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Executive Summary

Introduction

ater Funds are governance and financial mechanisms organized around the central

principle of watershed conservation. In an effort to secure a continuous supply of clean

water, downstream users (e.g.. municipalities, utilities, companies) and /or public agencies
direct payments to upstream communities (e.g., farmers, ranchers) and land preservation organiza-
tions to finance long-term ecological restoration and protection efforts within the watersheds on
which they rely for water. The Water Fund’s managers, consisting of key stakeholders (or housed
within an agency), typically determine the allocation of conservation investments in consultation
with technical advisors. These investments are generally focused on maintaining existing intact
natural areas, restoring lands throughout watersheds and along river corridors, and implementing
management practices to minimize the impacts of land use activities on water quality and quantity.
In addition, funds are often used for alternative livelihood strategies and other social initiatives in
participating rural communities, ranging from organic gardens to education projects, which help
protect water supplies and improve the living and economic conditions for upstream communities.

For more than a decade, The Nature Conservancy (“the Conservancy”) has utilized a variety of
strategies to protect water at its source—including investments in natural infrastructure and land
use management practices, increase water efficiencies in agriculture, and engage corporate leaders
and large water users in watershed stewardship. Water Funds are a critical tool to support this work.

Since the creation of our first Water Fund in Quito, Ecuador in 2000, the Conservancy has engaged
more than 100 partners in developing and managing Water Funds. To date, we have initiated or
launched more than 30 Water Funds throughout the world, in places as varied as Sao Paulo, Brazil;
Lima, Peru; Nairobi, Kenya; Santa Fe, New Mexico; and Bogota, Colombia.

© Erika Nortemann
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Water Funds have the potential to provide significant benefits for investors, upstream and down-
stream communities, and the natural world. However, these benefits are not guaranteed by the
creation of a Water Fund. They are engendered through science-based, sound investments founded
on a clear set of goals and ongoing monitoring data. To ensure that investments are having their
anticipated impacts and to enable corrections to management strategies, Water Funds must include
robust monitoring programs to track the environmental, economic, and social impacts of their actions.

Given limited funding and capacities, monitoring resources must be targeted to capture the most
relevant information to determine if the Fund is meeting its near-term milestones and long-term
goals. Effective monitoring requires a clear understanding of the questions the data will address.
These questions focus on judging progress toward meeting the Water Fund’s environmental, social
and economic goals; providing critical information to investors and participating programs and
communities; and evaluating effectiveness, efficiency, and opportunities for adaptive management.

Why monitoring is necessary

Water Funds operate under the assumption that activities carried out to protect and restore water-
sheds will provide the intended benefits defined in the Fund’s goals and objectives. The extent to
which these goals and objectives are achieved depends on the efficacy of models that are used to
estimate benefits, the effectiveness of the activities, the efficiency of implementation, the return on
investments that occur, and the influence of environmental and socioeconomic factors external to
Water Fund activities that can have significant impacts on results. The extent to which goals and
objectives are met given these elements will determine the long-term sustainability of Water Funds.

Financial supporters require regular reports of status, progress, and returns on investments, partici-
pating communities require evidence of benefits, and Water Fund managers require information

to strengthen models, and adaptive management based on results and changing environmental and
socioeconomic conditions. All of these aspects require well-structured monitoring and reporting
approaches.

What this document provides

This document is intended to assist people working on Water Funds to understand their information
needs and become familiar with the strengths and weaknesses of various monitoring approaches. This
primer is not intended to make people monitoring experts, but rather to help them become familiar
with and conversant in the major issues so they can communicate effectively with experts to design a
scientifically defensible monitoring program.

The document highlights the critical information needs common to Water Fund projects and sum-
marizes issues and steps to address in developing a Water Fund monitoring program. It explains

key concepts and challenges; suggests monitoring parameters and an array of sampling designs to
consider as a starting-point; and provides suggestions for further reading, links to helpful resources,
and an annotated bibliography of studies on the impacts that result from activities commonly imple-
mented in Water Fund projects.

