Green Rooftop Program being 
proposed by representative Nydia Velazquez of New York. 
This paper contributes new empirical evidence of communities’ values and preferences for green 
rooftop technologies by conducting an online survey (N = 403) that utilized a contingent 
valuation method. The survey was designed on Qualtrics in the Fall of 2020 and was disturbed 
via Amazon Mechanic Turks (Mturk) in the Spring of 2021. Mturk can be a valid recruitment 
tool, despite Mturk workers normally be younger, more educated, and in lower socio-economic 
classes compared to the general population [25] , Mturk workers are largely representative of the 
general population [26] [27] . To mitigate data quality concerns only workers having high “approval 
rates” (HITs > 99%) were allowed to participate in this study. [28] [29] Workers task were clearly 
stated, including description of survey, realistic completion time, time constraints, and clear 
compensation rules [30] [31] . In the Qualtrics survey a Captcha Verification question was utilized 
as well as screening questions to ensure participants truly belonged in the target population and 
are humans [32] [33] . Furthermore, Qualtrics bot detection including preventing indexing and 
preventing ballot box stuffing was utilized. After the data was collected the IP addresses were 
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checked for duplicates and to verify location [34] . The mean completion time of the survey was 
checked and speeders where removed [33] . 
The survey took respondents approximately 13 minutes to complete and consisted of six 
sections. Section one consisted of consent and eligibility. Section 2 asked about awareness and 
usage of green rooftops. Section three introduced the Green Rooftop Program and asked how 
citizen would want their government representatives to vote on Green Rooftop Program and how 
much they would be willing to pay for this bill in their 2021 federal income taxes. After these 
questions the respondents were presented with information in table format about what green 
rooftops are, their benefits and drawbacks. After educating respondents on green rooftops the 
researchers re-asked respondents about their vote and willingness to pay for the Green Rooftop 
Program. The fourth section asked respondents what desired features they would want on a 
hypothetical green rooftop at a commercial buildings they frequently visit and how often they 
would visit this hypothetical green rooftop. The fifth section included the hypothetical choice 
experiment to determine respondents willingness to pay for a green rooftop installation on the 
commercial building respondents frequently visit. Lastly, the sixth and final section included 
demographics and Natural Environmental Paradigm questions. 
The hypothetical choice experiment includes five attributes, vegetation, amenities, community 
access, solar, and a payment vehicle, each with varying levels. The payment vehicle, is a onetime 
increase in 2021 state income taxes (Appendix A). Each respondent answered a total of eight 
choice sets. Each choice set included three alternatives with an additional option not to accept the 
rooftop installation[35] . The choice sets were randomized via Stata, a statistical program, using 
the command dcreate, which creates efficient designs for discrete choice experiments [1] . The 
choice experiment was analyzed with mixed logit model so both characteristics of the green 
rooftop and the individual can be included in the regression[6] . 
This paper finds that on average 76% of the sample (N = 403) are aware of green rooftops, 57% 
have seen on a green rooftop and 48% have been on a green rooftop. Of the respondents whom 
been on a green rooftop, 78% of the respondents visit at a green rooftop at least once a month. 
The most reported desired features on green rooftops are flowers (48%), grass (40%), and 
walking paths (37%). If a hypothetical green rooftop had respondents desired features then 
respondents would visit the hypothetical green rooftops weekly (45%) and bi-weekly (25%). 
A majority of the sample (73%) supports the Green Rooftop Program and the samples mean 
willingness to pay for the program is $149.00. Further oneway anova analysis reveals that mean 
willingness to pay significantly differs by income bracket (p value = 0.000) and education 
attainment (p value = 0.000). The greatest portion of the sample (29%) fell into the $62,500 
income bracket with a mean willingness to pay of $186, the $30,000 income bracket (10%) had 
mean willingness to pay of $216. For education attainment, holding less than a bachelor’s degree 
(17%) has a mean willingness to pay of $59, having a bachelors degree (63%) has a mean 
willingness to pay of $161, and having a master’s degree (18%) has a mean willingness to pay of 
$191. 
Preliminary mix logit results from the choice experiment find a mean willingness to pay of $53 
for grass, $34 for produce gardens, and $28 for flower gardens compared to bushes and shrubs. 
There is a significant mean willingness to pay of $34 for having solar on the green rooftops 
compared to no solar. A significant mean willingness to pay of $38 for walking paths and $24 for 
benches and sitting area compared to shaded area was reported. While respondents need to be 
compensated $20 for having limited access to the green rooftops compared to open access. It was 
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found Republican and Democrats were willing to pay significantly less than independents $195 
and $300 respectfully for green rooftops.  
As green rooftops will play a vital role in addressing the climate crisis and creating healthier 
cities it is imperative to know United States citizens values, preferences, and attitudes towards 
green rooftops and government support of green rooftops. This paper contributes empirical 
evidence that can help guide policy makers and city designers when creating government 
programs and installations of green rooftops. To the best of the researchers knowledge there is 
little to no research that provides information on citizens views and beliefs of commercial green 
rooftops. 
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A) United States Green Rooftop Policies  

