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ABSTRACT
Payments for ecosystem services (PES), or conservation incentives, are an increasingly
popular approach to encouraging natural resources conservation on private lands. The
goal of PES approaches is to motivate conservation by private landowners that would not
otherwise take place by providing an economic incentive. To achieve this goal, incentive
programs must be available to landowners who can provide the desired services;
supportive policy structures must be in place; landowners must be willing to participate
as sellers of ecosystem services; and the program itself must have an institutional
structure that effectively regulates the production, sale, and maintenance of targeted
ecosystem services. This dissertation uses a combination of case study and comparative
research methods to develop new knowledge and tools for assessing each of these
necessary conditions for success. The potential development of an incentive program to
conserve habitat for endangered jaguars in southern Arizona and southwestern New
Mexico is used as a case study to understand the attitudes of ranchers toward
participation in PES programs and related policies and regulations. Results show that
ranchers have strong intrinsic conservation motivations unrelated to economic incentives,
coupled with significant concerns about the impacts of government regulations that could
accompany participation in a PES program. Comparative research of the institutional
structures of existing PES programs is carried out using the Institutional Analysis and
Development framework. Focusing on water quality trading, one of the most common
types of PES program, a classification system for PES program institutional arrangements
is developed and the utility of the classification system for analyzing institutional
diversity is demonstrated. Together, the case study and comparative research provide a
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means of linking empirical assessment of PES governance models with the preferences of
targeted participants, increasing the likelihood of successful conservation outcomes.
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INTRODUCTION
In recent years, the concept of ecosystem services generally, and payment for
ecosystem services (PES) specifically, has become prominent in the conservation biology
literature and in the professional conservation community. Payment for ecosystem
services programs are increasingly called on to improve conservation outcomes, ranging
from increasing forest carbon sequestration to source water protection to habitat and
biodiversity protection. These programs aim to offer a novel approach to incentivizing
conservation activities on private lands (Ferraro and Kiss 2002). Because of the
increasing popularity of PES programs, there is a critical need for systemic analysis of
best practices for the institutional structure of programs based on rigorous policy analysis
and analyses that explicitly link the values and interests of landowners with implications
for program design. Without this knowledge, conservation practitioners lack important
tools to enable the design of PES programs that effectively engage private landowners
and achieve meaningful conservation outcomes.
My long-term research goal is to assess the effectiveness and efficiency of PES
approaches for large landscape conservation. Despite the increasing popularity of PES
approaches, there are significant knowledge gaps about the long-term effectiveness of
PES approaches and the design principles that may result in successful applications of
incentive-based conservation. The specific objectives of this dissertation are to: 1)
understand the current policy environment affecting ranchers’ management of ecosystem
services and their participation in incentive programs in the southwestern 2) assess
landowner attitudes toward conservation and PES in southern Arizona and New Mexico
to determine the key factors for development of a successful PES program in southern
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Arizona and New Mexico and 3) identify patterns of institutional arrangements present in
examples of PES programs in the United States. My central hypothesis is that certain
institutional arrangements and alignment of these institutional arrangements with
stakeholder interests are essential to the success of PES programs. The results of this
research will enable the development of more effective and targeted PES programs.
I address my central hypothesis and research objectives by pursuing three
research aims:
Aim 1) Identify a) current opportunities for ranchers in the southwestern United
States to participate in conservation incentive programs and b) the current state of
federal land management policy relative to production and management of
ecosystem services from rangelands. This information provides ranchers with the
information they need to make informed decisions about managing for ecosystem
services and participating in incentive programs.
Aim 2) Determine the attitudes and perceptions of southern Arizona and New
Mexico ranchers toward conservation, wildlife management for endangered
species, and PES. My hypothesis is that ranchers are supportive of conservation,
but their willingness to participate in PES programs is mitigated by endangered
species policy and mistrust of the federal government.
Aim 3) Classify and evaluate the institutional arrangements (rules) of existing
water quality trading PES programs in the United States to improve our
understanding of institutional structure of PES programs and provide a replicable
method for assessment of PES institutions. My hypothesis, based on the overall
institutional environment in which water quality PES programs operate, is that
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water quality trading programs exhibit limited institutional diversity. Water
quality trading was selected for the initial application of my methods because it is
a common PES program type, allowing development of a large dataset.
This work develops new knowledge about the institutional structure of existing
PES programs and how these institutional arrangements may contribute to program
success. Policy makers and conservation practitioners can apply the results of this work
to improve real world conservation outcomes. This research is also the first step in a
long-term research program into the design, function, and effectiveness of PES programs.
Next steps will involve in-depth analysis of conservation outcomes, equity, and economic
efficiency of the water quality trading programs included in the initial analysis, as well as
expanding the dataset to include additional PES program types. The overall goal of my
research program is to understand if, when, and how the outcomes of PES programs
differ from the outcomes of more traditional approaches to conservation. Existing
research provides little data on actual conservation outcomes of PES programs when
compared to other approaches. Given increasing conservation challenges driven by global
climate change and constrained economic resources, a robust understanding of the
efficiency and efficacy of different conservation approaches is needed (Ferraro and
Pattanayak 2006). This work begins to answer these questions.
This research was carried out at two levels: a regional analysis of policies and
stakeholder attitudes in order to understand the community attributes that would inform
the development of a PES program in southern Arizona and New Mexico (Aims 1 and 2)
and a large-scale institutional analysis of PES programs from across the United States
and Australia to classify the rule structures in place across communities (Aim 3). At the
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regional scale, I use various social science methods – surveys, interviews, workshops,
and focus groups – to understand stakeholder attitudes toward conservation and PES
programs and preferences for different PES program structures. The context for this
research is the 2014 declaration of critical habitat for jaguars, an endangered species, in
southern Arizona and southwestern New Mexico. The US Fish and Wildlife Service, the
regulatory agency responsible for conservation of endangered species, is interested in
incentive-based approaches to jaguar conservation. The jaguar issue provides a case study
opportunity to understand the attitudes of ranchers toward government regulations,
conservation incentives as they relate to these regulations, and intrinsic motivations for
conservation outside the scope of government regulations or economic incentives.
To conduct the large-scale analysis of PES programs, I utilize the Institutional
Analysis and Development Framework (IAD) to develop a classification of PES
programs according to rules-in-form. The classification applies the institutional grammar
and rules typology developed by Crawford and Ostrom (2005). There has been little
formal analysis of PES programs as an institution in their own right. By institution, I
mean “…the prescriptions that humans use to organize all forms of repetitive and
structured interactions…” (Ostrom 2005, p. 3). Institutional analysis seeks to understand
how the biophysical world, community attributes, and rules impact the outcomes of
interactions between actors in a structured interaction. PES is a specific type of institution
that seeks to address common pool resource problems in a specific way – through
transactions that incentivize management and maintenance of ecosystem service flows
from private lands (Muradian et al. 2010; Wunder 2007).

15

Future research will extend the data collected for this dissertation to address my
long term research goals. A grounded theory approach was used to collect data to address
Aims 1 and 2. An overall synthesis presenting the results of this work will be developed.
The results of the individual studies are presented here and in Svancara et al. (2015). The
dataset developed in the course of the institutional analysis work provides a starting point
for inquiry into the causes and effects of institutional diversity on PES programs. I plan to
utilize the rules classification and additional in-depth case studies to test the impact of
community attributes and ecological setting on PES program effectiveness, efficiency,
and equity. Scientific, empirical testing of the ability of PES programs to meet their goals
is needed to avoid significant wasted time and effort in situations where PES programs
are not appropriate (Ferraro and Pattanayak 2006). The rules-based classification of PES
institutional arrangements presented here is a necessary first step in a larger research
program to enable empirical testing of PES programs.
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PRESENT STUDY
The present study consists of five individual papers (Appendix A-E), each
addressing a different aspect of the study Aims. The following sections, grouped by
research aim provide a brief summary of the purpose, methods, findings, significance,
and my individual contribution to each paper in the order they appear in the appendix.
Aim 1: Current Status of Ecosystem Service Management in the Southwest
This research aim is addressed through two papers that examine 1) the impacts of
existing federal land management policies on the provision of ecosystem services from
public and private lands (Appendix A) and 2) current opportunities for ranchers in the
southwestern United States to participating in conservation incentive and PES programs
(Appendix B).
Paper 1: The Effects of Federal Policies of Rangeland Ecosystem Services in the
Southwestern United States (Lien et al. 2015)
This paper examines the major federal laws that apply to the management and use
of public lands in the southwestern United States and summarizes their impact on the
ecosystem services provided by these lands. A literature review of the major federal
laws and policies was conducted. Each law or policy was analyzed to identify specific
mentions of the term “ecosystem services” or language that indicates an impact on
ecosystem services, e.g. human benefits from nature. Results of the literature review
show that most federal laws do not mention ecosystem services, but imply their
management in other terms. Most federal laws governing the use and management of
public lands were written prior to the widespread use to the concept of ecosystem
services. The paper is written as a guide to help ranchers, land managers, and the
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public to understand the implications of federal laws and policies for ecosystem
services from public lands. I led the research, including the collection of documents
for review, analysis of the laws and policies, and primary authorship of the article.
My co-authors helped conceptualize the research, contributed advice on the selection
of laws and policies to include, and provided revisions and comments on the final
article. The paper is published in Rangelands.
Paper 2: Payments for Ecosystem Services for Southern Arizona Ranchers (Lien et
al. 2015)
This paper is intended as a guide to available conservation incentives and PES
programs for ranchers in southern Arizona. A literature review approach was used to
identify conservation incentive programs currently available to ranchers in the region,
with an emphasis on federal Farm Bill conservation programs. These programs are
generally available to all ranchers, are well funded, and carry lower risk than other
incentive of PES programs. Ranchers can use the paper to quickly identify programs
they may be eligible for, evaluate the overall costs and benefits associated with
participation in a given programs, and find resources for where to locate additional
information. I led the research, including the collection of documents for review,
analysis of the programs, and primary authorship of the article. My co-authors helped
conceptualize the research, contributed advice on the selection of programs to
include, and provided revisions and comments on the final article. This paper is
published as an Arizona Cooperative Extension publication.
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Aim 2: Understanding Rancher Attitudes Toward Conservation and PES
I address this research aim by using a survey, interviews, workshops, and q
methodology to gather data about rancher attitudes and perceptions of conservation,
wildlife management, and incentive programs. Results from the interview data are
published elsewhere (Svancara et al. 2015). Two papers examine 1) southern Arizona and
southwestern New Mexico ranchers’ attitudes about ranching and conservation
(Appendix C) and 2) whether conservation incentives can overcome ranchers’ mistrust of
government and concerns about Endangered Species Act (ESA) regulations (Appendix
D).
Paper 1: The Land Ethic of Ranchers: A Core Value Despite Divergent Views of
Government (Lien et al. in Review)
At workshops in the winter/spring of 2015, I conducted a q-methodology study
with ranchers participating in the workshops. The purpose of the q-methodology
study was to develop an understanding of the range of viewpoints held in the ranching
community about what it means to be a rancher. Q-methodology involves
development of a balanced group of statements about the topic of interest, participant
sorting of these statements, and statistical analysis of the results of the participant
sorts using principle components or factor analysis. Results show that there are three
viewpoints prevalent among ranchers in the study region. All identified viewpoints
indicate that, regardless of attitudes toward the government, ranchers share a
conservation ethic. This finding indicates that ranchers have an intrinsic motivation to
participate in conservation efforts, even where mistrust of the government is strong. I
carried out the study, conducted the statistical analysis, and contributed primary
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authorship of the article. My co-authors helped conceptualize the research,
contributed advice on the structure of research questions and implementation of q
method, and provided revisions and comments on the final article. This article has
been accepted with minor revisions by Rangeland Ecology and Management.
Paper 2: Opportunities and barriers for endangered species conservation using
payments for ecosystem services
A survey of southern Arizona and southwestern New Mexico ranchers was
conducted to gather data on attitudes toward wildlife management, the endangered
species act and critical habitat related to the endangered jaguar, and conservation
incentives. The portion of the survey focused on conservation incentives is the subject
of the present paper. A series of Likert scale type questions were used to determine
rancher preferences for different conservation incentive program models and to
evaluate how attitudes toward conservation incentives changed as a result of federal
government involvement and ESA regulations. Findings indicate that conservation
incentives cannot overcome mistrust of government, but may mitigate concerns about
the ESA in certain circumstances. We provide recommendations about approaches to
conservation incentives that may be more likely to gain rancher acceptance. I wrote
the survey, carried out the study, conducted the statistical analysis, and contributed
primary authorship of the article. My co-authors helped conceptualize the research,
contributed advice on the structure of research questions and implementation of the
survey, and provided revisions and comments on the final article. This article is
planned for submission to Environmental Management.
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Aim 3: Institutional Analysis of PES Programs
To address this aim, I conducted an analysis of the institutional arrangements of
21 water quality trading PES programs. The analysis of institutional arrangements was
used to develop a rules-based classification system to enable comparison of cases by
institutional structure. This analysis resulted in a single paper that presents the methods
used to develop the rules-based classification system and applies the classification system
to test the hypothesis that there is limited institutional diversity among water quality
trading PES programs (Appendix E). The IAD Framework’s rules typology and
Institutional Grammar Tool were used to code individual rule statements into generalized
thematic categories of rules and create the overall rules-based classification system.
Analysis of the 21 programs shows significant institutional diversity, resulting in
rejection of the initial hypothesis. The classification system developed through this
research is useful for gaining new knowledge about the form and function of PES
programs. While findings based on water quality trading programs are not directly
applicable to a rangelands context, the classification system is a starting point for
additional analysis of how institutional arrangements affect PES program outcomes. The
coding methodology of the classification system was developed so that it would be
generally applicable to PES programs addressing any resource concern. I conceptualized
the study, collected the data, developed the coding scheme and coded all data, carried out
the analysis, and contributed primary authorship of the article. My co-authors helped
conceptualize the research, contributed to primary data collection, conducted secondary
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coding to test for inter-coder reliability, and provided revisions and comments on the
final article. This article is planned for submission to Ecosystem Services.
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Abstract: On the Ground
•

Rangelands provide a wide array of ecosystem services – the direct benefits
people receive from nature. There is increasing interest by policymakers and
conservationists in managing for these ecosystem services

•

Because of complex land tenure arrangements in the Intermountain West it is
important to understand the impacts of federal resource management laws on
ecosystem services flowing from public and private lands

•

All major federal land management laws are supportive of managing for
ecosystem services. We review the implications of FLPMA, NFMA, NEPA, ESA,
and CWA on ecosystem services on public and private lands.
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Introduction
When the rains come to the Southwest, often as downpours, healthy expanses of
grassland capture and slow the flow of the storm water, and in the process help to
recharge groundwater and control erosion. The range thus provides—in addition to
forage for livestock and habitat for wildlife—many benefits, such as flood control, water
supply, and soil protection. These benefits—that people receive directly or indirectly
from nature—are called ecosystem services1. In general, Southwestern rangelands, when
managed sustainably, provide four types of ecosystem services:
•

Provisioning services supply sources of forage for livestock and wildlife; food for
humans, such as from beef production; and renewable resources, such as timber;

•

Supporting services sustain the basic functioning of rangeland ecosystems
through nutrient cycling in soil, photosynthesis by plants, and other means;

•

Protecting services help nature absorb, or regulate, potentially harmful
disturbances, such as by buffering against flooding in heavy rains; and

•

Cultural services provide a basis for human enjoyment through recreation and
tourism, and support spiritual, religious, or aesthetic values.
Across the Southwest and elsewhere, there is growing interest among landowners,

resource managers, and researchers to understand better how ecosystems—such as
rangelands, forests, and streamside areas—function, and to identify the types and value of
the services they provide to society2. Relatedly, there is a need to look more closely—
from the perspective of ecosystem services—at the effects of different resource
management approaches to see which options yield the most benefits, and why3,4,5.
Knowledge from such studies could guide policies and programs for land management,
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such providing economic incentives to private landowners to help them sustain existing,
or derive new, ecosystem services from their lands6. As it stands now, there are few
incentive programs, economic or otherwise, to encourage landowners to maintain or
generate ecosystem services through sustainable range management.
Though the concept of ecosystem services has emerged as a tool for natural
resources management, generally, its use for rangeland management is limited. Several
publications—including articles in a special issue of Rangelands (October 2011)—have
discussed ecosystem services provided by sustainable range management, showing a
clear interest in the topic by researchers and land managers7,8. However, there are few
documented examples of policies or programs that explicitly consider ecosystem services
as a factor in decision-making. This is particularly striking for federal laws and
regulations, which guide resource management for significant portions of the western
United States.
Federal Policies and Rangeland Ecosystem Services
All of the major public land management laws predate the emergence of the
ecosystem service framework as an approach to analyze and manage natural resources.
Despite this, federal natural resources policies do influence what, how, and where
ecosystem services are produced on Southwestern rangelands, especially on public lands.
Five federal laws, in particular, have a disproportionate effect on public lands
used for livestock grazing: the Federal Land Policy and Management Act (FLPMA),
National Forest Management Act (NFMA), National Environmental Policy Act (NEPA),
Endangered Species Act (ESA), and Clean Water Act (CWA). The first two laws govern
the core functions, respectively, of the Bureau of Land Management (BLM) and the U.S.
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Forest Service (USFS), which manage most of the public lands on which grazing takes
place. The latter three laws guide key national environmental policies.
In the following sections, we describe the purpose and intent these laws and their
related policies. We review the potential effects the laws might have on the provision of
ecosystem services from public rangelands. We also note when and how each law might
affect ecosystem services on private land.
Federal Land Policy and Management Act
Purpose
The Federal Land Policy and Management Act (FLPMA) authorizes the Bureau
of Land Management (BLM) to manage public lands with a stated goal of multiple use
and sustained yield. FLPMA requires comprehensive land-use planning for all BLM
lands, defines the basic functions of the agency, and provides guidelines to manage
grazing lands and rights-of-way.
Effects on Public Lands
While the term ecosystem services does not appear in FLPMA, the law does
affect the provision of ecosystem services from BLM land simply by regulating the
management of those lands. FLPMA contains several formal declarations of policy,
stating that “the public lands [will] be managed in a manner that will protect the quality
of scientific, scenic, historical, ecological, environmental, air and atmospheric, water
resource, and archeological values; that, where appropriate, will preserve and protect
certain public lands in their natural condition; that will provide food and habitat for fish
and wildlife and domestic animals; and that will provide for outdoor recreation and
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human occupancy and use”9. In essence, this policy calls for the maintenance of
ecosystem services on BLM-managed lands.
Resource management plan
FLPMA requires the BLM to develop resource management plans for the public
lands it manages. A resource management plan provides general direction for how the
BLM will manage lands in a given region to meet the agencies objectives for multiple use
and sustained yield. Resource management plans are typically developed at the field
office or unit level. For example, in Arizona, there are separate resource management
plans in place for the Ironwood Forest National Monument, a monument managed by the
BLM, and for the Lower Sonoran Decision Area, an area managed by the BLM’s Lower
Sonoran Field Office.
FLPMA provides only general guidelines to develop resource management plans.
The law contains no requirement for how frequently plans must be developed or updated.
In creating plans, the BLM is required to follow the principles of multiple use and
sustained yield, apply an interdisciplinary approach that considers both natural resources
management and economics, prioritize protection of areas designated as having special
environmental values, consider all potential uses of public lands, consider long and shortterm benefits of planning decisions, comply with applicable pollution control laws, and
coordinate with other agencies and Native American tribes.
In practice, BLM resource management plans generally do not apply an
ecosystem services framework. For example, the recently completed Lower Sonoran
Resource Management Plan in Arizona makes no mention of the phrase ecosystem
services. However, the BLM plans do affect the provision of ecosystem services from the
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lands the agency manages. The decisions made in a resource management plan—
including those about grazing, recreation, and conservation planning—have a significant
impact on the ability of the planning unit to continue to provide certain ecosystem
services. Furthermore, the effects of BLM planning on ecosystem services are specific to
each resource management plan.
Public lands grazing management
FLPMA also contains the regulations for grazing on federal lands, including rules
for grazing fees, leases, and permits. The federal grazing program is a use of a
provisioning ecosystem service—forage—provided by the public lands. FLPMA
acknowledges that public rangelands in the western United States were degraded at the
time the Act was passed in 1976. The law seeks to improve range conditions by
modifying the grazing program and authorizing funding for range improvements. In
effect, these policies seek to improve the flow of ecosystem services from public
rangelands.
The BLM and the U.S. Forest Service (only for forests in the 16 western states
excluding Hawaii and Alaska) have discretionary authority to develop allotment
management plans for grazing. Allotment management plans specify how grazing and
range management will take place on a given allotment, including the size of the herd and
the seasons the allotment may be used for grazing. The conditions set out in the allotment
management plan, or in the grazing permit itself, will impact the type and quantity of
ecosystem services provided by public lands.
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Effects on Private Lands
FLPMA applies only to federal lands managed by the BLM (and the U.S. Forest
Service) and does not have a direct impact on private lands. However, planning and
management decisions that affect ecosystem service provision from public lands may
also impact users of those services on private lands. For example, implementation of a
management plan calling for forest thinning may impact water-related ecosystem
services. Forest thinning can reduce fire risk and increase the ability of the forest to
provide clean water to downstream users. Management plans also designate uses for
different parts of the landscape, impacting cultural services, such as recreation and
aesthetic value. The public may engage in the BLM planning process through public
meetings, public comment periods, and the NEPA process (see below).
National Forest Management Act
Purpose
The National Forest Management Act (NFMA) is the primary legal directive for
the management of national forest lands by the U.S. Forest Service. NFMA requires
resource management planning for every national forest every 15 years and provides the
legal framework for the U.S. Forest Service’s timber sale program.
Effects on Public Lands
Without mentioning ecosystem services specifically, NFMA has a significant
impact on the flow of ecosystem services from national forests. The explicit resource
management mandate of NFMA is, “to serve the national interest, the renewable resource
program must be based on a comprehensive assessment of present and anticipated uses,
demand for, and supply of renewable resources from the Nation’s public and private
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forests and rangelands, through analysis of environmental and economic impacts,
coordination of multiple use and sustained yield opportunities as provided in the
Multiple-Use, Sustained-Yield Act of 1960, and public participation in the development
of the program”10. The mandate of the U.S. Forest Service, similar to that of the BLM, is
multiple use and sustained yield of natural resources from the national forests. This
policy affects provisioning ecosystem services such as timber, and other ecosystem
services such as clean water and recreation.
National forest planning
NFMA provides general guidelines for land use and resource management
planning for the national forests. These guidelines are interpreted and enacted by the U.S.
Forest Service through the Planning Rule, which was last updated in 2012. NFMA
requires forest plans explicitly provide “for multiple use and sustained yield of the
products and services obtained therefrom”10. The “products and services” includes
“outdoor recreation, range, timber, watershed, wildlife and fish, and wilderness”10. This
scope covers a wide range of ecosystem services, including provisioning services such as
timber production, regulating services such as clean water and flood control provided by
watersheds, cultural services including recreation, and supporting services such as
biodiversity.
The 2012 Planning Rule provides specific guidance to implement the planning
mandates of NFMA. The Planning Rule requires detailed resource assessments for each
national forest. The rule’s intent is to provide collaborative, science-based management
of the national forests. Forest plans must take into account social, economic, and
ecological resources. In addition, the Planning Rule requires a landscape-scale approach