While this document highlights the importance of setting clear goals and objectives, which will
guide a Water Fund and its activities and define what information should be tracked, it does not
provide detailed information about how to develop goals and objectives (for more information
on this process, see the Conservancy’s primer on Water Fund creation and design, Water Funds:
Conserving green infrastructure: A guide for design, creation and operation).
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Goals and objectives

Goals define the overarching expectations of a Water Fund. Objectives are defined with specific,
quantified, time-bound milestones that map pathways to success. Without clear goals and objec-
tives, Water Funds cannot determine what they are trying to achieve or whether they have been
successful in achieving it. Monitoring is conducted to assess progress towards achieving objectives
and long-term goals, to identify obstacles and course corrections that may be needed, and to high-
light successes.

Evaluating and strengthening models

Goals and objectives are commonly created using supporting information from models that esti-
mate changes in environmental conditions from a suite of activities implemented in specific places
throughout a watershed, and the ecosystem services and benefits expected to result. These models
are often optimization models, illustrating best-case scenarios to achieve the most effective and
efficient results. The ability of a Water Fund project to more accurately model expected results for
setting goals and objectives, defining priorities on where and how to work, and identifying attri-
butes to monitor depends upon empirical research. When necessary, monitoring data can give the
models a more accurate basis for making estimations.

Implementation, impacts, and external factors

Tracking implementation is critical to understanding where and how watersheds are being protected
and restored and provides the basis for evaluating progress in placing activities, understanding effi-
ciencies and costs, and estimating impacts. It is essential to quantify the impacts that Water Fund
activities are having within a watershed and to understand the role and influence of external factors
beyond a Fund’s control.

Implementation

Implementation monitoring tracks the outputs of the Water Fund, such as the number of families
enrolled in a Payment for Ecosystem Services agreement, and the specific sites and spatial scope of
different activities. Monitoring the implementation of Water Fund activities provides information
necessary for modeling expected impacts based on progress made; evaluating relationships among
activities and results observed via impact monitoring; guiding adaptive management; understanding
the cost-effectiveness of specific management strategies; and reporting progress.

Impacts

Understanding changes in environmental, social and economic systems resulting from Water Fund
activities requires data on those attributes over time. Monitoring these changes requires defining
appropriate spatial scales and time-frames to address the specific information needs. The statistical
resolution, accuracy, precision, and designs of monitoring approaches determine their strengths and
weaknesses for measuring and communicating results.

External factors

Monitoring changes in climate, resource management, and land use and land cover is necessary to
understand how the broader context is changing, and to account for the contributions that Water
Fund activities are making through appropriate monitoring designs. In some cases, the condition
of freshwater habitats, biota and services may decline over time due to factors external to the Water
Fund, and it is critical to model the further degree of decline that would have occurred without
Water Fund activities in place (the “business-as-usual” scenario).

A PRIMER FOR MONITORING WATER FUNDS 6 Global Freshwater Program, The Nature Conservancy, June 2013



Developing a monitoring program

The majority of monitoring and data collection
elements may already be in place, and if not,
portions of the Water Fund’s information needs
may already be filled. Monitoring of water
supplies and their surrounding land is typically
conducted on a regular basis by water utilities,
hydropower companies, water resource manage-
ment agencies, municipalities, and a range of
government agencies, academic institutions and
non-profit organizations.

When Water Fund projects are being developed,
defining information needs must be part of the
initial dialogue and Water Fund design, rather
than an afterthought. Identifying what informa-
tion will be needed to determine the activities to
be funded by the Water Fund and evaluate their
impacts, what is already collected, and by whom

are critical first steps. Creating a data-sharing
and privacy Memorandum of Understanding or © Scatt Warren
other formal agreement to allow access to data,

or to allow specific analytical results to be provided at the initiation of the project, should be a
priority for assessing data availability and filling information gaps.

Experts in environmental, social and economic sciences, as well as statisticians, should be involved
at all stages of monitoring design, implementation, and analysis. Monitoring should be seen as a
cooperative process aimed at including the technical and scientific expertise to achieve sufficient
rigor. Community-based data collection efforts may be included when appropriate, granted that
the inherent limitations of these methods in terms of detection limits, accuracy, and precision are
carefully considered. Community engagement may be critical for education, sustaining support for
Water Fund projects, gaining political support, and illustrating first-hand the benefits of partici-
pants’ efforts.

Audiences

Donors, investors, regulators, external stakeholders, partners, participating communities, and man-
agers require different types and amounts of information reported in various timeframes. Defining
information needs for each of these audiences informs monitoring needs and ways to communicate
results to them. It is necessary to communicate information to each audience in the appropriate
format and level of detail they require and are familiar with.