Chicago, Illinois  

• 2014: Green Permit Program  
o Expedited building permit program	
o Project which meet sustainability guidelines may qualify for a waiver of 

consultant codes of $25,000 	
• 2017: Sustainable Development Policy 	

o TIF funds available to multi-family housing project that meet 100 point system→ 
Green roofs will earn 10 points if 50 to 100% of building net area is covered, and 
20 points for 100% coverage 	

§ More than 5 million square feet of green roofs have been installed due to 
this policy 	

Denver, Colorado  
• 2017: Green Building Ordinance  

o Any new buildings or updates to building roofs over 25,000 sq ft must have a cool 
roof and comply with one other Green Building Requirement  

New York City, New York 
• 2011: Green Infrastructure Grant Program  

o For private property owners, Roofs must be between 3500-20,000 square feet. At 
1.5-1.99 inches of soil depth, projects receive $10/square foot; at 2-2.99 inches of 
soil depth projects receive $15/square foot; at 3-3.99 inches of soil depth, projects 
receive $25/square foot; and at 4+ inches of soil depth, projects receive $30/ 
square foot  

• 	2019: Green Factor for New Construction 
o New and existing buildings undergoing major renovations in particular occupancy  

are required to cover 100% of available roof space with sustainable roofing, is  
green rooftop  

New York, State  
• 2008, revised 2019 Green Roof Property Tax Abatement Program  
• 	tax abatement of $5.23/square foot for the installation of a green roof, and in certain high 

need areas, as much as $15 per square foot. At least 50% of the roof must be covered 
with a vegetation layer  

 
Onandaga County, New York 

• 2018: Green Improvement Fund  
o Facility property owners are eligible for grants for the installation of green 

infrastructure for stormwater management, such as green roofs. Green roofs on 
high-priority sites can receive up to 30 cents/ gallon captured, medium-priority 
sites can receive up to 20 cents/gallon, and captured low-priority sites can receive 
up to 10 cents/gallon.  
 

Syracuse, New York 
• Green Improvement Fund  

o Funds available to project using green infrastructure solutions. Almost $4 millions 
awarded towards 37 different projects so far  
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Portland, Oregon  

• 2018: EcoRoof Requiremen  
o New buildings with areas of 20,000 square feet or more must have an ecoroof that 

covers 100% of the budling area  
San Francisco, California  

• 2017: Better Roofs Ordinance 
o New non-residential buildings with an area larger than 2,000 square feet are required 

to have 15% of roof as solar panels or 30% of the roof as green roofs  
Washington, DC  

• 2017: Green Area Ratio	
o All new buildings requiring a certificate of occupancy must meet the Green Area 	

Ratio (GAR). The GAR can be meet by incorporating vegetated roofs. 	
• Green Roof Rebate Program 	

o Funding between $7 and $10 per square foot of green rooftop installations 
Milwaukee, Wisconsin 	

• 2019: Green Infrastructure Partnership	
o Receive credit for storm water capture, an eligible method includes green rooftops 	

• Regional Green Roof Initiative	
o $5 for each square food of approved green roof 	

Montgomery County, Maryland 	
• 2018: Raincapes Reward Rebate Program 	

o $9 per square foot rebate, up to $7,500 for residential buildings install green 
rooftop and up to $20,000 for institutional/commercial properties installing green 
rooftop 	

Philadelphia, Pennsylvania 
• Green Roof Tax Credit  

o A credit of up to 25% of all costs incurred to construct a green roof with a 
maximum of $100,000 per square feet  

Nashville, Tennessee 
• 2016: Green Roof Rebate Program  

o Property owners can receive a rebate of up to $10/square foot of green roof 
installed. The credit is applied over 5 years. The vegetation must cover 80% of the 
roof with hardy, drought resistant plants.  
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