34

to planning. This means that forest plans must consider resources inside national forests
and resources on private lands adjacent and near national forests. The goal of the
landscape-scale approach is to understand the impacts of management on national forests
on neighboring resources.
The 2012 Planning Rule is also one of the few federal policies to explicitly
incorporate the concept of ecosystem services and to require consideration of the impacts
of U.S. Forest Service management on the ecosystem services provided by national
forests11. The specific impacts on particular ecosystem services and the priorities of a
given national forest are dependent on the specifics of the forest plan for each national
forest.
Timber sale program
NFMA also provides guidelines for how the Forest Service must carry out its
timber sale program. The timber sale program is the primary instrument of extraction of
provisioning ecosystem services from the national forests. The specific manner in which
the timber sale program is executed in a given national forest will have a significant
impact on ecosystem services. Timber sales also affect the ability of forests to provide
other ecosystem services such as flood control, water filtration, erosion control and
sediment control, and biodiversity. Timber sale planning is a component of the forest
planning process. During the planning process the overall direction of the timber sale for
each national forest is set, including analysis of the impacts of timber sales on natural
resources.
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Effects on Private Lands
NFMA applies only to federal lands managed by the U.S. Forest Service and does
not have a direct impact on private lands. However, decisions made through the planning
process that impact ecosystem services on public lands may impact users of those
services on private lands. For example, timber management has impacts on water quality
in streams, which may affect downstream water users. These impacts may be positive or
negative depending on the management practices used in the course logging operations.
Beginning with the 2012 Planning Rule, national forests are required to take an “all
lands” approach when developing forest management plans11. The all lands approach
requires the U.S. Forest Service to explicitly consider the ecological impacts of national
forest management beyond the boundaries of the federally owned forest. This is a
significant change. In the past, national forest managers were not required to consider the
implications of public lands management on adjacent private landowners. This mandate
does not, however, give the U.S. Forest Service any regulatory control over neighboring
private lands. The public may also participate in the U.S. Forest Service planning process
through public meetings, public comment periods, and the NEPA process.
National Environmental Policy Act
Purpose
The National Environmental Policy Act (NEPA) affects all aspects of federal
environmental and natural resources policy, including the management of Southwestern
rangelands. NEPA requires analysis of the environmental impacts of any major federal
action. These analyses must consider alternatives to the proposed federal action and
provide an environmental analysis of alternatives, including the federal agency’s
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preferred alternative. NEPA’s requirements apply even if the federal government is only
providing funding for a project, through what is called a federal nexus. A federal nexus
exists when a project is supported by federal funding or otherwise requires a federal
action, such as a permit, even for actions on private land12. The purpose of NEPA is not
to regulate federal actions; instead the law requires disclosure of the potential
environmental impacts of federal actions. Because of NEPA’s requirement to consider
alternatives to the proposed action and to review the environmental consequences of each
option, NEPA can act as a planning tool for both public and private land managers.
Effects on Public Lands
While NEPA itself does not directly regulate natural resources or land
management, it does have an influence on actions taken by the federal government. All
federal actions, including issuance of permits on grazing allotments and development of
forest management plans, are subject to NEPA. When issuing a grazing permit, the
relevant agency (U.S. Forest Service or Bureau of Land Management) must conduct a
NEPA assessment, which considers the environmental impacts of grazing on public
lands. This typically will include a review of alternatives based on existing management
practices, on no grazing, and on a modified management regime.
NEPA does not explicitly require the consideration of ecosystem services in
environmental assessments. However, in 1999, the U.S. Environmental Protection
Agency issued guidance for how agencies should consider ecological processes in the
development of NEPA analyses. This guidance specifically calls for the evaluation of
ecosystem services in the course of completing an environmental impact statement13. For
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example, analysis of the impacts of grazing on public lands will necessarily include
information on forage usage, soil erosion, and recreation.
Effects on Private Lands
NEPA has limited direct impact on private lands. As mentioned above, though, in
cases where private landowners are implementing management actions or other activities
with federal funding, NEPA may apply because of a federal nexus. When a NEPA
evaluation is required, it helps landowners understand the potential impacts of the project
on the ecosystem services provided by their property.
Endangered Species Act
Purpose
The purpose of the Endangered Species Act (ESA) is to “provide a means
whereby the ecosystems upon which endangered species and threatened species depend
may be conserved, [and] to provide a program for the conservation of such endangered
species and threatened species”14. The ESA provides a process by which the U.S. Fish
and Wildlife Service may determine and legally designate a species as threatened or
endangered. When a species is legally designated as threatened or endangered, it becomes
illegal to harm the species in any way. The U.S. Fish and Wildlife Service may also
designate “critical habitat” for threatened or endangered species. Critical habitat is an
area, such as an old growth forest, considered essential to the survival and recovery of an
endangered species. The purpose of critical habitat is to help promote the recovery of
threatened and endangered species by identifying the most important habitat for that
species. Critical habitat designations do not affect private lands, except in cases where
there is a federal nexus.
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Effects on Public Lands
The ESA has the potential to significantly influence the flow of ecosystem
services because of the law’s provisions to protect both species and species’ habitat. The
ESA’s explicit goal of preventing extinction of plant and animal species means the law is
directly supporting biodiversity, a supporting ecosystem service. Similarly, by providing
the authority to protect habitat essential to preventing extinction of an endangered
species, the ESA provides a means of protecting the habitat characteristics that an
endangered species depends upon. These habitat characteristics may generate ecosystem
services that are also beneficial to humans.
The ESA does have significant limitations. It does not provide the authority to
directly protect, manage, or restore ecosystem services. Rather, it only provides the
authority to take actions to protect species from harm and to protect habitat that is
essential to the species’ survival. In protecting habitat, the emphasis is on conserving the
habitat conditions that are important to the endangered species rather than for any larger
habitat or ecosystem service management goal. Management actions taken to protect an
endangered species’ habitat may have positive or negative effects on the provision of
other ecosystem services.
Effects on Private Lands
The ESA does affect private lands. When a species is listed as threatened or
endangered under the provisions of the Act, it is always illegal to knowingly harm that
species. Landowners my need to alter management practices to avoid harming
endangered species. These changes may also alter the flows of ecosystem services from
the landowners’ property. When the U.S. Fish and Wildlife Service has designated
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critical habitat for a species, activities on private lands may be subject to review by the
U.S. Fish and Wildlife Service in cases where a Federal nexus exists. For example,
through the Farm Bill farmers and ranchers can receive funding to implement
management practices on their private lands. Because these projects are federally funded,
participating farmers and ranchers must follow federal laws, including NEPA and the
ESA. When a project has the potential to impact an endangered species, the landowner or
the agency funding the project must conduct a “consultation” with the U.S. Fish and
Wildlife Service. A consultation is a formal review by the U.S. Fish and Wildlife Service
to determine the impacts of the project on the endangered species. A consultation may
result in a finding that there is no impact or a positive impact on the species, or that there
is a negative impact. When there is a negative impact, the agency may require changes to
the project, prevent the project for taking place, or require the impacts of the project be
offset through protection of habitat for the impacted species at a different site.
Clean Water Act
Purpose
The Clean Water Act (CWA) regulates pollution of surface waters of the United
States. A surface water of the United States is any “navigable” stream or lake, and
includes wetlands in some cases. Any discharge of pollutants, modification, or
destruction of waters of the United States is regulated by the CWA through the National
Pollutant Discharge Elimination System (NPDES) permit program. The goal of the
NPDES is to reduce or eliminate the release of pollutants into streams or wetlands from
point sources. Point sources are direct, measurable sources of pollution, such as from a
wastewater treatment plant or an industrial facility. Non-point sources, such as

40

agricultural and urban runoff, are not regulated through the NPDES system. The CWA
also includes provisions to prevent the destruction of wetlands.15
Effects on Public Lands
The CWA, with its focus on limiting water pollution elimination and preventing
the destruction of streams and wetlands, plays a significant role in the maintenance and
restoration of ecosystem services. These ecosystem services include clean water, water
filtration, flood control, and erosion control. The CWA may affect rangelands by
regulating impacts on streams and wetlands in areas used for grazing. For example, a
rancher may need to obtain permits to modify a stream channel, even if the intent is to
prevent erosion.
The CWA is the impetus for several payments for ecosystem services programs.
Payments for ecosystem services are an approach to conserving and restoring ecosystem
services using incentives or markets. There are two approaches to payments for
ecosystem services resulting from CWA regulations. The first is programs to reduce
water pollution. These programs typically function similar to a cap-and-trade system:
farmers implement practices to capture nitrogen and phosphorus that might otherwise run
off of their fields and in return are able to sell discharge offsets to wastewater treatment
plants. The second payment for ecosystem services program is wetland mitigation
banking. When wetlands are destroyed in the course of development, the loss of wetlands
may be offset through creation or restoration of wetlands elsewhere. Private landowners
create and restore wetlands and sell offsets to private developers who have destroyed
wetlands. The common thread between these payments for ecosystem services programs
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is that the reduction and elimination of pollution and destruction of wetlands and streams.
The CWA is a key law for the preservation of water related ecosystem service flows.
Effects on Private Lands
The CWA applies to all waters of the United States, regardless of whether they
pass through public or private lands. Therefore, the CWA’s regulations are applicable
regardless of the type of land ownership. Specific regulations stemming from the CWA
can vary from one place to another based on the degree of pollution in a given stream.
For streams with ongoing, unaddressed pollution issues, the Environmental Protection
Agency may develop a total maximum daily load (TMDL) regulation. In the absence of a
TMDL, the CWA regulates modification and destruction of streams and wetlands, but
does not regulate non-point source pollution. Non-point source pollution from animal
waste is the most common type of pollution generated by agricultural production
activities, including some grazing. When a TMDL is present on a stream, additional
regulations may apply, including regulations that impact private landowners. These
regulations, and the impact they have on ecosystem services, are specific to the
circumstances of each TMDL.
Conclusions
From even a brief review of the key federal laws governing the management of
western public lands, it is clear that existing policies support the provision of ecosystem
services. No additional legislation is needed to enable the Bureau of Land Management
or the U.S. Forest Service to begin to consider ecosystem services in their decisionmaking. While the term “ecosystem services” had not been coined until after all of the
significant land management laws were enacted, it is clear from the language of the laws
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that the drafters had what we now call ecosystem services in mind. The Federal Land
Policy and Management Act, NFMA, and NEPA are at their core people-focused laws.
When NFMA speaks of ensuring clean water and when FLPMA mandates multiple-use,
sustained-yield management, the laws are directing managers to maintain ecosystem
services.
While the language of the laws provides the framework to support management
for ecosystem services on public lands, rule-making can make this goal explicit. Nowhere
is this clearer than in the Forest Service’s National Forest Planning Rule, which after its
2012 update, requires consideration of management impacts on ecosystem services.
Though the Forest Service was already permitted by NFMA to manage for ecosystem
services, the 2012 Planning Rule is the first explicit statement of national policy by the
Forest Service’s leadership that it will do so. In this respect, the 2012 Planning Rule is a
model for how other land management agencies can incorporate management for
ecosystem services into their planning and management processes.

43

Literature Cited:
1. Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-Being:
Synthesis. Washington, DC, USA: Island Press. Available At:
http://www.who.int/entity/globalchange/ecosystems/ecosys.pdf.
2. Nabhan, G. P., L. López-Hoffman, H. Gosnell, J. Goldstein, R. Knight, C. Presnall, L.
Gwin, D. Thilmany, and S. Charnley. “Payments for Ecosystem Services:
Keeping Working Landscapes Productive and Functioning.” In S. Charnley, T. E.
Sheridan, and G. P. Nabhan [eds.]. Stitching the West Back Together. Chicago,
IL: University of Chicago Press.
3. National Ecosystem Services Partnership (NESP). 2015. Federal Resource
Management and Ecosystem Services Guidebook. https://nespguidebook.com/.
Accessed on February 12, 2015.
4. Presnall, C., L. López-Hoffman, and M. L. Miller. 2014. “Adding Ecosystem Services
to Environmental Impact Analyses: More Sequins on a ‘bloated Elvis’ or Rockin’
Idea?” Ecological Economics: doi:10.1016/j.ecolecon.2014.02.001.
5. U.S. Forest Service (USFS). 2014. Marsh Draft Environmental Assessment. Cresent,
OR, USA: US Forest Service Crescent Ranger District. Available at:
http://data.ecosystemmanagement.org/nepaweb/nepa_project_exp.php?project=40231
6. Ferraro, P. J., and A. Kiss. 2002. “Direct Payments to Conserve Biodiversity.” Science
298 (November): 1718–19.
7. MacLeod, N. D., and J. R. Brown. 2014. “Valuing and Rewarding Ecosystem Services
From Rangelands.” Rangelands 36 (2): 12–19.

44

8. Budd, B. 2002. Blue Birds and Black Cows. In: R. L. Knight, W. C. Gilgert, and E.
Marston [eds.]. Ranching West of the 100th Meridian. Washington, DC, USA:
Island Press. p.
9. Federal Land Policy and Management Act (FLPMA). 2001. The Federal Land Policy
and Management Act of 1976, As Amended. Washington, DC, USA: US Bureau
of Land Management. Available at: http://www.blm.gov/flpma/FLPMA.pdf
10. National Forest Management Act (NFMA). 1976. The National Forest Management
Act of 1976. US Forest Service: Washington, DC. Available at:
http://www.fs.fed.us/emc/nfma/includes/NFMA1976.pdf
11. U.S. Forest Service (USFS). 2012. 2012 Planning Rule. Washington, DC, USA: US
Forest Service. Available at: http://www.fs.usda.gov/planningrule
12. Council for Environmental Quality. 2015. CEQ Regulations for Implementing NEPA.
https://ceq.doe.gov/ceq_regulations/regulations.html. Accessed: February 12,
2015.
13. Environmental Protection Agency (EPA). 1999. Considering Ecological Processes in
Environmental Impact Assessments. Washington, DC, USA: US Environmental
Protection Agency, Office of Federal Activities. Available at:
http://www.epa.gov/compliance/resources/policies/nepa/ecological-processes-eiapg.pdf
14. Endangered Species Act (ESA). 1973. Endangered Species Act. Washington, DC,
USA: US Fish and Wildlife Service. Available at:
http://www.fws.gov/endangered/laws-policies/

45

15. Clean Water Act (CWA). 2002. Clean Water Act. Washington, DC, USA: US Senate
Environment and Public Works Committee. Available at:
http://www.epw.senate.gov/water.pdf

46

APPENDIX B: PAYMENTS FOR ECOSYSTEM SERVICES FOR SOUTHERN
ARIZONA RANCHERS
Lien, AM, W Vanasco, L López-Hoffman, and G Ruyle. 2015. Payments for Ecosystem Services
for Southern Arizona Ranchers. Publication AZ1658. The University of Arizona, College of
Agriculture and Life Sciences, Cooperative Extension. http://uacals.org/34g

47

Payments for Ecosystem Services for Southern Arizona Ranchers
Aaron M. Lien1, Wendy Vanasco2, Laura López-Hoffman3, George Ruyle1
1. Introduction
Ranching in southern Arizona is dependent on large expanses of open, healthy
rangelands. These rangelands provide the forage and water that support livestock and
enable sustainable ranching. In addition to grazing, rangelands provide many other
benefits to people and nature. These benefits include wildlife habitat for common and
rare species; forage for species such as deer and pronghorn, which in turn are prey for
mountain lions and black bears; soil and nutrient cycling that supports the continued
production of grasses and other plants; the ability to hold and store water; pollination of
crops and other plants; and many others. These benefits are often referred to as ecosystem
services: the services – or benefits – that people receive from ecosystems – the
community of plants, animals, and biological processes that collectively make up what
we call rangelands.
Over the past several decades, scientists have engaged in research to increase our
understanding of how ecosystems work. This research includes efforts to detail the
ecosystem services provided by nature to humans and even to place an economic value
on these services to help policymakers understand the benefits we all receive from natural
systems. More recently, land managers, policy makers, and conservationists have sought
to find ways to pay landowners for the ecosystem services flowing from private lands that
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provide a benefit to the public or other resource users. These efforts are called payment
for ecosystem services programs. They take many forms, some familiar, some not so
familiar.
An example of a payment for ecosystem services approach that may be familiar to
southern Arizona and southwestern New Mexico ranchers are those sponsored by the
United States Department of Agriculture (USDA) Natural Resources Conservation
Service (NRCS) and funded by the Farm Bill. These programs include cost share
programs like the Environmental Quality Incentives Program (EQIP) and the
Conservation Stewardship Program (CSP). Both of these programs support rangeland
conservation by paying a significant portion of the cost of management practices like
erosion-control structures and wildlife-friendly fencing. While not termed payment for
ecosystem services programs by NRCS, these programs have the practical effect of
paying ranchers for work that improves the natural functions of rangeland ecosystems.
These improvements often have positive impacts beyond the borders of a single ranch.
Payment for ecosystem services programs can be simple, as in the example of
NRCS programs, or complex. The Malpai Borderlands Group grassbank program could
be considered a more complex payment for ecosystem services program. Under the
grassbank program, a rancher is given access to forage on a nearby ranch when forage is
scarce on his or her own ranch (the “payment”) in return for a reciprocal conservation
agreement (the “ecosystem service”). In both the example of NRCS conservation
programs and the Malpai Borderlands Group grassbank program, specific ecosystem
services are not quantified. In other cases, ecosystem services are quantified. An example
of payments for a specific, quantified ecosystem service is habitat conservation banking.
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In this case, a landowner voluntarily sets aside a portion of his or her land and manages it
for a threatened or endangered species. When the landowner has successfully restored
habitat for the species, he or she can then sell credits to developers to offset destruction of
habitat elsewhere.
As is seen in these examples, ranchers can directly benefit from participating in
payment for ecosystem services programs. In the examples given, a rancher could benefit
from sharing the cost of implementation of management practices that will make his or
her ranch more productive, from increased flexibility in times of drought by participation
in a grassbank, or from direct income through the sale of habitat conservation credits. In
each case, the goal of the payment for ecosystem service programs is to improve the
quality of rangelands or wildlife habitat while also providing a direct, material benefit to
the participating rancher. Payments for ecosystem services can provide ranchers with the
means to improve management and diversify sources of income within the existing ranch
business model.
2. Information in this Report
The purpose of this report is to introduce ranchers to payment for ecosystem
service programs for which they may be eligible. The report provides information on the
major payment for ecosystem service programs currently available in southern Arizona
and southwestern New Mexico, how each program works including the type and amount
of payments offered, and eligibility requirements for each program. Whether a ranch is
eligible or a good fit for a specific program is dependent on the specific location and
characteristics of the ranch and the interest of the property owner in engaging in a
program.
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The report divides programs into two basic categories: government-sponsored and
funded programs and privately funded programs.
3. Government-Sponsored and Funded Payment for Ecosystem Service Programs
Government-supported payment for ecosystem service (PES) programs are
financed by local, state, or federal government dollars. Most programs are federally
funded. When considering participation in a publically funded program, it is important to
understand the regulatory implications. By participating in federal payment for ecosystem
service programs, for example Farm Bill programs, a “federal nexus” may be created for
purposes of federal environmental regulations. A federal nexus exists when projects that
take place on private land are funded with federal dollars. Examples of potential impacts
of a federal nexus may include environmental project review to meet the requirements of
the National Environmental Policy Act and regulations under the Endangered Species
Act. When considering participation in a government-funded program, always make sure
to ask questions so you have a full understanding of the implications of the funding.
Usually, the staff at your local NRCS or Natural Resources Conservation District office
can help you understand the implications of participating in a publically-funded program.
3.1 Farm Bill Programs
The primary source of public funding for ecosystem services and other
conservation activities is the Farm Bill. The Farm Bill includes a section, the
Conservation Title, which creates several different programs to encourage conservation
activities by agricultural producers, including farmers and ranchers. Before the enactment
of the 2014 Farm Bill, there were at least 20 agricultural conservation programs. The new
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Conservation Title reduces and consolidates the number of conservation programs in an
effort to streamline programs for producers.
Many of the larger conservation programs, such as the Conservation Reserve
Program (CRP), the Environmental Quality Incentives Program (EQIP), and the
Conservation Stewardship Program (CSP) are still included. Other smaller and
overlapping conservation programs are now rolled into these larger programs. The
Environmental Quality Incentives Program assists producers by sharing the cost of
adoption of new management practices is reauthorized with a new 5% funding carve-out
for wildlife habitat practices. This funding carve-out for wildlife is similar to the Wildlife
Habitat Incentives Program (WHIP), which has been folded into EQIP.
The 2014 Farm Bill also creates two new conservation programs – the
Agricultural Conservation Easement Program (ACEP) and the Regional Conservation
Partnership Program (RCPP) – out of several of the existing programs, including the
Wetlands Reserve Program (WRP), Farmland and Ranchland Protection Program
(FRPP), and Grasslands Reserve Program (GRP). The Agricultural Conservation
Easement Program retains most of the provisions from the individual programs that it
consolidates by establishing two types of easements: wetland reserve easements (similar
to WRP) that protect and restore wetlands, and agricultural land easements (similar to
FRPP and GRP) that prevent non-agricultural uses on productive farms or grasslands.
The Farm Bill requires Congressional reauthorization every five years, though
this deadline is often extended. During the reauthorization process, the programs included
in the Farm Bill often undergo changes that may affect producers’ eligibility to
participate, the types of practices or incentives available, or even the existence of
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programs. For example, in the 2014 Farm Bill the Wildlife Habitat Incentives Program
was eliminated, but wildlife funding was added to the Environmental Quality Incentives
Program. Figure B1 shows the differences between the 2008 and 2014 Farm Bill and how
programs we combined. The information in this report applies only to the 2014 Farm Bill.
Information about Farm Bill conservation programs included in this report is drawn and
adapted from information available on the NRCS websites listed at the end of each
section.
Farm Bill conservation programs are administered by NRCS with significant
input from state and local technical committees. The purpose of the state and local
technical committees is to advise NRCS on conservation priorities, emerging natural
resource concerns, standards for implementation of different conservation practices, cost
share rates for different conservation practices, and develop ranking criteria for program
applications. State and local technical committees are selected by NRCS and are
representative of the state agricultural community. The decisions made by the state and
local technical committees have important impacts on how conservation programs are
administered. For example, the state committee and local committees each establish
ranking criteria that is used to select EQIP applications for funding. The ranking criteria
differ from state to state and by region within states. Ranchers serving on the technical
committees can influence the ranking criteria.
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Figure B1: The 2008 and 2014 Farm Bills: What Changed?
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3.1.1 Financial Assistance Programs
The 2014 Farm Bill provides three financial assistance programs to help
agricultural producers implement and maintain conservation improvements on their land.
The NRCS administers EQIP and CSP. The Conservation Reserve Program is a land
conservation program administered by the Farm Service Agency (FSA).
3.1.1.1 Environmental Quality Incentives Program
The Environmental Quality Incentives Program is a voluntary program that
provides financial and technical assistance to agricultural producers through contracts up
to ten years in length. These contracts provide financial assistance to help plan and
implement conservation practices that address natural resource concerns on agricultural
lands, such as improvements to soil, water, plant, animal, air and related resources. For
example, a rancher may apply for EQIP funding to enable the installation of new fencing
in order to implement a managed grazing programs. A different rancher may apply for
funding to convert a well pump feeding a stock tank from a diesel pump to a solar pump.
Producers can also use EQIP funding to meet Federal, State, tribal and local
environmental regulations. Figure B2 shows the general application process for EQIP.
Local NRCS offices assist producers throughout the application process.
The 2014 Farm Bill folds WHIP into EQIP. The wildlife portion of EQIP is a
voluntary program that pays up to 75 percent of the cost for private landowners to
implement management practices that enhance wildlife habitat on their land. The
program is not limited to agricultural lands, but participants must be agricultural
producers. Examples of eligible conservation practices include restoring native prairie
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grasses, performing forest management practices, and improving riparian and wetland
areas. A minimum of 5% of EQIP funding will go to wildlife practices.
Application Requirements:
Owners of land in agricultural or forest production or persons who are engaged in
livestock, agricultural, or forest production may participate in EQIP. Eligible land
includes:
•