The most useful communications of results are those that are clear and direct. While some scientists
will insist that a lack of detail in reports is “dumbing down” information, the most successful
communications provide relevant information for key audiences through simple and intelligent
presentation. Data are not useful if they cannot be understood or deemed relevant.
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Introduction

ater Funds are governance and

financial mechanisms organized

around the central principle of
watershed conservation. For the promise of a
continuous supply of clean water, downstream
users (e.g., municipalities, utilities, companies)
and /or public agencies direct payments to
upstream communities (e.g., farmers, ranchers)
and land preservation organizations, to finance
long-term ecological restoration and protec-
tion efforts within their watersheds. The Water
Fund’s managers, consisting of key stakeholders
(or housed within an agency), typically deter-
mine the allocation of conservation investments
in consultation with technical advisors. These
investments are typically focused on maintain-

ing existing intact natural areas, restoring lands
throughout watersheds and along river corridors, © Erika Nortemann
and implementing management practices to

minimize the impacts of land use activities on water quality and quantity. In addition, funds are
often used for alternative livelihood strategies and other social initiatives in participating rural
communities, ranging from organic gardens to education projects.

Water Funds have the potential to provide significant benefits for investors, upstream and down-
stream communities, and nature. However, these benefits are not guaranteed by the creation of a
Water Fund. They are engendered through science-based, sound investments founded on a clear
set of goals and ongoing monitoring data. To ensure that investments are having their anticipated
impacts and to enable corrections to management strategies, Water Funds must include robust
monitoring programs to track the environmental, economic, and social impacts of their actions.

Since the creation our first Water Fund in Quito, Ecuador in 2000, the Conservancy
has engaged more than 100 partners in developing and managing Water Funds. To
date, we have initiated or launched more than 30 Water Funds throughout the world,
in places as varied as Sao Paulo, Brazil; Lima, Peru; Nairobi, Kenya; Santa Fe, New
Mexico; and Bogota, Colombia.
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For example, site-level monitoring can be used to gauge whether management practices are providing
their intended effects on ecosystem characteristics. At the watershed scale, monitoring can offer
tangible evidence of the effects of upper watershed projects on ecosystem conditions and downstream
water supply, and document trends toward meeting investors’ goals for ecosystem services.' In addi-
tion, interviews, focus groups, and socioeconomic surveys and indicators can provide an understanding
of the influence Water Fund projects are having on human communities, in terms of both economic
and social impacts—factors essential to the long-term sustainability and success of a Water Fund.

Monitoring is the act of collecting information about something over time to provide data on status
and change. Measures are a way to place monitoring information into context for communicating it
to a specific audience. Too often, monitoring is conducted to collect a vast array of data and little if
any of it is ever communicated or used to guide or evaluate management decisions. Although much of
this document focuses on monitoring, the development and tracking of key indicators and addressing
information gaps should form the basis for monitoring. It is critical that each Water Fund understand
its specific requirements for measures and reporting before developing monitoring approaches.

This document is intended to assist people working on Water Funds to understand their informa-
tion needs and become familiar with the strengths and weaknesses of various monitoring approaches.
This primer is not intended to make people monitoring experts, but rather to help them become
familiar with and conversant in the major issues so they can communicate effectively with experts to
design a scientifically defensible monitoring program.

The document highlights the critical information needs common to Water Fund projects and sum-
marizes issues and steps to address in developing a Water Fund monitoring program. It explains key
concepts and challenges; suggests monitoring parameters and an array of sampling designs to consider
as a starting-point; and provides suggestions for further reading, links to helpful resources, and an
annotated bibliography of studies on the impacts that result from activities commonly implemented in
Water Fund projects.

Each Water Fund will have unique goals, governance structure, activities, and constraints, as
determined by the Fund’s managers in the context of ecological, socioeconomic and political
circumstances. The specific information needs for each Water Fund, including minimum monitoring
requirements, will ultimately be defined by Fund managers in consultation with Water Fund
partners. However, for a complete picture of Water Fund effectiveness, ideally all Water Funds will
monitor the impacts occuring in each of the following themes: Ecosystem Functions, Services, and
Benefits; Habitats and Biodiversity; and Communities (see Chapter 4).