cropland

•

rangeland

•

pastureland

•

non-industrial private forestland

•

other farm or ranch lands

Figure B2: EQIP application process; most Farm Bill conservation programs are
administered by NRCS and follow a similar application process.
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Applicants must also control or own eligible land, comply with adjusted gross income
limitation (AGI) provisions, be in compliance with highly erodible land and wetland
conservation requirements, and develop an NRCS EQIP conservation plan of operations.
Additional restrictions and program requirements may apply.
How EQIP Works:
Local NRCS conservationists will help applicants develop a conservation plan,
identify conservation measures, and pursue funding. Many specific features of EQIP are
determined by NRCS State Conservationists with advice from local working groups and
State Technical Committees. If you are interested in EQIP, you should work with the
local NRCS office to identify and plan the conservation practices. The first step is to
schedule a meeting with NRCS to discuss program options and develop a conservation
plan before moving forward. If you already have a conservation plan with NRCS, you
can skip the conservation planning step, but should still meet with NRCS about
management practices. The program is competitive. Ranchers submit applications for
EQIP contracts that are ranked based on criteria developed by both the NRCS National
Headquarters and NRCS State Conservationists.
Participating ranchers sign a contract with USDA that requires them to implement
management practices in return for payments and technical assistance.
Payments:
Payments for EQIP management practices are “cost-share” payments – the NRCS
pays a portion of the cost to implement a management practice and the rancher pays the
remaining amount. The exact payment levels vary by management practice, but are
capped at 75% of the expected cost of implementation. Ranchers who meet the criteria of
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limited resource farmers, beginning farmers and ranchers, and socially disadvantaged
farmers are eligible for higher payment rates and may receive an upfront payment of up
to 50 percent. Otherwise, participating ranchers are reimbursed for the cost of projects
after they have been completed.
Payment and Benefit Limitations:
The Farm Bill sets specific limits for the amount of conservation incentive
payments an individual rancher can receive. Program participants may not receive,
directly or indirectly, payments that, in the aggregate, exceed $300,000 for all EQIP
contracts entered into during any six-year period. Participants whose projects NRCS
determines to have special environmental significance may petition the NRCS Chief for
the payment limitation to be waived to a maximum of $450,000.
Conservation program benefits are also limited to individuals or entities with an
AGI of $1 million per year or less, unless two-thirds of that money is derived from
agriculture, ranching, or forestry operations. The limit is based on the 3 tax years
immediately preceding the year the contract with NRCS is signed.
This information summarizes and is adapted from more detailed program
information available on the NRCS website; for additional information about this
program:
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/
3.1.1.2 Conservation Stewardship Program
The Conservation Stewardship Program provides technical and financial
assistance to ranchers to maintain existing conservation practices and to implement new
management practices. The types of management practices eligible for CSP payments
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include practices that improve soil quality, water quality, water quantity, air quality,
habitat quality, and energy efficiency. For example, the CSP program can provide
additional financial resources to improve and maintain livestock watering systems.
According to NRCS, CSP provides two types of payments through five-year
contracts: annual payments for installing new conservation activities and maintaining
existing practices and supplemental payments for adopting a resource-conserving crop
rotation. Producers who successfully fulfill their initial contract may be eligible to renew
their contract if they agree to implement additional conservation practices.
Eligibility:
Private and tribal pastures and rangelands are eligible for CSP. The Conservation
Stewardship Program is available to all ranchers, regardless of operation size. Applicants
must demonstrate they have control over the lands they intend to enroll in the program.
Conservation Stewardship Program applicant eligibility, as well as ranking and payment
levels, are tied to how well a rancher is addressing priority natural resource concerns on
their land. Priority resource concerns are determined at the state level and can include for
example, soil quality, water quality, wildlife habitat, plant diversity, energy conservation,
and soil erosion. The Arizona state NRCS web site provides a list of priority resource
concerns. Conservation Stewardship Program applicants must address at least one
priority resource concern to the “stewardship threshold” level or above at the time of
application to be eligible. The stewardship threshold is a minimum level of conservation
and varies by resource concern.
Applicants must also agree to adopt or install additional conservation practices
during the contract period, and to address at least one more priority resource concern to
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the stewardship threshold level during the first 5-year contract period. Ranchers who do
not meet the eligibility threshold for CSP may qualify for EQIP. EQIP cost-share funds
may be used to meet stewardship thresholds and gain eligibility for CSP.
The Conservation Measurement Tool:
The Conservation Measurement Tool is a set of questions used to evaluate CSP
applications using a point-based system for environmental benefits. It evaluates both the
rancher’s baseline level of conservation on these lands and the additional activities the
farmer or rancher intends to undertake over the five-year contract.
This information summarizes and is adapted from more detailed program
information available on the NRCS website; for additional information about this
program:
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/csp/
3.1.2 Conservation Planning and Technical Assistance
Conservation technical assistance (CTA) is a service NRCS and its partners
provide to landowners and managers to identify opportunities and address concerns and
problems related to the use of natural resources. Technical assistance helps producers
make effective natural resource management decisions on private, tribal, and other nonfederal lands. Conservation Technical Assistance is available to anyone interested in
conserving natural resources and sustaining agricultural production.
Although the CTA program does not include financial or cost-share assistance, it
does help ranchers develop conservation plans. An NRCS-approved conservation plan
must accompany all financial assistance program applications for programs such as EQIP
and CSP.
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All owners, managers, and others who have a stake and interest in natural
resource management are eligible to receive technical assistance from NRCS. To receive
technical assistance, ranchers should contact their local NRCS office or the local
conservation district.
This information summarizes and is adapted from more detailed program
information available on the NRCS website; for additional information about this
program:
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/cp/
3.1.3 Easement Programs
NRCS offers easement programs to eligible landowners to conserve working
agricultural lands, wetlands, grasslands and forestlands. The most important program for
ranchers is the ACEP. The Agricultural Conservation Easement Program combines
several of the land conservation and easement programs that were included in previous
Farm Bills.
3.1.3.1 Agricultural Conservation Easement Program
The Agricultural Conservation Easement Program provides financial and
technical assistance to help conserve agricultural lands, wetlands, and their related
benefits. Under the Agricultural Land Easements component, NRCS works with Indian
tribes, state and local governments, and non-governmental organizations to protect
working agricultural lands and limit non-agricultural uses of the land. Under the
Wetlands Reserve Easements component, NRCS helps to restore, protect and enhance
wetlands. The Agricultural Conservation Easement Program is a new program that
consolidates three former programs – the Wetlands Reserve Program, Grassland Reserve
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Program, and Farm and Ranch Land Protection Program. Agricultural Land Easements
are intended to prevent conversion of productive working lands to non-agricultural uses.
Wetland Reserve easements provide habitat for fish and wildlife, including threatened
and endangered species, improve water quality by filtering sediments and chemicals,
reduce flooding, recharge groundwater, and protect biological diversity.
3.1.3.2 Agricultural Land Easements
The Natural Resources Conservation Service will purchase Agricultural Land
Easements from eligible ranchers to protect the agricultural use and conservation values
of the ranch. The program protects grazing uses and related conservation values by
conserving grasslands, including rangelands, pasturelands, and shrublands.
The Natural Resources Conservation Service may contribute up to 50 percent of
the fair market value of the agricultural land toward the purchase of an easement. Where
NRCS determines that grasslands of special environmental significance will be protected,
NRCS may contribute up to 75 percent of the fair market value of the land toward the
purchase of an easement.
Conservation easements include restrictions on future land uses, for example
subdivision and development for housing. The limitations identified in a conservation
easement are tailored to suit the unique characteristics of individual properties as well as
the different activities and interests of the landowner. Granting an easement to a
conversation organization that qualifies under the Internal Revenue Code as a “public
charity” may also yield income and estate tax savings.
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3.1.3.3 Wetland Reserve Easements
NRCS also provides technical and financial assistance directly to private
landowners and Indian tribes to restore, protect, and enhance wetlands through the
purchase of Wetland Reserve Easements. For acreage owned by an Indian tribe, there is
an additional enrollment option of a 30-year contract.
Through the wetland reserve enrollment options, NRCS may enroll eligible land
through:
•

Permanent Easements – Permanent Easements are conservation easements in
perpetuity. NRCS pays 100 percent of the easement value for the purchase of the
easement. Additionally, NRCS pays between 75 to 100 percent of the restoration
costs.

•

30-year Easements – 30-year easements expire after 30 years. Under 30-year
easements, NRCS pays 50 to 75 percent of the easement value for the purchase of
the easement. Additionally, NRCS pays between 50 to 75 percent of the
restoration costs.

•

Term Easements – Term easements are easements that are for the maximum
duration allowed under applicable State laws. NRCS pays 50 to 75 percent of the
easement value for the purchase of the term easement. Additionally, NRCS pays
between 50 to 75 percent of the restoration costs.

•

30-year Contracts – 30-year contracts are only available to enroll acreage owned
by Indian tribes, and program payment rates are commensurate with 30-year
easements.
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For wetland reserve easements, NRCS pays all costs associated with recording the
easement in the local land records office.
Eligibility:
Land eligible for agricultural easements includes rangeland, grassland, and
pastureland. NRCS prioritizes applications that protect agricultural uses and related
conservation values of the land and those that maximize the protection of contiguous
acres devoted to agricultural use.
Land eligible for wetland reserve easements includes farmed or converted
wetlands that can be successfully and cost-effectively restored. NRCS will prioritize
applications based the easement’s potential for protecting and enhancing habitat for
migratory birds and other wildlife.
How to Apply:
To enroll land in the Agricultural Land Easement program, eligible partners may
submit proposals to NRCS to acquire conservation easements on eligible land.
To enroll land through wetland reserve easements, landowners may apply at any time at
the local USDA Service Center.
This information summarizes and is adapted from more detailed program
information available on the NRCS website; for additional information about this
environmental improvement program:
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/programs/easements/acep/
4. Privately Funded Payment for Ecosystem Services Programs
Privately funded payment for ecosystem services (PES) program opportunities are
limited in southern Arizona and New Mexico. There are only a few formally established
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PES programs. These programs are all the result of federal laws that require mitigation by
developers for certain activities. While the result of federal laws, in most cases private
individuals or corporations make payments. There are also other potential opportunities
for ranchers to diversify their income by capitalizing on the benefits of ecosystem
services outside of a formal PES program. However, due to the lack of a formal program
structure, these opportunities are riskier. The return on investment is uncertain and case
dependent.
4.1 Conservation Banking
Conservation banking, also known as habitat mitigation banking or habitat
banking, is a PES program created by the Endangered Species Act (ESA). One of the
goals of the ESA is to prevent harm to threatened and endangered species. However,
sometimes harming an endangered species is unavoidable. When this is the case, one
approach to mitigating, or offsetting, the impact on the species is the purchase of credits
from a conservation bank approved by the United States Fish and Wildlife Service
(FWS). Typically, buyers of habitat mitigation credits are private developers or state and
local governments. If a ranch contains habitat appropriate for an endangered species, the
ranch owner may be able to establish a conservation bank in order to sell credits.
Conservation banks require significant upfront investment, while returns are
uncertain. Therefore, they can be risky. Conservation banks require permanent
restrictions on land use; once established, they are difficult to remove. Before beginning a
conservation banking project, careful consideration should be given to market conditions
for the species the bank is intended to protect. Is there demand for credits? Is there any
information available on the sale price of credits? How would a conservation bank impact
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other activities on my ranch? Conservation banking is relatively rare in Arizona and New
Mexico. While ranchers may be technically eligible to establish conservation banks,
actual opportunities are likely limited.
Establishing a habitat mitigation bank is a complex process. The first step is to
contact the FWS to determine if there are any opportunities for conservation banking.
The FWS will consider the location of the ranch, the conservation goals for any
threatened or endangered species in the region of the ranch, and if conservation banking
fits with these conservation goals. If the FWS determines that the proposed location is
appropriate for a conservation bank, the ranch owner can then begin work on developing
a conservation bank plan. Coordination with the FWS throughout the conservation bank
planning and implementation process is recommended to ensure the bank plan meets
FWS requirements. At minimum, all conservation banks must be consistent with the
larger conservation strategy for the species the bank is intended to protect and must be
protected by a permanent conservation easement. The number of credits – the commodity
that can be sold to buyers in need of mitigation – contained in a bank and what those
credits are based on is determined by the FWS. The value of the credits is determined
through private negotiations between the bank owner and the buyer of credits.
4.2 Wetland and Stream Mitigation Banking
Similar to conservation banking, there are also opportunities for private
landowners to create wetland and stream mitigation banks. Wetland and stream
mitigation banking are programs created by the Clean Water Act (CWA). One of the
goals of the CWA is to prevent pollution, destruction, and other impacts on wetlands,
rivers, and streams in the course of construction of highways, housing developments, etc.
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However, sometimes harm or destruction of a wetland or stream is unavoidable. When
this is the case, one approach to mitigating, or offsetting, the impact on a wetland or
stream is the purchase of credits from a wetland or stream mitigation bank approved by
the US Army Corps of Engineers (ACE) and the Environmental Protection Agency
(EPA). Typically, buyers of wetland or stream mitigation credits are private developers or
state and local governments. If a ranch contains a wetland or stream appropriate for
restoration, the ranch owner may be able to establish a mitigation bank in order to sell
credits.
Also similar to conservation banking, wetland and stream banking require
significant upfront investment with uncertain returns. Wetland and stream banks require
permanent land use restrictions, such as conservation easements. Before beginning a
wetland or stream mitigation project, landowners should consider the market conditions
in their region including demand for credits and credit sale prices. Because wetlands and
streams with year-round surface water flows are uncommon in southern Arizona and
New Mexico, opportunities for wetland and steam banking may be limited.
The first step toward establishing a wetland or stream mitigation bank is to
contact the ACE and EPA to inquire about the process and determine if a site on your
ranch would meet the requirements. Wetland mitigation banks may be established either
by restoring, creating, or preserving a wetland. Stream mitigation banks generally involve
stream restoration projects that improve a degraded stream. Coordination with ACE and
EPA throughout the mitigation bank planning and implementation process is
recommended to ensure the bank plan meets ACE and EPA requirements. ACE and EPA
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determine the number of credits awarded to a mitigation bank. The value of credits is
determined through private negotiations between the bank owner and the buyer of credits.
4.3 Other Sources of Ecosystem Service Income
While conservation, wetland, and stream banking provide a formal means to
develop a specific commodity value from rangeland ecosystem services, there are also
other potential income sources that are less formal. Examples include payments from
hunters to access private lands, “ecotourism,” partnerships with non-profit organizations
with grants to support rangeland management and restoration, and grass banking
programs. These approaches may require management changes, new marketing efforts,
and other changes. As with conservation, wetland, and stream banking, return on
investment is highly uncertain. On the other hand, marketing ecosystem services
provided by rangelands provides an opportunity to diversify ranch income streams.
Ranchers who own private land may be able to market hunting opportunities on
their ranch. Sustainable grazing practices such as rotational grazing and water
developments can increase wildlife populations as well as provide benefits for ranching
operations. In addition, ranchers can implement specific management activities to create
or maintain specific types of habitat and increase species diversity and abundance.
Because private lands do not have open access, hunters may be willing to pay to access
private lands with high-quality habitat where they have less competition with other
hunters and increased odds of success.
In a similar vein is ecotourism, which seeks to provide people with access to
ecosystems and natural amenities in a way that does not harm the environment. Good
examples of ecotourism include bird watching and sustainably managed dude ranch
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experiences. Southern Arizona is considered a prime bird watching region because of the
diversity of habitats provided by its mountain ranges and deserts and its location along
migratory pathways of many species. Every year, bird watchers spend significant
amounts of money to come to southern Arizona and see rare bird species. In cases where
ranchers own unique habitats, such as riparian areas, they can market these amenities to
bird watchers. In other cases, where ranchers know the locations of prime bird watching
areas on public grazing allotments, they may be able to offer private guiding services to
people hoping to catch a glimpse of a rare bird species.
Both hunting and ecotourism opportunities require implementation of
management practices that will maintain, restore, or improve the quality of natural
resources. There are at present limited funding sources available for this sort of
management (see part one of this report about Farm Bill programs). Therefore, ranchers
may need to invest their own money in management and marketing in order to capitalize
on ecosystem services-based income. The amount of investment required depends on
management goals, selected practices, and if funds are available from cost share
programs or other sources. Ecosystem services are one way ranchers may be able to
diversify income sources while maintaining traditional grazing practices. Any efforts to
improve the ecosystem service values on a ranch should be accompanied by a business
planning process that evaluates the potential costs and benefits of management changes.
4.4 Other Opportunities
Because of widespread interest in the concept of payment for ecosystem services
by government agencies, non-profit conservation organizations, and foundations that
provide grants for conservation activities, new opportunities to earn income from
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ecosystem services may emerge in the future. Examples include grass banks, carbon
sequestration markets or incentives, and privately funded incentives for biodiversity or
habitat management.
The grass bank concept was pioneered in southern Arizona by the Malpai
Borderlands Group. A grass bank is an area that is set aside to provide forage for ranchers
when forage on their home ranch is unavailable or limited. Grass banks typically have
three components: a formal or informal association of ranchers that come together to
form the grass bank, an area of forage that serves as the grass bank, and rules among the
members of the association that determine who gets access to the grass bank and when.
The concept was developed to provide a way to help ranchers in a drought year or other
circumstance that limits the availability of forage on their own ranch. When there is not
enough forage available on the home ranch of a member of the grass bank association,
they are able to utilize forage from the grass bank according to the rules of the
association. Typically, members of the grass bank association are required to implement
certain management practices on their home ranch or agree to a conservation easement in
order to gain access to the grass bank’s forage. Grass banks are used as a buffer against
drought and can help sustain ranches or prevent overgrazing in dry years. They are well
suited to southern Arizona and New Mexico because of the sporadic nature of the
monsoon – one ranch may get enough rain to produce summer forage, while the
neighboring ranch is experiencing localized drought conditions.
There is currently growing interest in southern Arizona in habitat management
and restoration. The University of Arizona, with support from FWS, is currently
investigating the feasibility of providing ranchers with incentives to implement
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management practices that will benefit jaguars and other wildlife. A new organization,
the Borderlands Habitat Restoration Initiative, is developing pilot projects to reduce
erosion and improve wildlife habitat, with the goal of creating a viable business model
for rangeland management and restoration projects (http://borderlandsrestoration.org/).
Some organizations in southern Arizona have also been successful in winning grant
support to implement range improvement practices to reduce erosion and reintroduce fire
to the landscape to improve range habitat for cattle and wildlife. All of these efforts may
lead to new opportunities for ranchers.
Markets for carbon sequestration – land management processes that result in
removal of carbon from the atmosphere and storage in plants and soils – have been
discussed for years, but have not yet become a reality. It is unknown if carbon markets
will ever emerge or, if they do, if there will be opportunities for ranchers to participate. If
a market for carbon does develop, it is very likely that only the private land portion of
ranches would be eligible and that potentially significant management changes would be
required to produce sequestration credits eligible for sale.
Some researchers have looked at the range of potential opportunities that could
become available to ranchers and proposed a “ranch of the future” model of ranch
management and conservation. The ranch of the future draws income from a range of
sources to diversify the ranch business model, make ranching more resilient to drought
and other natural disasters, and increase the likelihood that ranching is able to provide a
comfortable income for ranching families. A ranch of the future may have income from
traditional grazing activities, ecotourism, carbon sequestration credits, habitat
management incentives, and tax credits from a conservation easement or any combination
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of these or other income streams based in the ecosystem services provided by the ranch.
While at this point the ranch of the future is just a concept, as new conservation incentive
programs are developed, the ability of ranchers to diversify their business model will
increase.
5. Grant Programs
Ranchers may be eligible for grants from philanthropic foundations or
government. In most cases, to qualify for a grant, an interested rancher will need to
partner with a non-profit organization eligible to receive grant funding. Eligible partner
organizations are typically 501(c)3 not-for-profit organizations under Internal Revenue
Service regulations.
Examples of grant programs include the National Fish and Wildlife Foundation, a
foundation that provides funding for conservation and management of fish and wildlife
habitat, and Partners for Fish and Wildlife, a federal program that provides funding for
conservation and management of rare, threatened, and endangered species habitat.
5.1 Partners for Fish and Wildlife
Partners for Fish and Wildlife is the primary mechanism for delivering voluntary, on-theground habitat improvement projects that support the FWS’s mission of conserving,
protecting, and enhancing fish, wildlife, and plants and their habitats for the continuing
benefit of the American people. It delivers habitat conservation by providing financial
and/or technical assistance through cooperative partnerships that support habitat
improvement activities on private lands.
The Partners for Fish and Wildlife Program is a direct federal assistance program.
It does not solicit requests for proposals, but rather, strategically determines project sites
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and eligibility through established project selection criteria. There are three focus areas
in southeast Arizona: Altar Valley, Santa Cruz/San Pedro, and Chiricahua. Partners for
Fish and Wildlife works in collaboration with private landowners and other conservation
partners, primarily using cooperative agreements as the funding instrument.
Partners for Fish and Wildlife program field staff are responsible for identifying
and selecting habitat conservation projects. Field staff will also use the following criteria
to select projects that maximize benefits to federal trust species and use program
resources in the most effective and efficient manner.
Conservation activities and projects do not have to meet all of the selection
criteria; however, proposed projects that meet more of the following criteria (sequence of
listing does not imply order of preference) will be given the highest priority:
•

Species at risk. Conservation activities and projects that improve habitat for
listed species, species proposed for listing, candidate species, imperiled species,
birds of management concern, species of conservation concern, or other declining
species.

•

Expand priority habitats, reduce habitat fragmentation, establish
conservation buffers, and provide wildlife movement corridors. Habitat
improvement projects near protected land, including land managed by the
National Wildlife Refuge System, National Park Service, U.S. Forest Service,
Bureau of Land Management, other federal agencies, tribal, state agencies, or
conservation organizations.
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•

National Wildlife Refuge System. Activities or projects that are on private lands
near National Wildlife Refuges (Refuges) and complement conservation practices
or resolve problems on Refuges that are caused by off-refuge land use practices.

•

Regional strategic plans and priorities. Areas delineated and developed with
conservation partners as geographic focus areas in Partners for Fish and Wildlife
regional strategic plans that represent an integration of shared habitat conservation
priorities among the Fish and Wildlife Service, conservation partners, and
stakeholders. However, field staff are not prohibited from implementing highvalue habitat improvement projects outside of these geographic focus areas.

For private landowners that are interested in doing a wildlife habitat improvement
project, they should contact the Partners for Fish and Wildlife State Coordinator. The
National Partners for Fish Wildlife web site is
http://www.fws.gov/partners/contactUs.html.
6. Conclusion
While payments for ecosystem services and conservation incentives are still
developing concepts, there are many options available to Arizona ranchers today. The
easiest to access option for conservation incentives are the Farm Bill conservation
programs administered by NRCS. These programs provide cost-share funding for
ranchers seeking to improve ranch management and wildlife habitat on their ranches. A
limitation of these programs is that they only pay a portion of the cost of implementation
of new management practices.
There are also other, less traditional, payment for ecosystem services programs
that are currently available to ranchers or may be available in the future. Conservation
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banking and wetland and stream mitigation banking are available now to eligible
landowners. These programs have the potential for significant returns on investment, but
are also high risk and require an astute understanding of local market conditions. Other
opportunities, such as carbon credits may come available in the future.
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Glossary of Terms and Programs
ACE – Army Corps of Engineers
ACEP – Agricultural Conservation Easement Program
AGI – Adjusted Gross Income
CMT – Conservation Measurement Tool
CRP – Conservation Reserve Program
CSP – Conservation Stewardship Program
CTA – Conservation Planning and Technical Assistance
CWA – Clean Water Act
EPA – Environmental Protection Agency
EQIP – Environmental Quality Incentives Program
ESA – Endangered Species Act
Farm Bill – the Federal law that authorizes funding for most Federally funded
agricultural conservation programs
Federal Nexus – when a producer participates in a Federally funded conservation
program, such as EQIP, to implement management practices on private land. The use of
Federal funds may result in the application of Federal laws that would otherwise not
apply on private land, such as the National Environmental Policy Act.
FRPP – Farm and Ranchland Protection Program
FSA – Farm Service Agency
FWS – Fish and Wildlife Service
GRP – Grasslands Reserve Program
NRCD – Natural Resources Conservation District
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NRCS – Natural Resources Conservation Service
PES – Payment for Ecosystem Services
RCPP – Regional Conservation Partnership Program
USDA – United States Department of Agriculture
WHIP – Wildlife Habitat Incentives Program
WRP – Wetlands Reserve Program
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Abstract
In the western United States, the management and use of public lands for livestock
grazing is a frequent source of conflict between environmentalists, federal agencies, and
ranchers. The recent occupation of the Malheur National Wildlife Refuge by extremists
claiming to represent the interests and views of the ranching community have reinforced
a public perception that ranchers are both anti-government and anti-conservation.
Sustainable management of public lands used for livestock grazing depends on both
federal agency personnel, who enforce regulations, and ranchers, who use the land and
implement management plans on a day-to-day basis. As a result, the attitudes of ranchers
toward conservation can have a significant impact on the overall ecological health of
public rangelands. We conducted a study of ranchers in southern Arizona and New
Mexico using Q Methodology to understand their views and motivations about ranching,
conservation, and the government. Our results show three complex viewpoints, which we
term “Radical Center” Ranchers (20% of variance), Innovative Conservationists (19% of
variance), and “Traditional” Ranchers (12% of variance). A commitment to conservation
and corresponding lack of anti-conservation sentiment is held across these viewpoints.
Mistrust of government co-exists with conservation values for two groups. This
information is useful for finding common ground between ranchers and government
officials, conservationists, and extension agents on range management and conservation
goals.
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Introduction
Since at least the 1980s, the “sagebrush rebellion” has been a recurrent theme in
the politics of western public land management. Adherents to the philosophy of the
sagebrush rebellion and related movements generally oppose government environmental
regulations ownership of rangelands and claim to represent the interests of resource users,
including ranchers. Recent examples include April 2014 in Nevada, when the Bureau of
Land Management was enmeshed in an armed standoff with a rancher who refused to pay
grazing permit fees to the government and early 2016, when the Malheur National
Wildlife Refuge in Oregon was occupied for 40 days by armed militant “ranchers”
disputing government authority over federal lands.
These events, and others around the western United States, have resulted in new
media and public attention on public land management and the attitudes of ranchers
toward the federal government. The groups carrying out these actions claim to represent
the views of rural landowners and natural resource users, especially ranchers, resulting in
a common portrayal in the media of ranchers as both anti-government and anticonservation. However, there is little research available assessing if the views of groups
aligned with the Malheur occupiers are consistent with the opinions of typical ranchers in
the interior western United States. In this article, we present the results of a quantitative
and qualitative study to understand the range of viewpoints held by the ranching
community in southeastern Arizona and southwestern New Mexico. The results of our
research, while specific to the region of study, show ranchers’ views are complex. The
information we develop helps to remedy misunderstandings about the views of the
ranching community and is useful for finding common ground between ranchers and
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government officials, conservationists, and researchers on range management and
conservation goals.
Though not directly accountable to the public at-large, ranchers in the western
United States often play a central role in ensuring the success of public land management
goals. The attitudes of ranchers toward wildlife management, endangered species, and
land conservation can have an important impact on the ability of public agencies to
successfully implement policy priorities (Sheridan et al. 2014). Ranchers share primary
responsibility with federal agencies for the day-to-day management of approximately 330
million acres of public rangelands. While federal agency personnel from the Bureau of
Land Management and United States Forest Service are responsible for planning and
implementation of Congressional mandates for multiple-use management, including
grazing, wildlife habitat, and recreation uses, ranchers are responsible for ensuring onthe-ground implementation of these policies through the management of their herds and
construction of improvements such as fences and water sources.
Just as tensions between anti-government protesters and federal land managers
were escalating over the last decade, a long, contentious process—centered on legal
designation of critical habitat for endangered jaguars (Panthera onca) under the United
States’ federal Endangered Species Act (ESA)—was underway in southeastern Arizona
and southwestern New Mexico. We use the context of this controversy to develop and
analyze a case study to understand the attitudes of southwestern ranchers toward the
federal government and conservation. According to the ESA, critical habitat is the portion
of an endangered species’ range essential to its conservation (16 USC §1532). Critical
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habitat may include both public and private lands, though the impact of critical habitat
regulations on private lands is limited.
The achievement of endangered species conservation goals on both public and
private lands necessitates an understanding of the rancher’s attitudes toward conservation
and willingness to participate in conservation efforts, which are often governmentsponsored. Past survey research shows that ranchers have diverse attitudes about
conservation. In a survey of ranchers in Utah and Texas, Jackson-Smith et al. (2005)
found ranchers have a range of views on property rights and associated conservation
obligations, ranging from strongly individualistic views to a belief that individual rights
are conditioned by obligations to society and nature. Looking more closely at
conservation behavior, Kreuter et al. (2006) found that in Texas, Utah, and Colorado,
ranchers who are more dependent on public land for grazing also have a stronger interest
in conservation than ranchers who use mostly private grazing lands. The findings of a
survey of California ranchers indicates that ranchers are willing to consider landscapescale conservation efforts by cooperating across property boundaries in order to conserve
wildlife (Ferranto et al. 2013). Our own research in the southwest indicates a strong
interest in large-landscape conservation in the ranching community (Svancara et al.
2015).
While these and other similar studies help to improve our understanding of the
attitudes of the ranching community, they fail to provide a holistic understanding of the
totality of viewpoints held by individuals (Watts and Stenner 2012). For example, a
rancher may believe he or she has a land stewardship obligation to future generations,
while also holding strong anti-government and individualistic views. This type of
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complex viewpoint may be lost in the results of typical survey research. A
misunderstanding of the contours of rancher viewpoints in their entirety could lead to
poorly targeted policy and management.
Sayre (2004) has called for more qualitative research of range management to
improve our understanding of the complex motivations of ranchers. The study we
describe applies a quantitative-qualitative research technique, Q Methodology, to identify
three distinct, complex viewpoints held by ranchers in southeastern Arizona and
southwestern New Mexico toward conservation and government. The results of this study
provide a better understanding of the perspectives and motivations of individuals in the
ranching community in the region and, when combined with previous research, indicate
that ranchers across the west may be open to land management approaches that support
wildlife conservation and sound range management.
Methods
The long-running public debate about the designation of critical habitat for
jaguars provides the context for our study. To understand rancher attitudes, we borrowed
a method from psychology called Q Methodology. Q Methodology allows for the
development of a holistic, quantitative and qualitative understanding of individual and
group perspectives on a given topic. There are two major differences between traditional
survey research and Q Methodology. First, rather than asking multiple questions, Q
Methodology elicits a participant’s opinions on an issue by having him or her rank a set
of pre-determined statements in a way that is consistent with his or her point of view. The
act of ranking statements on a scale of more and less how he or she thinks exposes the
many facets of the respondent’s thinking on the issue (McKeown and Thomas 2013,

85

Watts and Stenner 2012). Second, in Q Methodology the response variables are not a
series of responses to questions, but the participants themselves. By treating the
respondents as the variables, it is possible to develop a comprehensible interpretation of
the various viewpoints present in the community of respondents (McKeown and Thomas
2013, Watts and Stenner 2012). Q Methodology has been applied to understand
viewpoints on conservation issues and conflicts (c.f. Chamberlain et al. 2012, Danielson
et al. 2009, Sandbrook et al. 2010, Webler et al. 2003).
There were four steps in the design and completion of our study: (1) selection of
the study topic and a corresponding group of statements for use in the study (the
statements are called a “q set”); (2) selection of the participants for the study; (3)
implementation of the study by asking participants to sort and rank the statements (the “q
sort”); and (4) statistical analysis of the results using factor analysis or principle
components analysis (Brown 1980). These steps and associated results are summarized in
Table 1. Our research protocols were submitted to the University of Arizona Human
Subjects Protection Program (Protocol Number 1401187773) and received exempt
approval.
Selection of Statements and Development of the Q Set
Because the topic of the present study is ranch management, all participants were
asked a single question, “Describe your views on ranch management, from what is most
like the way you think about ranching to what is least like the way you think about
ranching.” As is typically recommended for application of Q Methodology (Watts and
Stenner 2012), the q set was developed from comments made by ranchers during
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preliminary interviews (Svancara et al. 2015), a survey conducted by the authors, and
during public meetings and in written public comments regarding the jaguar issue.
To develop the final set of statements in the q set, we first identified four salient
themes from our datasets: environment/conservation, economy, culture, and the role of
government. These theme areas were further subdivided into 10 subthemes. For each
subtheme, we selected a balanced sample of two positive and two negative statements
(Brown 1980, McKeown and Thomas 2013) resulting in a total of 40 statements. These
40 statements were randomly numbered and printed on cards for use during the q sort
activity. The final set of statements in the q set are listed in Table 2.
Participants
The population for our study was ranchers in southeastern Arizona and
southwestern New Mexico. Participants were ranchers attending a series of three Arizona
Cooperative Extension workshops on jaguar habitat, the Endangered Species Act, and
conservation incentives. The first workshop was held in Sonoita, AZ on February 3,
2015; the second workshop was held in Douglas, AZ on February 10, 2015; and the third
workshop was held in Arivaca, AZ on March 12, 2015. A comprehensive mailing list of
ranches in the study region was used to invite ranchers to participate in any of the three
workshops. The workshops were geographically dispersed across the region to minimize
driving distances for participants. While none of the meetings were held in New Mexico,
Douglas, AZ is close to our study area in southwestern New Mexico and the only major
town in the region.
The q sort exercise was one part of the workshop agenda and participation was
voluntary and anonymous. Workshops were used for this study because q sorts are best
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conducted in person and workshops provide a practical means to reach a large number of
participants. The topical focus of the workshops – jaguars and the Endangered Species
Act – was of great interest to ranchers in the region at the time the workshops were held
and likely resulted in increased and more diverse participation. The workshops also
included a segment focused on sustaining ranching operations through economic
diversification and conservation incentives, potentially increasing interest in the
workshops beyond ranchers who are only interested in endangered species issues. A total
of 30 individual q sorts were completed by workshop participants, an adequate sample
size for a Q Methodology study (McKeown and Thomas 2013). While we did not collect
demographic data on participants in the workshops or those who chose to participate in
the q sort, we believe the participants represented a diverse group of ranchers in the
region. However, it is unknown how or if the attitudes of these ranchers differ from the
population as a whole. Most participants were known to local Cooperative Extension
agents who attended the workshops. Based on this existing knowledge, we believe the
participants represented a range of viewpoints, but were generally biased in favor of
professional ranchers as defined by Gentner and Tanaka (2002).
Q Sort Procedure
Participants in the q sort exercise were given a poster sized sheet of paper with 40
boxes for placing statements into a distribution that ranged from “more like how you
think” to “less like how you think” on a +4 to -4 scale. A fixed distribution resembling a
normal curve was utilized to encourage participants to value different statements against
one another, resulting in a clearer understanding of the dimensions of each participant’s
subjective view of the issue (Watts and Stenner 2012). For a discussion of the theoretical
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reasons for using a normal distribution, see Brown (1980). While participants were
strongly encouraged to follow the distribution printed on their poster, exact adherence
was not required. A small portion of participants were unwilling to distinguish between
some statements and generated skewed distributions. Theoretically and statistically,
skewed distributions do not impact the results of data analysis (McKeown and Thomas
2013, Watts and Stenner 2012).
After completing the q sort, we asked participants to provide us with a short
written statement about why they selected the statements for the +4 and -4, “more like
how you think” and “less like how you think” slots, respectively, and why they felt
strongly about these statements. Participants were also encouraged to provide additional
free response feedback on their q sort. This qualitative data is used to aid in the
interpretation of the statistical analysis.
Statistical Analysis of Q Sorts
There are three steps to statistical analysis of q sort data: correlation of each
individual q sort with every other q sort to generate a correlation matrix of all q sorts;
factor analysis or principal components analysis of the correlation matrix; and factor
rotation, flagging of sorts significantly loading on each factor, and definition of ideal
sorts. We used the R program “qmethod” (Zabala 2014) to conduct our analysis. This
program calculates the correlation matrix, extracts factors using principal components
analysis, performs a varimax rotation to maximize the variance explained by each factor,
and automatically flags factors significantly loading on a given factor (Zabala 2014).
Varimax rotation is appropriate for exploratory studies that seek to identify the presence
of different viewpoints in a community (Watts and Stenner 2012). The loading of each
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sort on each factor following rotation was used to calculate a standardized index score
(“z-score”) for each statement on each factor. Table 2 shows the z-score and rank of each
statement on each factor. These index scores define the “ideal” q sort for each factor
based on all of the actual q sorts that loaded on that factor.
We selected three factors for final analysis because scree plots show the amount
of variation explained by the factors leveled off after the third factor. Three factors also
provided distinct, easily defined viewpoints and had several sorts loading on each factor,
while only three sorts were confounded (loading on more than one factor) (Brown 1980,
Watts and Stenner 2012). When a two factor analysis was conducted, there were more
confounded sorts. Four, five and six factor analyses did not yield additional, clearly
explicable and unique viewpoints. Each factor represents the ideal sort most similar to
how the respondents loading on that factor completed his or her own sort. Individual sorts
were flagged as loading on a given factor if the loading of the sort on the factor was both
significant (p-value < 0.05) and if the square loading of the sort on the factor was greater
than its sum of square loading on all other factors (Zabala 2014). The total amount of
variation explained by the three factor analysis was 51%.
Following completion of statistical analysis of our data, the research team met to
discuss the results and develop holistic narrative explanations of each factor. These
explanations were informed by the q sort data, the written explanations of individual sorts
provided by participants, and the research team’s experience working with the ranching
community in southeastern Arizona and southwestern New Mexico.
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Results
From the 30 completed q sorts, we identified three distinct viewpoints based on
the distribution of statements by each respondent. Thirteen sorts (i.e. individuals) loaded
on factor one, ten sorts loaded on factor two, and four sorts loaded on factor three. Three
sorts loaded on multiple factors and were excluded from our analysis. The loading of
each sort on each factor is show in Table 3. Tables 4-6 show the polar statements and the
statements that rank higher or lower in each factor than in the other factors. Interpretation
of each viewpoint was based on quantitative analysis of the statistical results shown in
Tables 2 and 3, qualitative analysis of the meaning and position of each statement relative
to the other statements in each of the three viewpoints, and written descriptions of the
sorts completed by participants. Summaries of each of the perspectives are provided
below in order of most to least variance explained by each perspective. Numbers in
parentheses correspond with statement numbers in Tables 4-6.
Viewpoint 1: Radical Center Conservationist (20% of variance explained)
This viewpoint is defined by a commitment to conservation balanced with a
skepticism of government or individualist perspective. Participants holding this viewpoint
define themselves as land stewards (statement 16) and implement management practices
to improve grasslands and wildlife habitat (statements 2, 11). They view ranching as
having a positive influence on rangelands and wildlife (4). The emphasis on conservation
and stewardship is tempered by the reality of the business of ranching (22, 35).
Government is not seen as a good partner for assisting ranchers with conservation (19,
40) or management (20). The Endangered Species Act (ESA) and its implications are also
a concern (29). Despite this, ranchers do feel like they can influence decision making
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(33). Finally, ranchers with this perspective see ranching as a stable business and are not
interested in economic diversification beyond the livestock business (7, 17)—but they do
not expect to get rich ranching (15). Overall, the authors see this perspective as consistent
with the concept of the “radical center,” which emerged in southeastern Arizona and
southwestern New Mexico in the early 1990s and argues for a pragmatic approach to
balancing conservation with ranch profitability to ensure landscape conservation
(Sheridan 2001).
Viewpoint 2: Innovative Conservationist (19% of variance explained)
Like Viewpoint 1, this perspective shares a strong commitment to land
stewardship and conservation. Unlike Viewpoint 1, this viewpoint is not tempered by a
distrust of the government or agency policies (9). Ranchers holding this perspective think
they can work with the government to achieve larger goals (10, 20). A strong land ethic is
the defining characteristic of this viewpoint as indicated by the highest-ranking
statements – care for the land (14), stewardship (16), support for all species (1, 34), and
stewardship for future generations (6)—and also negatively ranked statements—only
implementing conservation practices consistent with current management (22) and
protection of resources solely because of a profit motive (35). This perspective also
rejects the view that complex, large landscape conservation projects are too much work
(23) or hamstrung by bureaucracy (33). Finally, this viewpoint is interested in new
approaches to diversify income streams on the ranch (7, 27) to improve profitability.
Overall, this perspective is made up of ranchers who see conservation as a fundamental
component of the business of ranching and are willing to try new business models to
achieve conservation goals.
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Viewpoint 3: Traditional Rancher (12% of variance explained)
The perspectives that define Viewpoint 3 are most consistent with the popular
stereotype of western ranchers. The ranchers holding this viewpoint think of ranching as
both a lifestyle choice and a business. Ranching is a part of their family legacy (8) and is
all they have ever wanted to do as a career (18). They are ranchers because it is a job that
allows them to work in the outdoors (28). They are also very concerned about the future
of ranching, noting that it is a dying way of life (38) and an increasingly difficult way to
make a living (36). This perspective presents the strongest anti-government sentiment
among the three viewpoints—they do not view the government as a partner (10, 20) or as
having a role at all in land management (9). Government policies such as the ESA are
seen as an intervention into private business (29) and one-size-fits-all policies are hurting
ranchers (30). While conservation motives are present in this perspective, they are less
important than in Viewpoints 1 and 2. The ranchers with Viewpoint 3 see themselves as
stewards (16), but there is a clear bias toward conservation benefiting the livestock
production aspects of the ranch (24). At the same time, ranching is seen as a positive
force for rangeland health (12) and a means to prevent landscape fragmentation (13). But
this viewpoint is largely ambivalent toward conservation for wildlife (1, 11, 31),
landscape conservation (3), and stewardship for future generations (6).
Discussion
We set out to understand the range of views about what ranching means to
ranchers in southeastern Arizona and southwestern New Mexico. Our results provided a
rich understanding of how the opinions in the ranching community overlapped and
diverged. The application of Q Methodology also allowed us to see the breadth of these
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viewpoints. Ranchers were not defined by a single viewpoint—such as individualism, a
land ethic, mistrust of government—but rather had complex views that must be
considered as a whole to allow for a complete understanding.
The views of ranchers in the region of study were defined as much by what they
held in common as what makes them stand apart. None of the three perspectives fit
cleanly into stereotypical portrayals of ranchers as represented by the extreme views held,
for example, by the Malhuer Wildlife Refuge occupiers (who were both anti-government
and anti-conservation). Rather, we found a common thread of concern for the land coexisting with different views about the role of government and the overall goals of
ranching.
Strikingly, all ranchers in our study shared a common commitment to a land ethic.
In describing the land ethic, Leopold (1949) noted that it is defined by voluntary action
not influenced by government regulation or dominated by economic concerns. These
criteria are clearly present when considering the totality of the q sorts for each factor.
Many ranchers, especially the radical center and traditional viewpoints, express a
responsibility to the land in spite of an overriding distrust of government and the goals of
government regulation. Similarly, the innovative conservationists’ viewpoints have a
dominant interest in conservation and ranching as a way of life that is compatible with
the land. Leopold argues, “a land ethic, then, reflects the existence of an ecological
conscience, and this in turn reflects a conviction of individual responsibility for the health
of the land” (1949). While the contours of this commitment varied for each of the factor
groups, the individuals who participated in our study clearly express a responsibility to
land health.
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Previous studies split ranchers into well-defined groups with discrete views
(Jackson-Smith et al. 2006, Kreuter et al. 2006). Our methods allow for definition of
groups through factor analysis without losing sight of the elements that make up these
factors—the statements from the q sort. As a result, we can see that the land ethic of
members of the radical center group existed in spite of distrust of the government, while
the innovative conservationist group was committed to conservation and believed it could
work with the government to achieve its goals. While the traditional ranchers group did
not share as strong a sense of land ethic as ranchers with the other viewpoints, that value
was still clearly a part of the traditional rancher’s world view.
These results can help conservationists and government officials improve the
effectiveness of their outreach to the ranching community. The information in the factor
profiles provides a guide for effective messaging and who the most effective messenger
may be. Radical center and traditional ranchers are likely more open to receiving
information about range management and conservation from cooperative extension
personnel than from government officials. This information should be framed in terms of
traditional range management topics, with wildlife and endangered species benefits as a
noted benefit. Concerns about Endangered Species Act regulations are still likely, but
emphasizing benefits for the ranch operation as well as wildlife should help to temper this
concern. The innovative conservationist group is unique in that they are more willing to
try conservation activities for the sake of conservation alone. They are also interested in
new approaches to diversify income that may go beyond traditional ranching activities.
Together, these perspectives point to an outreach strategy framed primarily around
traditional ranch management with a strong emphasis on conservation and the land ethic.
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While our study was conducted with ranchers in southeastern Arizona and
southwestern New Mexico, our central finding—that a conservation ethic is a common
value of ranchers regardless of viewpoints on other issues such as government
involvement in land management—is relevant to policy making across the western
United States. Decision makers, agency personnel, and conservation organizations may
miss opportunities to effectively advance improved land management and conservation
when working from incorrect assumptions about the values of resource users. Regardless
of where they are located, policy makers, conservationists, and land managers can benefit
from knowing that the ranchers they are working with or regulating may in fact have
strong intrinsic conservation motivations. Engaging in outreach centered on conservation
themes is not necessarily folly.
Additional research can strengthen the applicability of our findings to other
regions around the west. While findings from previous research in other regions show
rancher’s viewpoints are made up of similar components as what we found in
southeastern Arizona and southwestern New Mexico (e.g. Ferranto et al. 2013, JacksonSmith et al. 2005, Kreuter et al. 2006), replications of the Q Methodology approach will
identify multidimensionality in these viewpoints. The economic situation and goals of
individual ranchers may also influence the outcomes of q sorts. Gentner and Tanaka
(2002) segment ranchers into hobbyists and professionals. The participants in our study
are biased toward professionals. This group may have a stronger commitment to
conservation because of dependency on the ecological health of the ranch for income.
Similarly, more dependence on ranch income may result in heightened concerns about
government regulations such as the Endangered Species Act because of the perceived
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consequences of regulatory restrictions on the ability to profitably manage. Our study
explains 51% of variance. While generally acceptable for Q Methodology studies, we
acknowledge that there is a large amount of variance left unexplained. It is possible that
an expanded study that includes ranchers with a greater diversity of operation types or
reasons for ranching may explain a larger amount of variance. Follow-up studies are
needed in our region and across the western US determine if different economic and
operational goals lead to different viewpoints. A study conducted in a different context,
e.g. at a general cattlegrowers’ association meeting rather than an extension workshop
focused on endangered species issues, could result in a more diverse participant pool and
a greater percentage of variance explained. Additional studies drawing participants from
different venues could strengthen our findings if similar viewpoints are identified.
However, percent variance explained is generally regarded as unimportant in Q
Methodology studies because it is largely the result of the total number of individuals in
the study and how these individuals aligned with factors rather than the meaning of the
factors themselves (Brown, 1980). The strength of Q Methodology lies in its utility for
explicating complex perspectives in a study population. While statistical methods are
used to define viewpoints through factor analysis, the results are qualitative – an
explanation of viewpoints based on interpretation of statements. Finally, additional future
research is needed to conduct Q Methodology studies with other important stakeholder
groups such as government officials and conservation organization staff. This would
allow for identification of areas of agreement in attitudes toward range management and
the potential to reduce conflict.
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Implications
This study showed that individual ranchers may hold unexpected combinations of
attitudes toward conservation, endangered species, and the government. For example, we
found that ranchers in the southwestern United States have a commitment to the land
ethic regardless of their level of trust, or distrust, of the government and its regulations.
This indicates that there is a broadly held willingness to consider and engage in
management practices and policy initiatives that benefit not just ranching operations, but
also wildlife and society, by conserving the ecosystem services provided by rangelands.
Understanding the commonalities and differences between rancher’s views provides
managers, policy makers, and conservationists with the information they need to develop
new and more effective outreach and programs.
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Table C1: Summary of Q Methodology Implementation
Step