For each of the major themes, this primer provides an overview of parameters and monitoring
designs appropriate for particular goals, with a subset flagged as core measures that seem appropriate
for inclusion in most Water Fund monitoring programs. In addition, issues regarding controls,
external factors, lag-times for expected results, and aspects of statistical rigor are summarized to
provide insights into components of monitoring that need to be evaluated while developing a
monitoring program. Examples of monitoring approaches, as well as suggested further reading and
links to additional information on sampling designs, protocols, technical guidance, and other
resources are provided throughout the document.

A monitoring program that incorporates robust measures of the themes identified above and is designed
to address the specific goals of the Water Fund will be equipped to advance those activities shown to
accrue the most benefits and will also be able to demonstrate to local communities and investors that

1 The term Ecosystem Services is used throughout this document to denote services derived from ecosystems for human benefit. In Latin America,
these are often referred to as Environmental Services or Watershed Services.
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Section One: Preparation

Before developing a monitoring program, it is critical to define and prioritize
information needs, understand the types and sources of information that
already exist now and into the future (and who has it), critical information
gaps, and opportunities to fill those gaps. It is also necessary to ensure that
the appropriate expertise is engaged in designing monitoring programs to
ensure that data collection and analysis is rigorous and scientifically-based.




Chapter 1: Priorities for Monitoring

What information do you need?

iven the often limited funding and

capacities of Water Funds to implement

monitoring programs, it is critical to
target monitoring resources to capture the most
relevant information. An effective monitoring
program must be based on a clear understanding
of the questions that the monitoring data will
need to answer. These questions generally focus
on judging progress toward meeting the Water
Fund’s goals; providing information to investors
and participating programs and communities
regarding this progress; and giving feedback to
facilitate adaptive management.

Water Fund goals

Water Funds should have specific long-term

goals, developed in consultation with subject
experts and stakeholders as part of the initial © Erika Nortemann
project planning stage, and relating to the

ecosystem functions, services and benefits deemed most relevant to the Water Fund’s success. A
primary focus of monitoring should be to track progress toward achieving those goals as well as
near-term objectives.

Priorities for impact monitoring generally concern ecosystem services, biodiversity conservation,
and effects on people. Such monitoring should focus on measurable results (e.g., 55,000 hectares

of vegetation restoration resulted in a 10% decrease in sediment concentrations at a water supply
source, saving $100,000 annually and avoiding future infrastructure development and management
costs that would have been passed on to utility customers), rather than the ecological mechanisms
underlying results (e.g., deeper root structures and more dense coverage of shrubs results in higher
sediment retention). This latter aspect of monitoring is often a focus of research scientists, but is not
typically a priority for Water Fund monitoring, which is more focused on the outcomes desired by
investors and participating communities (though this type of monitoring may be conducted if there
is need, capacity and interest to do o).

The goals of the Water Fund should be clearly stated as part of the original planning process. These
may be general statements such as:

* Maintain a regular supply of good quality water for water users

* Reduce need for investments in additional infrastructure and management actions for providing
municipal water supply

* Sustain natural terrestrial and freshwater biodiversity in the watershed

* Enhance quality of life for participating communities
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Project goals typically include more precise objectives for defining success. These objectives should
be defined using the SMART framework, where objectives are Specific, Measurable, Achievable, Realistic,
and Time-bound. For example:

* Reduce sediment loads at downstream water intake points by 15% within 10 years

* Restore aquatic invertebrate assemblage to reference conditions within 10 years

* Decrease incidence of water-borne illness in upstream communities by 50% within s years
* Decrease water treatment costs at downstream water intake points by 20% within 10 years

* Protect or restore 30% of riparian corridors within 10 years

Other information needs

In addition to tracking progress toward achieving project goals, other information needs must be
addressed when considering monitoring priorities. It is helpful to consider what type of monitoring
information is expected, by whom, within what time frame, and in what form.

Donors (individuals, foundations and organizations that provide funding) generally want to know as
part of a regular reporting cycle:

*  What progress is being made in implementation?

* What types and degrees of environmental, social and economic responses are occurring as a
result of activities?

In addition, donors generally require reporting on progress toward any explicit objectives for activities
or products that were included in funding proposals.