Description

Results

1. Selection

1. We focus on views on ranch

Q set consisting of a balanced sample

of Topic and

management

of 40 statements addressing 4 theme

Q Set

2. Q set drawn from interviews, survey areas and 10 subthemes.
results, and public statements by
ranchers

2. Selection

Ranchers participating in University of Workshops:

of

Arizona Cooperative Extension

Sonoita, AZ, February 3, 2015

Participants

workshops; all ranchers in study

Douglas, AZ, February 10, 2015

region invited to participate

Arivaca, AZ, March 12, 2015

3. Study

Participants provided with fixed

30 ranchers completed q sorts,

Implementati

distribution ranging from +4 to -4 and

providing sufficient data to complete

on

a deck of 40 cards with one statement

statistical analysis.

printed per card
4. Statistical

Correlation of individual q sorts and

Identification of 3 factors explaining

Analysis

Principal components analysis using

51% of variance:

“qmethod” package in R.

Radical Center Ranchers: 20% of
variance
Innovative Conservationists: 19% of
variance
Traditional Ranchers: 12% of variance
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Table C2: List of statements that make up the q set, the index score (“z-score”) indicating the
position of each statement relative to every other statement on each factor, and the rank of each
statement on each factor in an ideal sort describing each factor.
Factor
1
Statement
1

2

3

Score

Rank

Score

Rank

Score

Rank

0.36

0

1.29

3

-0.79

-1

1.09

3

0.61

1

0.95

2

1.35

3

1.28

3

-0.04

0

1.41

4

0.67

1

1.61

3

-0.30

0

0.18

0

-0.29

-1

0.64

1

1.44

3

0.17

0

-0.80

-2

0.45

1

-0.09

0

I support habitat health for all species. It is
a pyramid in which each thing depends on
the other

2

I use a planned grazing system to improve
grasslands

3

I work to make a healthy, functioning
landscape

4

Ranching provides water and other natural
things that would normally be there

5

The benefit of restoration projects must
offset the cost

6

I view myself as a temporary steward to
improve the land for the next generation

7

It’s hard to make a living ranching;
diversifying my operation helps

8

Ranching is part of my family legacy

0.96

2

0.33

0

1.33

3

9

There is definitely a role for government

-1.26

-2

0.92

2

-1.88

-4
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10

I think if the government works more with
stewards, it can reach bigger goals with

-0.33

-1

0.96

2

-0.87

-2

1.07

2

0.70

1

-0.24

-1

1.09

2

0.80

2

0.63

1

1.04

2

0.86

2

0.57

1

greater cost savings
11

I manage for wildlife regardless of
government policy

12

Science demonstrates that it is better for
the environment and grasses to have
grazing

13

As long as ranching remains viable, I can
maintain the open space on our private
lands to prevent fragmentation of the
landscape

14

I take care of the land and provide water

1.18

3

1.69

4

0.77

2

15

Ranching is a creator of wealth

-0.43

-1

-0.09

0

0.39

1

16

I am a steward of the land

1.64

4

1.52

4

0.72

2

17

I need more ways to make money on the
-1.56

-3

0.10

0

0.55

1

-0.40

-1

0.01

0

0.86

2

-2.16

-4

-0.58

-1

-1.62

-3

-2.01

-4

0.85

2

-1.79

-4

ranch
18

Ranching is all I’ve ever wanted to do

19

Government intervention in land
management is necessary

20

Government is a good partner for private
business when it mobilizes resources to be
helpful
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21

There is too much management for
-0.30

0

-0.75

-2

-0.88

-2

0.93

1

-0.43

-1

0.28

0

-0.94

-2

-2.30

-4

-1.18

-2

0.38

1

0.32

0

1.30

2

0.78

1

0.52

1

-0.67

-1

-0.25

0

0.09

0

0.30

0

-0.36

-1

-1.41

-3

0.63

1

-0.51

-1

-0.21

-1

1.36

3

1.04

2

-1.12

-2

-1.62

-3

wildlife
22

I do conservation practices that do not
require too much change to my current
management

23

Large landscape projects take too much
work

24

I pay attention to water because water is
what makes me profitable

25

My overarching goal is to maintain a
functional watershed and profitability
follows

26

The successional thing is a big issue. It’s
hard to find young people who want to do
this kind of work

27

I don’t need more ways to make money –
I’m fine on my own

28

I just like being outside and ranching is a
job that lets me do that

29

Because of endangered species, I can’t
operate my ranch without the Feds
looking over my shoulder
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30

There is no one size fits all policy for
0.61

1

0.61

1

1.62

4

-1.33

-3

-1.33

-3

-0.54

-1

-0.57

-1

-0.34

-1

-1.04

-2

-0.03

0

-1.55

-3

-0.69

-1

-1.32

-3

-2.19

-4

0.05

0

0.74

1

-0.51

-1

0.01

0

-0.17

0

0.09

0

0.71

1

-0.63

-2

-0.56

-1

-0.10

0

-1.27

-2

-0.80

-2

1.70

4

0.33

0

-1.04

-2

-1.36

-3

different ranches
31

I don’t think it is necessary to conserve
habitat – wildlife go where they please

32

I recognize that ranching has some
impacts, but most of the time they are
relatively benign

33

At a large landscape level, decisions are
made elsewhere so that I can’t really have
an impact

34

The water I put on the land just brings
predators closer to my livestock

35

I need to protect my resources for the
cattle to get maximum dollars for cattle

36

It’s becoming harder to make a profit in
ranching

37

I’m not so much interested in diversifying
my income, as getting the physical help
and labor to implement conservation
methods

38

Ranching is a dying way of life

39

Government programs right now are
punitive to stewards
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40

I’m not interested in government
incentives because it gives them power to

0.32

0

-1.04

-2

-0.81

limit my activities
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Table C3: Participant loading on each factor
Factor
Participant

1

2

3

1

0.52a

0.28

0.01

2

-0.06

0.53b

0.09

3

0.07

0.10

0.82c

4

0.52a

0.28

0.33

5

0.38

0.65b

0.39

6

0.76a

0.17

0.22

7

0.35

0.39

0.52

8

0.20

0.51b

0.42

9

0.31

0.75b

0.04

10

0.24

0.64b

-0.26

11

0.34

0.63b

0.16

12

0.46

0.55b

0.22

13

0.55a

0.42

-0.09

14

0.09

0.56

0.57

15

0.47a

0.21

-0.33

16

0.29

0.42b

-0.16

17

0.55a

0.12

0.37

18

-0.18

0.84b

0.03

19

0.48a

0.13

0.26

20

0.44a

0.00

0.08
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21

0.03

0.73b

0.01

22

0.14

-0.03

0.62c

23

0.16

0.41

0.49c

24

0.62a

0.14

0.08

25

0.31

-0.17

0.42c

26

0.49a

-0.16

0.26

27

0.74a

0.08

0.20

28

0.69a

-0.07

0.35

29

0.52

0.48

0.30

30

0.70a

0.29

-0.11

a

Participants loading significantly on Factor 1

b

Participants loading significantly on Factor 2

c

Participants loading significantly on Factor 3
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Table C4: Statements explaining Factor 1: Radical-Center Conservationist
Statement
4

Rank

Ranching provides water and other natural things that would not normally be
4
there

16

I am a steward of the land

4

2

I use a planned grazing system to improve grasslands

3

11

I manage for wildlife regardless of government policy

2

29

Because of endangered species, I can’t operate my ranch without the Feds
2
looking over my shoulder

22

I do conservation practices that do not require too much change to my current
1
management

35

I need to protect my resources for the cattle to get maximum dollars for cattle

40

I’m not interested in government incentives because it gives them power to

1
0

limit my activities
33

At a large landscape level, decisions are made elsewhere so that I can’t really
-1
have an impact

15

Ranching is a creator of wealth

-1

7

It’s hard to make a living ranching; diversifying my operation helps

-2

17

I need more ways to make money on the ranch

-3

19

Government intervention in land management is necessary

-4

20

Government is a good partner for private business when it mobilizes resources
-4
to be helpful
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Table C5: Statements explaining Factor 2: Innovative Conservationist
Statement

Rank

14

I take care of the land and provide water

4

16

I am a steward of the land

4

1

I support habitat health for all species. It is a pyramid in which each thing
3
depends on the other

6

I view myself as a temporary steward to improve the land for the next
3
generation

9

There is definitely a role for government

10

I think if the government works more with stewards, it can reach bigger goals

2
2

with greater cost savings
20

Government is a good partner for private business when it mobilizes resources
2
to be helpful

7

It’s hard to make a living ranching; diversifying my operation helps

22

I do conservation practices that do not require too much change to my current

1
-1

management
35

I need to protect my resources for the cattle to get maximum dollars for cattle

-1

27

I don’t need more ways to make money – I’m fine on my own

-3

33

At a large landscape level, decisions are made elsewhere so that I can’t really
-3
have an impact

23

Large landscape projects take too much work

-4

34

The water I put on the land just brings predators closer to my livestock

-4

110

Table C6: Statements explaining Factor 3: Traditional Rancher
Statement

Rank

30

There is no one size fits all policy for different ranches

4

38

Ranching is a dying way of life

4

8

Ranching is part of my family legacy

3

28

I just like being outside and ranching is a job that lets me do that

3

24

I pay attention to water because water is what makes me profitable

2

18

Ranching is all I’ve ever wanted to do

2

16

I am a steward of the land

2

36

It’s becoming harder to make a profit in ranching

1

12

Science demonstrates that it is better for the environment and grasses to have
1
grazing

13

As long as ranching remains viable, I can maintain the open space on our
1
private lands to prevent fragmentation of the landscape

3

I work to make a healthy, functioning landscape

6

I view myself as a temporary steward to improve the land for the next

0
0

generation
31

I don’t think it is necessary to conserve habitat – wildlife go where they please

1

I support habitat health for all species. It is a pyramid in which each thing

-1
-1

depends on the other
11

I manage for wildlife regardless of government policy

10

I think if the government works more with stewards, it can reach bigger goals

-1
-2

with greater cost savings
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29

Because of endangered species, I can’t operate my ranch without the Feds
-3
looking over my shoulder

39

Government programs right now are punitive to stewards

-3

9

There is definitely a role for government

-4

20

Government is a good partner for private business when it mobilizes resources
-4
to be helpful
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APPENDIX D: OPPORTUNITIES AND BARRIERS FOR ENDANGERED SPECIES
CONSERVATION USING PAYMENTS FOR ECOSYSTEM SERVICES
Lien, AM, C Svancara, W Vanasco, G Ruyle, and L López-Hoffman. In prep. Opportunities and
barriers for endangered species conservation using payments for rangeland ecosystem services.
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Abstract:
There is an accepted norm of endangered species conservation, as expressed through
international agreements and at the national level through laws such as the United States’
Endangered Species Act (ESA). The focus of these laws is to prevent extinction by
declaring species endangered under law and preventing actions that may harm these
species or could lead to their extinction. In doing so, endangered species laws are
sometimes criticized for unfairly limiting the actions private landowners can take on their
own land and subjecting landowners to unexpected regulatory burdens. This can result in
lack of trust between landowners and regulators. Payments for ecosystem service
programs are proposed solution to this challenge. These programs provide landowners
with an economic incentive to conserve endangered species and their habitat and
compensate landowners for the economic costs of conservation or of forgoing other
profitable uses of land and resources. To assess the utility of payments for ecosystem
services as a means of overcoming opposition to endangered species regulations, we
surveyed ranch operators in Arizona and New Mexico facing new regulations related to
endangered jaguar (Panthera onca). Our findings show that payments for ecosystem
services cannot overcome mistrust of government, but when certain program structures
are used concerns about regulatory risk can be lessened. The conditions under which
payments for ecosystem services may help achieve species conservation goals include: 1)
when participation is voluntary, 2) where the focus is on healthy ecosystems, and 3) when
programs are privately funded. Under these circumstances, payments for ecosystem
services may be an effective endangered species conservation tool.
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Introduction
Endangered species regulations prevent the extinction of species by restricting
direct harm to endangered flora and fauna and by protecting habitat for endangered
species. In so doing, these regulations can also restrict the ability of landowners to
continue economic activities such as agricultural production and land development if
these activities harm endangered species. In the United States (US) and internationally,
there has been significant interest in developing regulatory compliance and voluntary
payment for ecosystem services (PES) programs to address threatened and endangered
species conservation (Carroll et al. 2008). Ecosystem Marketplace, a news and
information organization focused on PES programs, identified more than 45 habitat
conservation programs worldwide (Madsen et al. 2010; Madsen et al. 2011). These
programs are grounded in the international norm of biodiversity and endangered species
protection (Epstein 2006), but seek to mitigate the economic and regulatory risks that can
accompany endangered species protection on private land. Here, we test if economic
incentives can overcome real and perceived economic and regulatory risks associated
with private landowner participation in endangered species habitat conservation efforts.
We use the example of an endangered species, jaguar (Panthera onca), protected by US
Endangered Species Act (ESA), a national law designed to prevent harm to and
encourage the recovery of threatened and endangered species on public and private land.
The ESA has been criticized by private property advocates for the economic and
regulatory burden it places on private landowners (Mann and Plummer 1995). Under the
ESA, when a species is declared threatened or endangered by the federal government,
“taking” of that species becomes illegal under all circumstances on both public and
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private land. Taking is defined broadly as any act that harms a threatened or endangered
species in any way, even if this harm does not result death (16 U.S.C. § 1531 et seq.). As
a result, when landowners know an endangered species is present on their land, their
management options may be restricted for fear of harming the species and violating the
ESA. This circumstance presents a linked economic and regulatory risk that discourages
management for endangered species on private land, especially by rural agricultural and
natural resource producers. Landowners may seek to avoid management that encourages
or supports the presence of endangered species on their land for fear of activating ESA
regulations that would prevent harvesting of resources for economic gain (Lueck and
Michael 2003). The ESA has no provisions for compensation to landowners for their
economic losses in these situations.
To overcome this issue, the US Fish & Wildlife Service (USFWS), the agency
that administers the ESA, is interested in promoting a voluntary, payments for ecosystem
services approach to conserving habitat for endangered jaguars in portions of the
southwestern United States. The USFWS believes a voluntary, incentive-based approach
could reduce conflict with the ranching community, help maintain the integrity of jaguar
habitat across a varied landscape, and improve conservation outcomes (Erin Fernandez,
Personal Communication 2013). To test this assumption – that a PES approach could
increase the willingness of ranchers to participate in jaguar habitat conservation – we
surveyed ranchers in the region where jaguar habitat is located.
While existing incentive-based conservation programs for other species could
provide an initial guide for developing a jaguar program in Arizona and New Mexico,
there also are important differences that make the latter situation unique. First, jaguars are
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habitat generalists. In the study region, jaguars use very large, landscape-scale patches
(Hatten et al. 2005; Grigione et al. 2009). These habitat patches are primarily in the “Sky
Islands,” a series of mountain ranges in Arizona, New Mexico, and northern Mexico that
include grasslands, oak woodlands and savannas, and mixed conifer forests (Figure 1)
(United States Fish and Wildlife Service 2014). Livestock grazing is common in the Sky
Islands, and these rangelands – which include grazing allotments on public lands
managed by the US Forest Service and the Bureau of Land Management – are essential to
the success of many ranches in the region (Sheridan 2001).
Second, unlike in other situations where PES approaches are proposed as a
primary means to motivate conservation behaviors, our research has shown that ranchers
in our study region have strong intrinsic motives to participate in conservation and rangemanagement activities that not only improve livestock productivity, but also promote
wildlife habitat integrity (Lien et al. in revision; Svancara et al. 2015). Ranchers in the
region view themselves as stewards of the land with an obligation to future generations,
and they aim provide habitat for wildlife as part of an overall system of range
management (Conley et al. 2007; Lien et al. in revision). Such views indicate that
incentive-based approaches may not be needed to motivate conservation in the Arizona–
New Mexico border region. However, ranchers also have significant distrust of
government, which may reduce willingness to participate in management activities when
there is an interaction with regulations, including the ESA (Svancara et al. 2015).
Finally, the use of an incentive-based approach for jaguar conservation is also
distinctive because of the threat jaguars pose to livestock. While there are few
documented cases of jaguar depredation of livestock in the United States, such losses do
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occur in other parts of the jaguar’s range (Rosas-Rosas et al. 2008). By asking ranchers to
participate in a PES program that enhances jaguar habitat, proponents of the program
would also be asking ranchers to accept an increased economic risk of depredation if the
program were to succeed in increasing the number of jaguars present in the region.
To understand the willingness of landowners to participate in a voluntary,
incentive-based conservation program for jaguars, we surveyed all ranchers in southern
Arizona and southwestern New Mexico (n=271), an area comprising all viable jaguar
habitat in the United States (United States Fish and Wildlife Service 2014). Our overall
research question was to see whether payments for ecosystem services could overcome
landowners concerns about the impacts of ESA regulations. This research question was
addressed by testing two hypotheses (Table 1): H1, rancher’s willingness to participate in
payment for ecosystem services programs is negatively impacted by ESA regulations;
and H2, ranchers are more willing to engage in conservation of ESA species when
offered incentives.
Methods
We surveyed ranchers in southern Arizona and southwestern New Mexico to test
our hypotheses and to answer our research question about the attitudes of ranchers in
southern Arizona and southwestern New Mexico toward incentive-based approaches to
habitat conservation for jaguars. Here, we briefly review our study area and population
and survey design, distribution, and analysis methods.
Study Area and Population
Our study area for the survey was southern Arizona from the Baboquivari
Mountains to the west, Interstate 10 to the north, and the New Mexico-Arizona state line
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to the east, and the “boot heel” of New Mexico. This study area was selected because it
includes all of the areas designated as critical habitat for jaguars by the USFWS, along
with areas adjacent to jaguar critical habitat. The area corresponds with the portions of
Arizona and New Mexico where jaguars have been seen in recent years (Grigione et al.
2007). This region is predominantly rural; Tucson, Arizona, is the only large city. The
dominant land use is ranching, which takes place on a complex matrix of federal, state,
and privately owned land.
To develop a list of ranches in southern Arizona and southwestern New Mexico to
distribute our survey, we used the mailing lists of Arizona Cooperative Extension in
Santa Cruz, Cochise, and Pima Counties in Arizona; the mailing list of the Arizona Cattle
Growers Association; lists of federal grazing allotment permittees; and property tax
records. From these records, we identified 271 unique ranching operations in the study
area. Some ranches are held by individuals; others are held by corporations, partnerships,
or other legal structure. Each individual, corporation, or partnership received a single
survey, even if it held more than one ranch in the study area. Because we were able to
cross-check several data sources to develop a study population, we believe we captured
all ranches or ranchers that should have been included in the sample. It is more likely that
we over-sampled rather than under-sampled to ensure we did not inadvertently exclude a
ranch. The survey was a census of the 271 identified ranches.
Prior to distribution, all recipient addresses were assigned a group code based on
location relative to the designated critical habitat boundaries for jaguars. In 2014, the
USFWS legally designated critical habitat under the ESA in southern Arizona and
southwestern New Mexico. Critical habitat is an area of habitat considered essential to
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the recovery of the species. The jaguar critical habitat area is approximately 850,000
acres (United States Fish and Wildlife Service 2014). There were four group codes:
inside critical habitat boundaries, outside critical habitat boundaries, in a buffer located
near critical habitat, and in an unknown location (used when we had no way of knowing
where a ranch was located, for example when the address was a post office box). Group
codes were assigned to allow for division of the response set to test if the location of a
ranch relative to critical habitat influenced respondent’s opinions.
Survey Design
The questionnaire consisted of 41 questions divided into sections designed to
progressively test several research questions. The paper reports only on the portion of the
survey addressing ranchers’ attitudes toward payment for ecosystem services programs
and the impact of ESA on their willingness to participate in these programs. Prior to
developing the survey, we conducted a series of key informant interviews with ranchers
in the study region (Svancara et al. 2015). These interviews were used to gain an initial
understanding of the issues the survey would address. The interviews enabled us to
design a survey that used appropriate and relatable language to describe issues. For
example, from the interviews we learned that the term “conservation incentives” is better
understood than “payments for ecosystem services.”
The survey included several question types. Most of the questions used a one-tofive Likert scale, with each number on the scale labeled from strongly disagree to
strongly agree or similar as appropriate for the question. The mid-point was always
neutral. Likert-scale questions use an ordinal response scale and generate a single ordinal
data point for each respondent. Other questions used fixed responses and free responses.
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Most questions, regardless of type, provided respondents with the option to write in a
response by using an “other” option with a blank line to fill in a response, or with a
comments section. Finally, many respondents provided unsolicited written comments on
the survey. These written comments were treated as valid data for analysis.
Prior to administering the survey, we tested the complete questionnaire with
faculty in the University of Arizona’s Rangeland Ecology and Management and
Cooperative Extension programs. The survey and all distribution materials received an
exempt approval by the University of Arizona’s Human Subjects Protection Program
Institutional Review Board under approval number 1401187773. Because the survey was
funded under a federal contract, it was also reviewed and approved by the Office of
Management and Budget under permit number 1018-0157.
Survey Distribution
We followed the Tailored Design Method (Dillman et al. 2004) to distribute the
survey. Respondents were sent an introduction letter on University of Arizona
Cooperative Extension letterhead notifying them that they would be receiving a survey
about wildlife conservation, incentives, and jaguar issues. Approximately one week later,
the survey packet was mailed to all respondents. The survey packet included an
introduction letter printed on letterhead; the survey booklet printed in color with
University of Arizona, Cooperative Extension, and Udall Center for Studies in Public
Policy logos (the sponsoring organizations) on the cover page; and a pre-addressed and
stamped return envelope. After two weeks, non-respondents received a second survey
packet with the same materials as in the first mailing. After one more week, nonrespondents received a reminder postcard. Finally, after one additional week (one month
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after the original mailing) remaining non-respondents received a third and final mailing
of the survey packet. Respondents were also given the option to respond to the survey
online, though none elected to do so. The response rate was 41%.
Survey Analysis
The goal of the survey was to learn about rancher’s attitudes toward PES
approaches to wildlife habitat conservation in the context of the ESA. Our three
hypotheses tested various dimensions of this overall research question. Before testing
each hypothesis, we developed basic summary statistics for each question. Summary
statistics consisted of frequency counts for fixed response questions, summary and
thematic analysis for free response questions, and frequency count and medians for
Likert-scale questions.
Initial analysis of summary statistics showed that most of the data from Likertscale questions were strongly skewed. Chi-square goodness-of-fit tests perform poorly
with small cell counts. To help overcome this problem, we collapsed categories on all
Likert-scale questions from five to three – disagree/negative, neutral, and agree/positive.
Even after collapsing categories, small cell counts were still a frequent problem,
reflecting the strong opinions of the respondents toward the issues addressed in the
survey. Fisher’s exact test provides a better solution for small cell counts than chi-square
tests. While Fisher’s exact test was developed for 2x2 tables, the MASS package in R is
capable of using it on larger tables. We used this approach for analysis of all Likert-scale
questions. As an additional check on the significance of all Fisher’s exact tests, we also
performed chi-square tests with simulated p-values based on 10,000 iterations of the chisquare test.
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Results
Of the 271 surveys distributed to ranchers in southern Arizona and southwestern
New Mexico, 112 (41%) were completed and returned. Survey responses were
anonymous. Only one respondent reported that they were not currently ranching; this
individual retired from ranching just prior to the distribution of the survey. To test nonresponse bias, we compared demographics of the respondents across the three mailings
and found no significant differences. The demographics of the respondents (Table 2) are
also consistent with what is known about the ranching population in our study area from
previous research (Conley et al. 2007).
Most respondents were older – 87% age 50 or older and 64% age 60 or older.
Most were long-time ranchers with at least 21 years of experience managing their current
operation (62%). Another 28% have been managing the same operation for 10 to 20
years. The study region is home to many families with deep roots in ranching. A majority
(60%) reported that their families have been in ranching for over 75 years, while only
12% reported that their family had been in ranching for fewer than 24 years. The size of
respondents’ operations and percentages of total household income they receive from
ranching was well distributed. One fifth (22%) of respondents reported running large
operations of over 500 head of livestock and another fifth (22%) reported operations of
301–500 head. A plurality of respondents (30%) reported moderate sized operations of
101–300 head, while a quarter (26%) were small ranches with fewer than 100 head of
livestock. Incomes were less well distributed, but consistent with expectations. Thirtyfour percent earned more than three quarters of their income from ranching and 19%
earned between half and three quarters of their income from ranching. About half (47%)
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earned less than 50% of their income from ranching. Finally, there was an even balance
of ranchers with grazing permits from the Bureau of Land Management (44%) and U.S.
Forest Service (45%) as a part of their operations. Sixty-nine percent also had state land
grazing permits.
Qualified Interest in Incentive Programs
Our hypotheses directly address respondent knowledge of and interest in PES
programs for wildlife habitat conservation and how ESA regulations affect willingness to
participate. These hypotheses are at the core of our research questions about whether
voluntary incentive programs to conserve endangered wildlife can help overcome
agricultural producers’ concerns about government involvement and regulation. The data
led us to accept hypothesis H1, that ranchers’ willingness to participate in incentivebased approaches is negatively impacted by ESA regulations and reject hypotheses H2,
ranchers are more willing to engage in conservation of ESA species when offered
incentives.
Most respondents to our survey were already familiar with conservation incentive
programs. A majority (70%) were currently participating in a Farm Bill conservation
program or had participated at some point in the past. The most commonly used program
was the Environmental Quality Incentive Program (EQIP), the largest federally funded
conservation incentives program available to US agricultural producers. Some
respondents also participated in the Wildlife Habitat Incentives Program (16%), a
separate federally funded conservation incentive program that has now been merged into
the EQIP program.
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We offered respondents four different program models, representing a range of
approaches to implementing a voluntary, incentive-based approach to rangeland
conservation: 1) a traditional cost-share model; 2) management incentives, where the full
cost of management practices is supported; 3) long-term conservation contracts
accompanied by annual rental payments (similar to the Conservation Reserve Program);
and 4) wildlife habitat credit markets. Respondents indicated their interest level in each
program type and also ranked their interest in the different program types relative to one
another (Table 3). Overall, respondents ranked traditional cost-share programs as their
top choice and 52% were either interested or very interested in this program type.
Management incentives were of interest to 48% and the second ranked choice overall.
Taking respondents’ top two choices into account, management incentives was the most
popular relative to other program types. Conservation contracts was the third most
popular program design (29% interested); credit markets were ranked the lowest and
were of interest to only 20% of respondents. Overall, 62% were interested in learning
more about any of the offered program types.
Chi-square and Fisher’s exact tests revealed few significant relationships between
demographic variables and interest in various program structures. There was a
relationship between operation size and interest in both management incentives (chisquare = 19.056, P = 0.0134) and conservation contracts (chi-square = 17.148, P =
0.0253). Cell counts indicate that respondents with larger operations may be more
interested in these types of incentive programs.
A series of questions about how certain policy conditions may change interest in
participation reveal that respondents are most concerned about what improving habitat
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for endangered species will mean for them relative to ESA regulations. We asked how
interest in a program would change if participation would increase the chances of an
endangered species using their land, if the program was funded by the federal
government, if they had an agreement with USFWS to relieve some regulatory
obligations under ESA, or if the program was funded by a private organization. We
compared changes in interest as a result of the above conditions relative to overall interest
in the voluntary conservation incentive models presented in the survey. All comparisons
resulted in significant results using chi-square or Fisher’s exact tests (Tables 4 and 5).
Cell counts from cross tabulations, subsequent questions, and written comments helped
us interpret these results.
When there is an increased chance of having an endangered species on their land,
a small number of respondents (7%) were actually more interested in participating in an
incentive program. All of these respondents came from the group that was already
interested in incentives. In total, about half of respondents were less interested – 30
respondents (27%) who were initially interested were now less interested and 29 (26%)
who were not interested previously were even less interested after the inclusion of
endangered species. The use of federal funding to support an incentives program yielded
similar results, though in this case one respondent that was previously not interested was
more interested if the program had federal support. Nine respondents who were already
interested were more interested. In total, 54 respondents (48%) were less interested than
previously. The presence of regulatory assurances against ESA regulations in the form of
a Safe Harbor Agreement did result in some increase in interest. Seven respondents not
interested and 27 respondents who expressed general interest were more interested in
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incentives if regulatory protections were in place. Overall, however, 49 respondents
(44%) were still less interested than previously even with regulatory protections in place.
Finally, the use of private funding significantly increased interest, especially among those
who were already interested in incentive programs. Twenty-seven respondents (24%) in
this category were more interested, along with seven who were previously not interested.
This was the only category in which more respondents indicated an increase in interest
than indicated a decrease. When offered a list of reasons that might deter their
participation, the two highest ranked were land use and permit restrictions (68%) and
limits to management flexibility (64%). When asked who they trust to manage an
incentives program, 49% selected Arizona or New Mexico State Cooperative Extension;
only 11 respondents (10%) selected any federal resource management agency (USFS,
BLM, or USFWS), though 42% trusted the Natural Resources Conservation Service
(NRCS). The NRCS administers existing federally funded conservation incentive
programs such as EQIP.
Discussion
Researchers and conservationists see PES programs as a means to achieve a range
of goals: as a motivation to participate in improved resource management or management
of biodiversity (Shogren et al. 1999; Brook et al. 2003), as a way of overcoming conflict
that prevents achievement of resource management or species conservation goals
(Lindhjem and Mitani 2012), or as a way of providing landowners with the economic
means to implement improved resource management practices (Hadlock and Beckwith
2002). Evidence from our research shows that in cases of endangered species, it is
possible or even likely that none of these goals will be achieved.
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Based on the results of our survey, the answer to our research question, can
payments for ecosystem services overcome agricultural producers concerns about the
impacts of ESA regulations, is generally no, incentives alone are not likely to reduce
producers’ concerns because of an overriding mistrust of government. While the ranchers
who responded to our survey are interested in wildlife conservation generally, their
dominant concern was over increased government involvement in their operations
stemming from ESA regulations. Respondents were reluctant to take any action that
would increase the chance of an endangered species on their ranches because of concerns
that the federal government will intrude on the management of their ranches. It is unclear
from our results if ranchers in the region would accept jaguars on their ranches if the
species was not listed as endangered, though there are indications that they would.
Comments by ranchers on the survey and in other forums indicate that many ranchers
view jaguars with a great deal of respect. Findings from past research on attitudes of
ranchers in our study region indicate ranchers have a strong conservation ethic (Conley et
al. 2007; Svancara et al. 2015, Lien et al. in revision). Our findings on the strong
influence of ESA regulations on landowner attitudes is also consistent with research on
this topic (Zhang and Mehmood 2002; Lueck and Michael 2003; Brook et al. 2003).
Payments for ecosystem services or other conservation incentives are unable to
overcome respondent’s apprehensions surrounding the ESA. While a majority of survey
respondents were interested in conservation-incentive programs generally and in several
of the specific incentive program models included in the survey, when protection of
endangered species was added as a program goal, interest dropped significantly. In
general, proponents of voluntary PES approaches to endangered species conservation
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must be wary of potential problems with non-participation by land owners and managers.
A fundamental goal of PES approaches is to provide an economic incentive to
landowners to maintain the benefits provided by nature to people. If a PES program does
not have a sufficient number of sellers (landowners who are willing to produce the
ecosystem service of interest to buyers in return for compensation) or buyers (individuals,
organizations, or governments interested in encouraging the increased provision of a
service by landowners), a program may fail to achieve its objectives.
In southern Arizona and southwestern New Mexico, we surveyed a population of
ranchers with a documented land ethic (Lien et al. in revision). Our survey showed a
corresponding interest in conservation, with a majority of respondents interested in or
already implementing management practices and participating in incentive programs.
Despite this, there is still significant reluctance to engage in new incentive-based
approaches due to lack of trust of federal government agencies and concerns about ESA
regulations. Monetary incentives do not overcome ranchers’ fears that they will lose
control of their operation or compromise their ability to manage their operation as they
would like due to ESA restrictions on use. The primary policy tool available to the
USFWS to assuage landowner concerns about ESA regulations, Safe Harbor Agreements,
results in only a small change in willingness to participate. Safe Harbor Agreements
allow landowners to return their land to its previous management and use after
implementing conservation practices to benefit endangered species, under certain
conditions.
The only circumstance where large numbers of respondents were interested in
participating in a conservation incentive program was when the federal government was
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not involved as an administrator or funder of the program. By removing government
involvement there is no “federal nexus” between the rancher and the government. A
federal nexus increases the regulatory authority of the federal government over private
land; once federal funds or permits are issued for activities on private land, all regulations
applicable to federal agencies also are applicable to the private land. Survey respondents
clearly understand this dynamic and view programs administered or funded by federal
agencies unfavorably. This finding holds despite the fact that most of the ranchers
surveyed use public land grazing allotments, which are already subject to full federal
regulatory authority. Participating in a conservation incentives program would not change
the scope of regulations applicable to the public rangelands used by ranchers. Rather than
increasing respondents’ comfort level with federal regulations, past experience seems to
provide the basis for their concerns.
Payments for ecosystem services approaches cannot overcome conflict, lack of
trust, or wariness about regulations in all cases. Even in southern Arizona and
southwestern New Mexico, where ranchers have a history of engaging in conservation
efforts and have a strong land ethic, long held mistrust between federal agencies and
ranchers and concerns about regulatory risk could undermine the ability of an incentives
program to attract a sufficient number of participants to succeed. However, based on our
findings we are able to offer several suggestions for achieving successful incentive-based
approaches to endangered species conservation:
1) Voluntary conservation-incentive programs are attractive to ranchers. We
found significant interest in cost-share approaches, management incentives that pay the
full cost of management practices in return for a maintenance obligation, and some
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interest in long-term conservation contracts that pay landowners a land rent to implement
a long-term conservation plan. Proponents of PES approaches working with the ranching
community should collaboratively examine these options to determine what works best in
their circumstances.
2) Our survey results and findings from other studies (Jackson-Smith et al. 2005;
Kreuter et al. 2006; Conley et al. 2007; Svancara et al. 2015) show that ranchers are
interested in conservation and land stewardship. To take advantage of preexisting
conservation motivations, proponents of PES programs should focus on management
actions and conservation practices that promote healthy ecosystems and wildlife habitat
generally. Programs should avoid focusing solely on endangered species or species that
have been discussed as having a high potential of becoming endangered. This will help
to avoid explicit entanglements with endangered species regulations, while often still
providing a benefit to species of concern. We are not suggesting that program proponents
hide the fact that endangered species may benefit from implementation of an incentives
program. Rather, we are suggesting that PES proponents focus on areas of common
ground first – general ecological and rangeland health – and endangered species
conservation goals second.
3) Programs that rely on private funding rather than government funding may be
more attractive to ranchers, especially to ranchers with operations primarily made up of
private land. Ranchers distrust the federal government and are leery of federal
regulations. Private funding avoids these entanglements. We also found that ranchers are
most likely to trust cooperative extension personnel to administer a program. In the
western United States, cooperative extension has a long history of working with farmers
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and ranchers to improve resource management. In other places, an equivalent to
cooperative extension may not exist. In these cases, program proponents should seek to
identify an organization that is known to and trusted by the intended participants.
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Figure D1: Map of study area in southern Arizona and southwestern New Mexico
showing boundaries of the legally designated critical habitat areas for jaguars (United
States Fish and Wildlife Service 2014)
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Table D1: Hypotheses, evidence needed to accept hypotheses, and results
Hypothesis

Evidence

Result

H1: Ranchers are less willing to

Responses to questions about PES program

Accept

participate in PES because of ESA

interest are conditioned by attitudes toward
ESA

H2: ranchers are more willing to

Responses to questions about the impacts of

engage in conservation of ESA

ESA on willingness to participate in a PES

species when offered incentives

program

Reject
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Table D2. Demographics of survey respondents.