Investors (individuals and corporations that are expecting benefits in return for the financial support
they provide) generally want to know:

* Are activities changing the situation in the right direction to achieve objectives (e.g., are sediment
and nutrient loadings being reduced)?

* Are activities resulting in the intended benefits for investors? (e.g., have there been reductions in
operating costs, or has the risk of water scarcity during the dry season been reduced?)

e What have activities cost, and what have been the returns on investments of those activities?

Participating Communities (those receiving payments or compensation from the Water Fund) often
want to know:

* Are the activities they are being paid to carry out providing benefits to them and/or to the
environment and to the project?
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Managers (those making management decisions) and participating partners (those implementing
management decisions and supporting activities) need more detailed information than any of the
groups above, because they are involved in making strategic management and resource allocation
decisions for the Water Fund. Monitoring can allow these managing entities to make changes to
programs if anticipated benefits are not being achieved as expected. There are five basic areas of
monitoring questions that address major issues for Water Fund management:

1. Questions focused on tracking the implementation of activities paid for by the Water Fund:
» Where and when have activities been implemented?

» How many hectares and /or kilometers of activities have been implemented in each area and

in total?
» How much has each activity cost per hectare or kilometer?
» To what extent have activities been implemented in priority areas?

» How many households have contracted with the Water Fund as part of a Payment for
EcosystemServices (PES) program?

These types of questions are further discussed in Chapter 8 (Implementation Monitoring).

2. Questions focused on the site (or smaller) scale, to monitor the impacts of a specific type of

management activity:

» What effects has installation of live fences had on sedimentation rates in adjacent stream
reaches? How does this compare to the effect of fencing cattle out of streams?

» What effect has cattle fencing had on vegetative cover regeneration?
» What effect has restoration of natural vegetation had on water flow?

Impact monitoring should include Ecosystem Functions, Services and Benefits (Chapter 10);
Habitats and Biodiversity (Chapter 11); and Communities (Chapter 12).

3. Questions to evaluate the impact of Water Fund activities at the watershed scale:

» Are changes occurring in the directions and degrees of expectations due to Water Fund

activities at large scales?
» Are activities collectively being implemented at sufficient scopes to achieve project goals?
» Are activities collectively achieving the impacts predicted by computer models?

Monitoring to assess trends is discussed in Chapter 9, and Impact Monitoring is covered in
Chapters 10, 11, and 12. The use of computer models to assist with evaluating impacts and
refining management strategies is discussed in Chapter 2.

4. Questions concerning new or changing environmental conditions, to explore new challenges to
and opportunities for meeting project goals:

» Are there existing conditions (e.g., agricultural activities, roads, sources of sedimentation such
as bank instability) not previously accounted for, that should be addressed by Water Fund
activities?

These types of questions can be addressed via reconnaissance monitoring (Chapter 7) and
ongoing monitoring of external factors (Chapter s).
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Chapter 2: Model Inputs and Validation

Understanding the accuracy of model inputs and results

any Water Funds use computer models to identify spatial priorities for implementing

activities, and to define expected results and returns on investments. Used in conjunction

with land use and land cover maps and specific types of monitoring information (as
discussed in Section 4), models can help to answer sophisticated management questions such as:

* Are management activities being implemented in sufficient scope and in the most important

places to achieve project goals?

* What is the expected dose/response relationship of specific management activities and
their impacts?

* Does the variety of activities being implemented represent the ideal mix for achieving

project goals?

Computer modeling may have been used to develop a Water Fund’s initial management plan and
expected results. If empirical data from literature on the types of activities included in the models
are not available at project inception, default values or estimates derived from expert opinion are
often used for defining some model inputs. Monitoring data can give the models a basis for generating
more accurate estimations. In all cases, providing updated data for these models will allow for
ongoing calibration (adjusting future estimations based on past results) and validation (confirming
model accuracy by comparing expectations to observations), ultimately producing valuable regional
and site-specific information for guiding activities and for defining expectations of Water Funds.

e

© Shirley Sdenz
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Chapter 3: Evaluate Existing Evidence
and Resources

Gathering relevant information

ome level of monitoring will always be

required to assess status and trends in order

to evaluate the impacts of Water Funds over
time. However, prior to designing a monitoring
approach to understand or verify impacts expected
from a given project, it is useful to conduct a review
of the body of evidence linking management
activities and results.