Survey Item

Count %

Survey Item

Age

Count %

Years family has been ranching
20-29

1

1

1-9

1

1

30-39

4

4

10-24

12

11

40-49

9

8

25-49

13

12

50-59

24

23

50-75

16

15

60 or older

68

64

Over 75

64

60

Years on current operation

Operation size

1-9

11

10

< 50 head

12

12

10-20

30

28

50-100 head

15

14

21-40

38

36

101-300 head

31

30

41-60

19

18

301-500 head

23

22

Over 60

8

8

> 500 head

23

22

< 10

16

16

10-49

32

31

50-75

20

19

76-100

35

34

% Income from Ranching
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Table D3. Interest in different conservation incentive program models. Two metrics were
used to determine interest in program models: Likert scale-type questions about each
program model and a relative ranking of preference for each program type relative to
others. Interested/Neutral/Not Interested columns provide summary of Likert scales and
Average Rank column provides the mean ranking of each program model from one to four.
Interested Neutral

Not Interested

Average rank

Cost-share Incentives

57

26

24

2.21

Management Incentives (full cost)

53

24

31

2.10

Conservation Contracts with

31

34

42

2.24

20

36

51

3.57

Annual Payments
Ecosystem Services Credit Markets
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Table D4. Relationship between interest in incentive
programs and ESA listed species. Table compares binary
interest in incentives generally (rows) with how interest is
affected by ESA listed species. P values are chi-square test
with simulated P value based on 10,000; only significant
results shown.
Participation increases chance of ESA
listed species on ranch
Interested in

More

Incentives

Neutral

Interested

Less
Interested

Yes

8

25

30

No

0

11

29

P = 0.012

n = 103

If a Safe Harbor Agreement is available
to participants
Interested in

More

Incentives

Neutral

Interested

Less
Interested

Yes

27

7

25

No

7

7

24

P = 0.022

n = 97
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Table D5. Relationship between interest in incentive
programs and potential funding sources. Table compares
binary interest in incentives generally (rows) with how
interest is affected by the funding source of the incentives. P
values are chi-square test with simulated P value based on
10,000 replicates; only significant results shown.
Incentive program is funded by the
federal government
Interested in

More

Incentives

Neutral

Interested

Less
Interested

Yes

9

27

26

No

1

11

28

P = 0.0102

n = 102

Incentive program is funded by a
private organization
Interested in

More

Incentives

Neutral

Interested

Less
Interested

Yes

27

26

7

No

11

23

7

P = 0.008

n = 101
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APPENDIX E: USING INSTITUTIONAL GRAMMAR TO IMPROVE
UNDERSTANDING OF THE FORM AND FUNCTION OF PAYMENT FOR
ECOSYSTEM SERVICES PROGRAMS
Lien, AM, A Lona, and E Schlager. In prep. Using institutional grammar to improve
understanding of the form and function of payment for ecosystem services programs.
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Abstract:
Payments for ecosystem services (PES) schemes are governed by complex institutional
arrangements. Specific rules are needed to control who can participate in buying and
selling of services, under what circumstances participation is allowed, how transactions
are regulated, and many other actions. Decisions made by the developers of PES schemes
about what rules to include and what form these rules take are likely to have an impact on
the eventual success or failure of the scheme. This paper applies the Institutional Analysis
and Develop Framework’s rules typology and Institutional Grammar Tool to develop a
new method of classifying and summarizing institutional arrangements of PES schemes.
We use 21 water quality trading schemes and develop the institutional rules classification
and summary system. The classification system enables comparative assessment of
institutional diversity across PES schemes. We demonstrate the utility of the
classification system for this purpose by showing that there is significant institutional
diversity among water quality trading schemes, despite their common environmental
objectives and market-based approaches to addressing environmental challenges. We
conclude with suggestions for applying the classification system to comparative research
to understand the effectiveness of PES schemes generally and how differences in
institutional arrangements may contribute to success or failure.
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Introduction
Payment for ecosystem services (PES) schemes are complex and varied.
Differences between programs result from the large range of ecosystem services targeted
by market-based approaches and variation in attributes of the buyers and sellers of
services. At the same time, all PES schemes seek to use market-based approaches to
conserve natural resources through transactions that incentivize management and
maintenance of ecosystem service flows (Muradian et al., 2010; Wunder, 2007).
Therefore, it is reasonable to expect substantial overlap in the structure and function of
PES institutions. For example, as market-based approaches, PES schemes are expected to
have clear rules about who is allowed to participate and what information is available to
participants (Wunder, 2007). New tools are needed to understand institutional
heterogeneity among PES schemes and the impacts of differences in institutional
structure on program outcomes. Here, we introduce a new method for classification and
summary of the institutional arrangements of PES schemes. Through the analysis of 21
water quality trading PES schemes, we develop a system for classification and summary
of institutional arrangements and demonstrate its utility for identifying institutional
diversity across PES schemes. This method, grounded in the rules typology of the
Institutional Analysis and Development (IAD) Framework, provides a tool for both
consistent in-depth case study and broadly comparative research of the institutional
arrangements of PES schemes. We conclude with a discussion of the implications of our
classification method for understanding the effectiveness of PES.
As PES approaches to conservation and environmental management become more
common, so does the need for intensive study of PES approaches to understand if and
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when they are effective for achieving conservation goals (Ferraro and Pattanayak, 2006).
As a result, there has been increasing interest in applying the methods and theory of
institutional analysis to understanding PES programs. Recent special issues of the
journals Forest Policy and Economics (2013) and Ecosystem Services (2013) have
focused on the “institutional dimensions” of PES and sought to shed light on how
institutional arrangements impact the structure and success of PES schemes. The articles
in these special issues favor two different approaches to institutional analysis of PES
programs: 1) a review of PES generally from a definitional and structural standpoint
(Derissen and Latacz-Lohmann, 2013; Kroeger, 2013; Matzdorf et al., 2013; Sattler et al.,
2013) or 2) specific, case study driven analyses of individual or a small group of PES
programs (c.f. Mislimshoeva et al., 2013; Fauzi and Anna, 2013; Hrabanski et al., 2013;
Legrand et al., 2013; Muñoz Escobar et al., 2013).
These approaches present two primary challenges for developing a broad
understanding of PES institutions. First, articles that focus on definitions of PES
programs help to provide a common understanding of what PES is to inform selection of
programs for study, but do not increase our understanding of how programs function and
what components of the institutional structures indicated by the definitions are most
important for success. Second, while individual or small-n case studies are useful when
researchers are seeking to conduct intensive studies to test hypotheses or theory, identify
causal processes, or control for confounding variables (Poteete et al., 2010), generalizing
results to new cases is difficult. In addition, the existing case study literature does not rely
on a common set of theory, so difficulties in comparing results are compounded.

147

We take a different approach, building on efforts to analyze structural
characteristics of PES programs (Bennett et al., 2014; Sattler et al., 2013) and more
recent research to develop broadly comparative approaches to institutional analysis of
PES programs (Huber-Stearns et al., 2015). However, instead of focusing on
commonalities and differences in program goals and design, we instead develop a
classification system to summarize institutional arrangements of PES programs. This
method is based on empirical analysis of the institutional statements – or rules – used to
structure programs. To accomplish this goal, we use the Institutional Grammar Tool
(IGT) and rules typology of the Institutional and Analysis and Development (IAD)
Framework develop by Ostrom (2005). The IAD Framework provides a structure for
analyzing institutional arrangements with a focus on action situations – a circumstance
where “two or more individuals are faced with a set of potential actions that jointly
produce outcomes” (Ostrom 2005, p. 32). The IAD framework defines a set of variables
present in all action situations.
The exchange of ecosystem services in any given PES program is the result of a
series of connected action situations: the application process to participate in a program,
the development of an ecosystem service credit, the exchange of an ecosystem service
credit between actors, and many others. Each action situation is controlled by a set of
rules that define who can participate, under what conditions, what actions they can take,
and the costs and benefits of participation. These rules combine to form the PES
institution, “… the prescriptions that humans use to organize all forms of repetitive and
structured interactions…” (Ostrom, 2005, p. 3). Analysis of PES programs focused on
institutional arrangements in the form of rules will improve understanding of how PES
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programs function and the relationship between institutional arrangements and program
outcomes.
This paper presents a new method for classification and summary of PES scheme
institutional arrangements based on the IAD Framework’s rules typology. To develop the
method, we focus on a specific type of PES program – water quality trading. Water
quality trading is an approach to addressing water pollution from industrial and/or nonindustrial sources, such as farms. Typically, trading programs will set an overall pollution
reduction goal for a watershed and allow polluters to trade pollution credits in order to
meet reduction goals. We selected water quality trading because it is a relatively
common, providing a large group of examples to include in our study.
Our goal in creating this methodology for analyzing PES institutions is to provide
an empirical basis for further analysis of the form, function, and outcomes of PES
programs. Institutional arrangements in the form of rules, shared strategies, and norms
define the set of possible actions available to actors participating in an institution. As a
result, these arrangements have a significant impact on the ecological, economic, and
equity outcomes of PES programs. The method presented here will improve our ability to
evaluate PES programs, allowing for increased understanding of when PES is working,
when it is not working, for whom, and why. In the rest of this paper, we explain the
methods used to classify and summarize institutional rules, present the rules classification
system resulting from application of our methods, and illustrate the effectiveness of the
method by showing its utility for identifying institutional diversity across water quality
trading programs.
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Methods
To develop a method for classifying and summarizing PES scheme institutional
arrangements, we conducted a multi-stage analysis of institutional arrangements of 21
water quality trading programs using the IAD Framework’s rules typology. This section
begins by providing a brief overview of the rules typology and how the IGT are used to
enable classification and summary of institutional arrangements. We then describe how
we applied the rules typology and IGT to develop a method for classifying and
summarizing PES institutional arrangements. Finally, we explain how the outcome of the
method – a classification system for comparative analysis of water quality trading PES
programs – can be used to test for the presence or absence of institutional diversity.
Institutional Grammar Tool
The IGT was developed by Crawford and Ostrom (Crawford and Ostrom, 1995;
Ostrom, 2005) to enable empirical analysis of institutions at the level of individual
institutional statements. Analysis at this level allows for a clear understanding of how
rules affect and control the behavior of actors relative to one another. When applying the
IGT, the unit of observation is an individual statement that permits, obliges, or forbids an
actor from taking an action. The components of the IGT and an example of how an
institutional statement is coded according to the grammar is shown in Figure 1.
The IGT provides a replicable approach to coding and differentiating institutional
statements (Basurto et al., 2010; Siddiki et al., 2011). It can be used to identify what
statements are rules, norms or shared strategies. Rules contain all components of the
ADICO grammar, while norms include only ADIC (no Or else) and shared strategies
include only AIC (no Deontic or Or else) (Crawford and Ostrom 1995; Ostrom 2005).
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The IGT also allows for consistent classification of institutional statements according to
the IAD Framework’s rules typology. Here, we are concerned with categorizing
institutional statements according to the rules typology. Therefore, for convenience, we
refer to all institutional statements as rules going forward.
Institutional Analysis and Development Rules Typology
The IAD rules typology contains seven types of rules: position, boundary,
information, payoff, aggregation, choice and scope. Each rule type affects a different
aspect of an action situation (Figure 2). The IGT and the rules typology are related.
Researchers can code rules into one of the seven rule types by using the aIm verb and the
context of the rule to understand its purpose and type (Feiock et al., 2016, Ostrom, 2005).
A description of each rule type and the generic aIm verb associated with it is provided in
Figure 3. An eight rule type, constitutive rules, was also included in our analysis.
Constitutive rules are generally definitional in character, stating what something is or a
state of the world. Constitutive rules generally lack an aIm or the aIm is difficult to
define.
Case Selection
Our analysis includes 21 PES programs focused on water quality trading (Table
1). We identified potential programs to include in our study from a review of the
literature on water quality trading (Willamette Partnership, 2015; Bennett et al., 2014;
Bennett and Carroll, 2014; Greenhalgh and Selman, 2012). Our literature review yielded
an initial list of 80 potential programs for additional exploration.
To refine our sample, we established two criteria for inclusion of a program. First,
a program had to focus on water quality trading as its primary purpose. This resulted in
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the exclusion of some programs that were designed to protect or improve water quality,
but did not use trading mechanisms. Second, sufficient documentation of institutional
arrangements was needed for each program to enable application of the IGT and rules
typology. Examples of institutional documentation include program manuals or guidance
documents used by participants to guide development and sale of ecosystem services
credits and formal regulations used to implement government-sponsored programs. Web
searches and personal contacts with organizations responsible for or involved in the
development or administration of programs were used to identify institutional
documentation. After each filter was applied, our final list was narrowed to 21 programs
with a focus on water quality trading and for which we could locate adequate institutional
documentation for analysis.
Applying the IGT and Rules Typology
In most cases, institutional documentation consisted of regulatory documents. In
the United States, water quality trading generally takes place under high level rules
established by the Clean Water Act (CWA) and the Environmental Protection Agency
(EPA). These high level rules (“constitutional rules” in the vocabulary of the IAD
Framework) set broad standards for how water quality trading is implemented at the state
and local level through operational level rules. Because water quality trading is often
used to meet CWA regulatory requirements, operational rules are frequently codified at
the state or local level. These regulatory documents are ideal for application of the IGT
because they have a clear structure that allows for easy identification of grammatical
elements. However, in a few cases, we were only able to identify guidance documents
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that were written in narrative form. Though sometimes more difficult to code, these
documents were also included in our analysis.
We coded documents in two stages – deductive coding using the IGT and rules
typology to categorize rules by each of the seven rule types, plus constitutive rules, and a
combination of deductive and inductive coding to determine common purposes of rules
for each of the seven rule types of the IAD rules typology. We did not conduct a second
stage of coding for constitutive rules because these rules are definitional, not regulatory.
Stage One: Deductive Coding: To categorize rules by type, we followed the
methods of Basurto et al., 2010 and Feiock et al., 2016. First, we reviewed each
institutional document to identify rule statements and eliminate headers, definitions, and
descriptive elements. Rule statements were placed in the order found in the institutional
document in a spreadsheet and numbered for tracking. Once all institutional statements
were collected for a program, we began the coding process. For this study, we were only
interested in determining the rule type of each institutional statement. Therefore, we
focused on coding the aIm as the indicator of the rule type (Basurto, et al. 2010; Ostrom,
2005). In the process, the Deontic and Attribute were also identified, but not recorded.
The end result was a separate spreadsheet for each program containing the complete
institutional statement, the aIm verb, the rule type, and the rule number for each water
quality trading program.
Inter-coder reliability testing was performed for stage one coding. We followed a
two-step inter-coder reliability testing process. The same two coders (authors Lien and
Lona) read and coded the institutional documents for 10 of the programs included in the
study. First, we coded institutional documentation for four programs together using the
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coding manual from Basurto et al. 2010. This step was used to develop a common
understanding of how to code different rule types. During the second step, we coded
institutional documentation from an additional six programs, first independently, and then
using a consensus approach to reach agreement over conflicts. The goal of these steps
was to standardize coding decisions and develop a high level of inter-coder reliability.
Due to limited resources, the institutional documentation for the final 11 programs was
coded independently by author Lien using the conventions developed during inter-coder
reliability testing process.
Stage Two: Deductive-Inductive Coding: The level of generality of the seven
generic rule types does not allow for an understanding of what is happening within an
institution. For example, the presence of position rules tells the analyst that specific
positions are defined, but does not allow for an understanding of what these positions are.
In order for a rules classification system to allow for differentiation between schemes on
the basis of institutional arrangements, a second level of coding to summarize rule subtypes on the basis of the rule purpose was needed. The second level codes are intended to
focus on the purpose of each rule within a given program, while still generalizing rules to
such a degree that the coding system is applicable across programs.
We coded second level rules by using a combination of deductive and inductive
coding. To start, we used a deductive approach to develop a list of rule sub-types based
on existing empirical and theoretical knowledge. The IAD Framework’s rules typology
provides additional context for each of the seven generic rule types that allows for
definition of several rule sub-types (Ostrom, 2005). For example, aggregation rules can
be symmetrical or asymmetrical depending on the weight given to different actors in the
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development and modification of rules. Symmetrical aggregation rules give participants
in an institution equal voting authority in decisions to modify other rules; asymmetrical
aggregation rules give one or more parties more power than others. The definitions of
PES in the literature and the characteristics associated with any well-functioning market
provide expectations, for example, for position rules – the existence of buyers and sellers
of ecosystem services – and information rules – all positions have access to information
about pricing and transactions (Derissen and Latacz-Lohmann, 2013; Sattler and
Matzdorf, 2013; Wunder, 2005). Finally, past efforts to develop classification systems for
PES programs using other methods provided information about expected rule types
(Bennett et al., 2014; Huber-Stearns et al., 2015; Sattler et al., 2013).
We were unable to use a deductive approach alone to predict all the potential
purposes of rules. While a deductive approach is well suited for generating a coding
protocol where there is a relatively small range of known purposes of rules, e.g. position
rules, an inductive approach is needed when the range of range of rule purposes is
expansive and difficult to predict. This is the case especially with choice rules, which
regulate actions. As a result, we supplemented our deductive coding with inductive
coding. As we conducted second level coding, we started with our set of deductively
generated rule sub-type codes. If a rule statement did not fit in any existing code, we
created a new code that described the purpose of the rule. This rule was then added to the
set of possible codes for all subsequent rules. As additional coding was completed,
inductively generated codes were adjusted to ensure that they both described a specific
purpose, but were not so specific so as to apply to only a single rule. The results section
provides a description of which codes were deductively and inductively generated.
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Applying the Classification System
Our final step consisted of compiling the final rules classification and summary
system, summarizing the coding results, and applying the classification system to
demonstrate its utility for identifying institutional diversity among PES schemes. We use
the classification system to identify commonalities and differences in the institutional
arrangements across the 21 water quality PES institutions analyzed for this study. The
classification system enables analysis across cases by generalizing specific rule
statements into a manageable set, while retaining contextually meaningful themes. To
conduct analysis across programs, we first determined which rule codes from the
classification rubric were present and absent for each program. Simple counts were used
to determine which rule types and sub-types were most common across programs. We
then describe the differences institutional arrangements and potential implications of
these differences.
Results
We collected institutional documentation for 21 separate water quality trading
PES programs (Table 1). After reviewing the regulations, trading protocols, and/or
guidance documents for each program, we identified a total of 2,218 separate institutional
statements for coding according to the IGT and IAD rules topology. A summary for these
institutional statements by program and by rule type is shown in Table 1. On average,
there were 105 rules per program (105.6, mean; 102, median). The Oregon State
Department of Environmental Quality water quality trading program had the fewest
number of rules at 34, while the Hunter River Salinity Trading Scheme, an Australian
program, had the most rules at 244. Across programs, choice rules were the most
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common rule type, while scope and information rules were also common. Payoff,
boundary, and constitutive rules were generally present for all programs, but not always
frequent. Explicit position rules and aggregation rules were less common or absent
entirely.
Classification System
Table 2 presents the final classification and summary system for PES program
institutional arrangements with first level variables (rule types), second level variables
(rule sub-types), and in some cases third level variables (additional information about the
purpose or actors affected by a give rule sub-type). In most cases, it would have been
possible to further classify rules to a fourth or even fifth level. However, at this level,
codes would become increasingly specific to the circumstance of an individual program,
rather than a characteristic identifiable across programs. Therefore, more specific coding
did not serve our goal of creating a generally applicable rule classification and summary
system that will aid in cross-case assessment of PES institutional arrangements. An
explanation of the rules classification system by rule type is as follows.
Position Rules: A total of 91 position rules were identified across programs (4.33,
mean; 3, median). Out of these 91 position rules, 5 sub-types were identified. All subtypes were identified through deductive coding using existing literature on the structure
and definition of PES programs. As position rules are relatively simple in that they are
used to assign actors to roles, third level coding was unnecessary. Ecosystem service (ES)
buyer (sub-type 1.1), ES seller (1.2), and Regulated Parties (1.5) all generally refer to the
actors involved in the exchange of ecosystem service credits. The Regulated Parties code
was used when the position rule was either not specific enough to determine if it referred
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to the buyer or seller of a service or if a regulated party could occupy either position.
Other positions related to the administration of PES programs. Regulators (1.4) generally
administer programs through the enforcement of rules and regulations. Intermediaries
(1.3) is a general code used for all other positions that help to facilitate transactions
between buyers and sellers. These positions are relatively rare and include third-party
verifiers of credits, who are responsible for ensuring that actions claimed by sellers to
generate credits are actually carried out; registrars, who track credits and credit
transactions over time; and ecosystem service credit brokers.
Boundary Rules: A total of 270 boundary rules were identified across programs
(12.9, mean; 11, median). Out of these 270 boundary rules, 2 sub-types and 9 third tier
variables were identified. Generally, boundary rules define the conditions under which an
actor may enter or exit a position. Therefore, entry (2.1) and exit (2.2) were the two subtypes coded. Position rules provide information about what third tier variables to expect;
each possible position could have boundary rules associated with it in any given program.
In addition, we used theory to further segment third tier variables. The IAD rules
topology separates boundary rules into credential- and procedural-based rules.
Credential-based rules require an actor to meet certain qualifications or characteristics to
occupy a given position, e.g. a seller of water quality credits must meet a minimum
pollution control baseline before generating credits. Procedural-based rules require actors
to submit an application for a position, pay a fee, or carry out some other qualifying
action. We coded credential and procedural rules for sellers (2.1.1 and 2.1.5), buyers
(2.1.2 and 2.1.6), other parties (2.1.3 and 2.1.7), and buyers/sellers (2.1.4 and 2.1.8).
Other parties includes all positions other than buyer and seller, e.g. intermediary or
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regulator. These rules were uncommon and did not warrant creation of unique codes.
Buyers/sellers was used in cases where a boundary rule applied to both positions. Some
entry rules were based on the location of actors in a watershed or other geographic area
(2.1.9).
Choice Rules: A total of 773 choice rules were identified across programs (36.8,
mean; 41, median). Out of these 773 position rules, 4 sub-types and 22 third tier variables
were identified. Choice rules are the most complex category, not just because there are
greater number of this rule type than any other, but also because choice rules establish the
available action set for all actors within a PES program. PES institutions involve a
several key actors, with a large number of available actions. To keep the number of rule
sub-types and third tier variables manageable, we organized the coding scheme by
position. Choice rules control the action set available to actors in specific positions
(Figure 2). It is logical to first identify the position associated with a rule and then to code
a third tier variable indicating the type of action controlled. Third tier variables were
coded inductively, though we began with a set of expectations based on PES literature,
e.g. rules requiring monitoring to take place.
Most of the choice rules we identified control the actions of buyers and sellers of
credits (3.1) and the regulatory parties involved in administration of programs (3.2),
while a smaller number of rules focus on intermediaries (3.3). Choice rules impacting
these actors were largely procedural. They lay out actions that must be taken to comply
with regulations (3.1.1), application (3.1.4) and reporting (3.1.5) procedures, what must
be done to generate credits (3.1.6), and what must be done to monitor (3.1.2) and quantify
(3.1.3) credits. Other rules address what buyers or sellers must do when there is a conflict
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(3.1.7) with other parties or a sanction (3.1.8) imposed. Regulators were subject to a
much larger range of choice rules covering the breadth of program administration
responsibilities. The most common were project approval rules (3.2.2), which set
procedures for when regulatory actors can and cannot approve credit generating projects
and transactions, and application review rules (3.2.3), which control how applications by
potential buyers or sellers are handled and set approval conditions. Other rules focused on
actions at various stages of the credit generation and management process: certification
standards for credits (3.2.1), rules specifying when a regulator can issue credits (3.2.4),
creation and management of credit risk pools and other risk management approaches
(3.2.5), and credit quantification procedures (3.2.8). A final grouping of choice rules
control basic program administration tasks: compliance monitoring and enforcement
procedures (3.2.6), tracking projects that generate credits (3.2.10), and a catch-all
category for miscellaneous program administration tasks that do not fit elsewhere
(3.2.11). Intermediary third tier variables generally overlap with the buyer and seller
variables, with one exception: facilitation (3.3.3). In a few programs, choice rules require
specific actions of intermediaries to facilitate transactions between buyers and sellers or
interactions between regulators and other actors.
Aggregation Rules: A total of 49 aggregation rules were identified across
programs (2.3, mean; 2, median). Out of these 49 aggregation rules, 4 sub-types and 8
third tier variables were identified. We used a combination of inductive and deductive
coding to identify the rule sub-types and third tier variables. Sub-types were generated
through an inductive procedure based on the purpose of aggregation rules identified. We
identified rules related to the initial establishment of trading programs (4.1); modification
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of program rules over time (4.2); how actors involved in programs collectively oversee
the program rules, procedures, and outcomes (4.3); and how actors collectively establish
pricing mechanisms for ecosystem services transacted (4.4). Third tier variables were
based on a theoretical expectation that some rules would be asymmetric – that some
actors would have more power than others – while others would be symmetric – all actors
would have equal power in making collective decisions.
Information Rules: A total of 345 information rules were identified across
programs (16.4, mean; 14, median). Out of these 345 information rules, 10 sub-types and
14 third tier variables were identified. All sub-types and third tier variables were
identified through inductive coding. In addition, while not designated as third tier
variables, we note that to understand what is happening inside an information rule, it is
important to consider the parties involved, directionality, and timing of the application of
the rule. Depending on the level of understanding an analyst is trying to achieve, it may
be adequate to simply consider rule sub-types and third tier variables, or additional
analysis of how the rule is mandating information exchange may be needed. For example,
Application (5.1) identifies that an application is required to participate in a PES
program. However, this does not provide information about who must apply, to whom,
and when. This information is present in the original text of rules, but is lost in the
generalization process of coding. Other rules of this type are Approval (5.2; rules about
providing information about approved trading projects), Appeals Process (5.3; rules about
providing information related to appeals of application rejections or project failures),
Public Notice/Comments (5.4; rules about when and who must undertake a public
comment process), Contract/Exchange Process (5.5; rules about who has access to trade
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information); and Sanctions (5.9; rules about how information related to penalties must
be conveyed).
Other information rules do have third tier variables similar to other rule sub-types.
There are a range of information rules related to Reporting Requirements (5.6). Many
programs mandate that information be reporting in a specific form (5.6.1) and at certain
frequency (5.6.2). Rules about the communication of information verifying (5.6.3) or
certifying (5.6.4) the installation or performance of practices are also common. Ongoing
monitoring data (5.6.5) or other outcomes related data (5.6.6) is sometimes required at
specific intervals. Recourse (5.6.7) refers to rules mandating specific processes for
providing information to appeal sanctions, Record keeping (5.6.8) rules require actors to
keep records in a specific form so they can be communicated to others when needed.
The Accounting sub-type (5.7) is used for rules that are focused on how
information about credits must be tracked over time. Some programs require reporting
and tracking of credit information and transactions in a formal registry (5.7.1), usually
online. Others mandate other forms of credit tracking (5.7.2), such as a spreadsheet kept
by the regulator. Finally, where there are accounting rules, there are also often rules about
who has access to information contained in the accounting records and under what
circumstances access is granted (5.7.3). Closely related to Accounting rules are
Credit/Unit of Trade rules (5.8), which mandate how ecosystem services are defined by a
program and how information about the value of those services is communicated to
various actors.
For information rules, we also provide a summary code, Access (5.10), that is not
the based on coding any one rule, but rather is the result a judgement based on an
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evaluation of the effects of all the information rules on who has access to information
about ES credits and trades for a given PES program. For the programs evaluated here,
all offer everyone access to at least some information about program performance.
Payoff Rules: A total of 313 payoff rules were identified across programs (14.9,
mean; 14, median). Out of these 313 payoff rules, 10 sub-types and 17 third tier variables
were identified. Rule sub-types and third tier variables were identified through a
combination of deductive and inductive coding. We had an expectation that there would
be rules that specify how buyers and sellers of ecosystem services receive benefits and
are allocated the costs of developing and maintaining credits. Therefore, prior to coding
we established rule sub-types for Seller Costs (6.1) and Benefits (6.2), Buyer Costs (6.3)
and Benefits (6.4), and Intermediary Costs (6.5) and Benefits (6.6). Within each of the
rule sub-types, we inductively established third tier variables providing additional
descriptors of the type of cost or benefit incurred. These third tier variables were
generally consistent across rule sub-types, and included four basic categories: monetary,
credits, compliance, and sanctions. Monetary refers to rules mandating the exchange of
money; credits to rules that require the transfer of ecosystem services credits, but without
reference to purchase or sale; compliance to rules that confer a specific regulatory
compliance cost or benefit for participation in a program; and sanctions to rules that
impose a sanction for violation of other rules. An additional third tier variable, incentives,
applies only to Seller Benefits and refers to rules that provide a non-monetary incentive
for participating in a program. Because we inductively coded the third tier variables, only
those observed are included in the final classification system. For example, we saw no
examples or sanctioning rules applicable to intermediaries.
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In addition to rules about costs and benefits incurred by specific positions, there
were also a group of rules effecting the distribution of costs and benefits that applied
across all actors. These included rules about how Trade Ratios (6.7) would be applied to
credits, the Lifespan of Credits (6.8), the Timing of Transactions (6.9) and required
Contingency/Credit Loss (6.10) contributions to buffer against risk of project failure.
Scope Rules: A total of 204 scope rules were identified across programs (9.7,
mean; 7, median). Out of these 204 payoff rules, 5 sub-types and no third tier variables
were identified. Scope rule sub-types were identified through deductive coding on the
basis of expectations from the PES literature on the goals pursued by PES programs.
These rules address the Ecosystem Service (7.1) targeted by a program for management,
the general Geography (7.2) where a program takes place, the definition of Success
and/or desired Outcomes (7.3) of a program, the Regulatory Scope (7.4) defining the
overall applicability of a program relative to high level regulations, and if Conditionality
(7.5) was required. Geography scope rules and geography boundary rules are
differentiated by their applicability. Geography scope rules apply to programs as a whole,
while boundary rules place geographic qualifications on specific actors. Conditionality
rules require that the targeted ecosystem service is continuously provided for the duration
of the live of a credit.
Testing Institutional Diversity
The rule classification and summary system is a useful tool for conducting
comparative analysis of PES programs. As an initial application of the classification
system, we use it here to assess the institutional diversity of the 21 water quality
programs used to develop the classification system. Beyond sharing a common approach
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to addressing water pollution problems, there are other reasons to think the water quality
trading programs analyzed here will have consistent institutional approaches. First, all but
one of the programs is located in the United States. In the United States, water quality
trading is the subject of several guides to aid conservation professionals and other
interested parties in the design of effective trading programs, most notably the
Environmental Protection Agency’s Water Quality Trading Toolkit for Permit Writers
(EPA, 2007) and a more recent program development guide published by the National
Network on Water Quality Trading (Willamette Partnership et al., 2015). These guides
are likely to have the effect of standardizing practice. Second, water quality regulations,
such as the Clean Water Act in the United States, provide an overall institutional context
for the development of water quality trading programs. National level water quality
regulations and associated rules set bounds that should limit the institutional diversity of
programs established at lower levels of administration.
Comparative analysis of the 21 water quality trading programs shows significant
institutional diversity across all rule types, both in the number of rules present (the
specificity or robustness of the institution) and in the purpose of these rules (functional
diversity). The rules classification system clearly highlights key differences between
programs and demonstrates that many programs do not have rules in place to establish
well-functioning market institutions. We highlight a few examples. A full summary of
institutional arrangements for each program is provided in supplementary data.
Position rules were the second rarest rule type. This is significant because it
means water quality trading programs often do not have explicit rules about who can
participate in transactions, a clear expectation of well-functioning markets. No single
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program had rules explicitly defining all five positions and two programs had no position
rules. Only one program, Willamette Partnership, had explicit position rules for buyers,
sellers, regulators, and intermediaries, while the Pennsylvania nutrient trading program
and the Colorado nutrient trading regulations were the only programs with explicit
position rules for regulated parties, regulators, and intermediaries. Two additional
programs had explicit position rules for buyers, sellers, and regulators, but not
intermediaries. The lack of intermediaries is significant because intermediaries are often
cited as a necessary condition for success. Looking at the frequency of position rules,
four programs had nine or more, resulting in a more explicit understanding of the role of
individual actors in these programs. Regulator was the most common position (12
programs), followed by Regulated Parties (11 programs). In programs where there were
few position rules, these rules tended to lump actors into general categories rather than
specify specifically who were, for example, buyers and sellers of credits. The lack of
position rules may indicate that positions are implied from boundary rules, that they are
specified in definition sections of regulations (which are typically discarded for this type
of analysis), or that they are contained in other water pollution regulations.
Boundary rules were much more common than position rules, indicating that
water quality trading institutions may specify positions through the use of conditions on
entry. All programs analyzed had at least one boundary rule and at least one rule defining
credential or procedural boundaries for buyers or sellers. However, the seven programs
with more than 19 boundary rules were responsible for more than half of the total number
present across all 21 programs. In contrast, 10 programs had less than 10 boundary rules.
In most cases (18), rules affecting both buyers and sellers were present. There did not
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appear to be a relationship between the number of boundary rules and the number of
position rules. Of the programs with a large number of boundary rules, three also had an
above average number of position rules, and four were below average. While we had an
expectation from theory that we would find exit rules (Ostrom, 2005), only one program
included exit rules. Nonetheless, we retained a sub-type code for exit rules in our
classification system as we expect to see exit rules as the classification is applied to
additional programs.
Payoff rules are central to the purpose of PES institutions and were common
across most programs, though with significant variation the number present and
comprehensiveness. The most common type of benefit to sellers was the conference of
credits, which in turn are assumed to generate a monetary return. The most common type
of cost to sellers are various types of sanctions for violating program rules. Compliance
with regulations and receipt of credits were the most common benefit for buyers, while
compliance costs and monetary costs associated with purchase of credits were the most
common costs. Only a small number of programs had specific rules allocating costs and
benefits to intermediaries, most related to monetary benefits associated with carrying out
intermediary roles. Finally, the imposition of trade ratios on exchanges were the most
common payoff rule type. Trade ratios can result in costs and benefits for both buyers and
sellers because they require sale and purchase of a larger number of credits than
otherwise would be required.
Finally, we had a general expectation that there would be a large number of scope
rules present because PES programs are performance based – a desired level of water
quality is set by regulations participants are allowed to determine the best means of

167

achieving the target. Overall, scope rules were the third least common rule type.
However, this is a rule type where there is significant consistency across programs.
Fifteen programs had scope rules that specified desired ecosystem service outcomes and
16 the defined regulatory goals. This was expected because of the performance-based
nature of water quality trading. However, surprisingly, only seven programs had specific
conditionality rules that explicitly require sellers to continuously provide a water quality
benefit for the life of a credit.
Discussion
As the initial application of the rules classification and summary system shows,
there is significant institutional diversity in the structure of PES institutions, even when
only one type of PES program – water quality trading – is considered. We see a range of
potential uses for this rules classification and summary system to improve theoretical and
empirical understanding of PES approaches. To conclude the introduction of this method,
we will briefly review how the classification system can be used for both case study
research and broadly comparative research.
At the case study level, the classification system provides a starting point for
improving comparability of case study research of PES programs and focused diagnostic
research of how various institutional arrangements impact program outcomes. A
consistent approach to understanding institutional variables is not evident in the case
studies cited at the beginning of this paper. If utilized, this classification system can help
improve comparability of studies through the application of a consistent set of variables
that are grounded in a specific theoretical tradition. This may enable more broadly
comparative research in the future.
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The classification system also gives researchers tools to dig into case studies and
conduct diagnostic research to understand what is happening inside specific PES
programs and how institutional variables affect outcomes. Our study of water quality
trading programs identified diverse institutional arrangements. For example, many
programs have robust boundary rules, while others have few or none. Boundary rules
dictate what qualifications an actor must have to participate in a program. As a result,
they have a significant impact on access to water quality trading as an alternative means
of compliance with water quality regulations, with potential impacts for program equity
and environmental success. Using the classification system, research can look inside a
program to determine what boundary rules are present and how these rules enable or
restrict the participation of certain actors. We identified similar trends in other categories
of rules. By increasing understanding of the impact of different combinations of rules on
outcomes, it may be possible to improve the design and effectiveness of PES programs or
to recognize when programs are likely to result in inequitable outcomes.
Water quality trading programs are promoted as a means to address a specific
common pool resource (CPR) problem – the overuse of water bodies as a sink for
pollution, especially nitrogen and phosphorous. Research on the institutional
arrangements used to manage and govern CPRs has yielded a set of eight design
principles associated with robust social ecological systems: well defined boundaries,
balanced costs and benefits, collective choice arrangements, monitoring, graduated
sanctions, conflict resolution mechanisms, right to self-organize, and nested enterprises
(Ostrom, 1990 Cox et al., 2010). It has been suggested by Cox et al. (2010) that the
design principles are useful for diagnostic analysis of common pool resource institutions.
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Another related tool, the Social Ecological Systems (SES) Framework (Ostrom, 2009),
expands on the IAD Framework and CPR theory and provides a structure for robust
diagnostic analysis of CPR problems (Cox, 2011; Ostrom, 2007). Both the design
principles for robust CPR systems and the SES Framework have a strong emphasis on
governance arrangements. The classification system can provide a starting point for
developing diagnostic research to determine the effectiveness of PES programs structured
around either the CPR design principles or the SES Framework. Using only the rule subtypes and third tier variables identified in the classification system, it is possible to
identify which of design principles are present and absent for a given PES program. For
example, aggregation rules were uncommon and most that did exist were asymmetrical,
indicating a lack of right to self-organize. Most programs required monitoring, but
specific position rules for monitors or verifiers were rare. These same variables are
consistent with the second and third tier variables in the SES Framework (Ostrom, 2009).
Broadly comparative research into the effectiveness of PES programs is also
needed to determine if and under what circumstances PES is may be a successful tool for
solving CPR problems. As noted in the introduction, much of the institutional research on
PES programs is case study based. From our set of 21 water quality PES programs, we
were able to use the classification system to identify commonalities and differences in
institutional design across programs. Unfortunately, robust data on the ecological
outcomes, economic efficiency, and trends in participation are not readily available for
most of the programs included in our study. Our next step is to develop these data to
enable evaluation of the impacts of institutional arrangements on program outcomes and
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to gain a better understanding of if PES programs are a successful resource management
tool.
The classification system presented here is empirically-based, but should also be
considered a draft. It was developed through the analysis of 21 water quality programs.
The focus on a single PES program type was helpful for developing an initial
classification system. However, is also likely limited the diversity of institutional
arrangements. Going forward we hope update the classification as we analyze additional
programs focused on different ecosystem services. We also welcome additions and
revisions from other researchers using the IGT to understand PES programs.
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Figure E1: Application of the IGT to parse an institutional statements and code rules by the IAD rules
typology
Unit of Observation:
No person shall engage in a major regulated project unless the Department has issued an approved storm
water management plan (SWMP) for the project.
Parsed Statement:
Attribute: Any person
Deontic: shall
aIm: engage in a major regulated project
Condition: unless the Department has issued …
Or Else: N/A
Rule type:
Boundary – sets conditions on who may develop a project (entry rule)

Figure E2: Diagram showing how different rule types affect different aspects of an action situation.
Reproduced from Ostrom, 2005.
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Figure E3: Explanations of the seven rule types in the IAD rules typology and the corresponding aIm
verb from the IGT
Position Rules: Define the actors in an action situation. A rule that states “Sellers of non-point source
pollution credits are farmers in the watershed,” is a position rule that defines the role of seller in a PES
program. Position rules allow us to assign different actors to different roles. The generic aIm verb for
position rules is “be”.
Boundary Rules: Set the conditions under which an actor may occupy a given position. Boundary rules
may be credential based, e.g. an actor must have certain educational background or have a certain
amount of experience in order to occupy a position, or procedure based, e.g. requiring an actor to
complete an application in order to occupy a position. The aIm verbs for boundary rules will relate to
entry or exit.
Information Rules: Define how information is exchanged between actors in an institution. Information
rules focus on how information is exchanged (in what form and using what means), between which
actor’s information is exchanged, and when information exchange takes place. The aIm verbs for
information rules will relate to sending or receiving information. A rule mandating production of certain
types of information, but not how that information is to be delivered or made available to other parties, is
not an information rule because it does not involve exchange of information
Payoff Rules: Establish rewards and sanctions for actors under certain conditions. Rules that define how
much an ecosystem service is worth or how many marketable credits of an ecosystem service are
generated by a specific action are payoff rules. Rules that set penalties for failing to maintain
management that generates ecosystem services credits are also a payoff rules. The aIm verbs for payoff
rules will relate to payment or receipt of benefits or imposition of fines or sanctions.
Aggregation Rules: Define how decisions are made between actors. Aggregation rules are often focused
on how other rules are made or modified, but can address any decision process that involves more than
one actor. For example, a rule that states, “The votes of all members of the board of directors shall have
equal weight,” is an aggregation rule. It defines how votes of different actors will be treated relative to
one another. The aIm verbs for aggregation rules will relate to joint action by more than one actor or the
relationship between actors.
Choice and Scope Rules: Generally, all other rules that are not one of the other rule types are either
choice or a scope rules. Choice rules are rules about actions that actors may, must, or must not take. Any
action that applies to a specific actor that does not fit into another rule category is a choice rule. An
example is “The soil and water conservation district shall verify best management practices.” This is
clearly a rule statement that requires action on the part of the soil and water conservation district. The
generic aIm verb for choice rules is “do” and relates to actions taken by actors. Scope rules relate to
outcomes. The generic aIm for scope rules is “occur.” Scope rules do not describe actions, but rather
describe outcomes related to other institutional variables. Scope rules may be of particular importance to
institutional analysis of PES programs because these programs are performance-based rather than
prescriptive institutions, e.g. they set a goal and provide a variety of mechanisms for actors to use to
meet the goal, but may not prescribe exactly which mechanisms actors must use.
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Table E1: Water quality trading institutions analyzed and rule counts
Name
Location
Rule Totals
Positon Boundary Choice Ag. Info
Alpine Cheese Ohio, USA
2
1
10
1
0
Bear Creek
Colorado, USA
2
17
41
5
15
Chatfield
Colorado, USA
3
11
46
7
43
Reservoir
Cherry Creek
Colorado, USA
10
1
29
6
46
CO State
Colorado, USA
4
6
35
2
12
CT Long
Connecticut, USA
3
1
18
4
5
Island Sound
CT General
Connecticut, USA
0
5
14
0
8
Permit
DC Storm
Washington, DC, USA
6
31
48
1
23
Water
Falls Lakes
North Carolina, USA
3
13
20
7
9
Greater
Ohio, USA
12
5
45
2
3
Miami
Hunter River
New South Wales,
12
22
82
0
23
Salinity
Australia
ID State
Idaho, USA
5
9
50
4
24
Lower St.
Florida, USA
0
19
16
0
14
Johns River
Ohio River
Ohio River Basin,
1
22
38
0
6
Northeastern USA
Ohio EPA
Ohio, USA
1
4
49
3
9
OR State
Oregon, USA
1
2
13
0
4
PA State
Pennsylvania, USA
6
8
43
2
20
VA State
Virginia, USA
4
29
49
0
42
Willamette
Oregon, USA
14
17
59
3
17
Partnership
WV Potomac
West Virginia, USA
1
28
25
1
6
WV State
West Virginia, USA
1
19
43
1
16

Payoff
14
15

Scope
5
6

Const.
3
12

12

2

8

32
14

9
27

10
11

11

0

1

2

6

6

24

7

7

10

8

1

22

4

9

45

13

43

11

32

8

5

1

2

22

4

6

10
2
6
16

14
11
17
14

4
0
3
15

19

6

14

16
5

4
14

12
3
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Table E2: Rule-based Classification System for PES programs. The numbering system specifies the relationship between rules: the first digit indicates the rule
type, the second digit the rule sub-type, and the third digit the third tier variable. For example, 2.1.4 means Boundary, Entry Rule, Credential-Buyer/Seller, or a
rule that requires buyers and sellers to have certain characteristics in order to enter the position of buyer or seller.
1. Position
1.1 ES Buyer
1.2 ES Seller
1.3 Intermediary
1.4 Regulator
1.5 Regulated Parties
2. Boundary
2.1 Entry Rules

2.1.1 Credential-Seller
2.1.2 Credential-Buyer
2.1.3 Credential-Other Parties

2.1.4 Credential-Buyer/Seller
2.1.5 Procedural-Seller
2.1.6 Procedural-Buyer

2.1.7 Procedural-Other Parties
2.1.8 Procedural-Buyer/Seller
2.1.9 Geography

3.1.1 Regulatory Compliance
3.1.2 Monitoring
3.1.3 Quantification

3.1.4 Application Procedures
3.1.5 Reporting Procedures
3.1.6 Credit Generation

3.1.7 Conflict Resolution
3.1.8 Sanction Resolution

3.2 Regulator

3.2.1 Certification/Verification
3.2.2 Project Approval
3.2.3 Application Review
3.2.4 Credit Issuance

3.2.5 Risk Management
3.2.6 Compliance and Enforcement
3.2.7 Conflict Resolution
3.2.8 Quantification

3.2.9 Program Establishment
3.2.10 Project Tracking
3.2.11 Program Administration

3.3 Intermediary

3.3.1 Quantification

3.3.2 Monitoring

3.3.3 Facilitation

3.4 Other parties
4. Aggregation
4.1 Establishment of ES market protocols

3.4.1 Conflict Resolution
4.1.1 Symmetric

4.1.2 Asymmetric

4.2 Modification of ES market protocols

4.2.1 Symmetric

4.2.2 Asymmetric

4.3 Oversight of ES market protocols

4.3.1 Symmetric

4.3.2 Asymmetric

4.4 Pricing of ES credits

4.4.1 Symmetric

4.4.2 Asymmetric

2.2 Exit Rules
3. Choice
3.1 Buyer/Seller

179

5. Information
5.1 Application
5.2 Approval
5.3 Appeals Process
5.4 Public Notice/Comments
5.5 Contract/Exchange
5.6 Reporting

5.6.1 Form
5.6.2 Frequency
5.6.3 Verification

5.6.4 Certification
5.6.5 Monitoring
5.6.6 Outcomes

5.6.7 Recourse
5.6.8 Record Keeping

5.7 Accounting

5.7.1 Registry

5.7.2 Other Tracking

5.7.3 Access

5.8 Credit/Unit of Trade
5.9 Sanctions
5.10 Access
6. Payoff
6.1 Seller Costs

5.8.1 Definition

5.8.2 Info about value

6.1.1 Sanction
6.1.2 Compliance

6.1.3 Monetary
6.1.4 Credits

6.2 Seller Benefits

6.2.1 Monetary

6.2.2 Credits

6.3 Buyer Costs

6.3.1 Sanction
6.3.2 Compliance

6.3.3 Monetary
6.3.4 Credits

6.4 Buyer Benefits

6.4.1 Credits

6.4.2 Compliance

6.5 Intermediary Benefits

6.5.1 Monetary

6.5.2 Credits

6.6 Intermediary Costs
6.7 Trade Ratios
6.8 Lifespan of Credits
6.9 Timing of Transactions
6.10 Contingency/Credit Loss
7. Scope
7.1 Ecosystem Service
7.2 Geography
7.3 Success/Outcomes
7.4 Regulatory Scope
7.5 Conditionality

6.6.1 Monetary

6.6.2 Credits

6.2.3 Incentives
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