Assembling this evidence can provide valuable
insights into the results expected, strengthen the
process of goal-setting, and significantly reduce
the burden of proof on monitoring for establishing
causality. A review of previous work will often
provide information on likely types and ranges of
impacts, and the lag-times that can be expected

between the time of implementation and detect-
able changes, among other useful information. © Bridget Besaw
Using information from existing research allows

resources to be focused on those issues and places

where monitoring is most needed; it is more important to monitor the impacts of activities that have
not been extensively studied, than to collect data to illustrate cause and effect relationships that have
been repeatedly documented.

A comprehensive analysis of previous studies will also allow for fine-tuning model inputs. For example,
Water Fund projects often use spatial models to estimate runoff and retention results due to manage-
ment activities. The model user may be required to enter parameter values that estimate the relative
extent to which a given activity transitions a site, or to which a suite of activities transitions the ecosystem
toward a desired state, such as natural vegetative cover. The model may also assess the relative extent to
which that transition affects runoff and retention. Studies that have documented transitions in restora-
tion projects elsewhere in similar ecosystems, given various restoration scenarios, can assist in honing
these parameters, significantly improving the confidence that can be placed on both model inputs and
results. Monitoring can fill gaps when sufficient information is not yet available.

Existing literature on relationships among activities, transitions, and impacts usually does not derive
from the precise geographical area where the Water Fund is located. However, a review can begin by
evaluating the literature based on studies conducted within the Water Fund’s region and /or relevant
ecosystem types, or those employing similar water management or community structures. Then, if
more information is needed to proceed with monitoring design, the investigation moves “outward”
from there (e.g., to Latin America, then to tropical rainforests or high-alpine grasslands and com-
munities worldwide, then to wherever documented research has been done). Information from other
areas may be limited in its applicability outside of a given region, but might be useful for establishing
basic cause and effect relationships.
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When Water Fund projects are being developed, defining information needs must be part of the
initial dialogue and Water Fund planning, rather than an afterthought. Often, public and private
entities and non-profit organizations are collecting and assessing data that would address monitoring
needs, but information is not readily available because of privacy or data-sharing issues. Creating a
data- sharing and privacy Memorandum of Understanding or other formal agreement to allow
access to data, or to allow specific analytical results to be provided at the initiation of the project,
should be a priority for assessing data availability and filling information gaps.

Identify access to experts and capacity

Experts in environmental, social and economic sciences should be involved at all stages of monitor-
ing design, implementation, and analysis. Local, regional and global experts can provide a range of
perspectives and skills, as well as access to partnerships and information. Local experts are familiar
with existing data collection, and opportunities to partner with others in the area to fill data gaps,
manage information, design monitoring, conduct sampling, and conduct analyses. Monitoring
should be seen as a cooperative process aimed at including the technical and scientific expertise
required for sufficient rigor (see Chapter 6 for a discussion of statistical rigor). It cannot be stressed
enough that statisticians be consulted before data collection, to ensure that selected monitoring designs
allow for appropriate statistical analyses, and that sufficient sample replication is included to address
expected background variations in parameter values.
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Section Two: Concepts and Considerations
for Monitoring

Data collection and analyses should provide the information necessary to
answer questions in a defensible way. This does not mean that more data are
better. Data need to be collected and analyzed to take into account environ-
mental and socioeconomic dynamics to clearly illustrate and demonstrate
causality for results. There are a variety of basic concepts and considerations
that need to be understood in order to develop appropriate monitoring and
analytical approaches to address information needs.







Chapter 5: Controls and External Factors

Understanding changes from
sources other than managed
activities

he inclusion of controls in study design is

critical to isolating the effects of Water

Fund activities and understanding the
extent to which these activities contribute to
any observed changes. A control is selected to
reflect what would have happened in the absence
of a management action, policy, or program. A
control site, control watershed, or control group
ideally starts with the same or very similar char-
acteristics as the impact site, watershed or group
(that is, the site, watershed, or group expected
to be affected by Water Fund activities), and
controls experience the same or very similar
circumstances over time, with the one exception

of being subject to Water Fund activities. In this

© Erika Nortemann

way, researchers isolate causation from correla-
tion and happenstance.

Identifying appropriate controls at the watershed scale is often challenging, if not impossible. For
example, in the two-watershed design, in which an activity or set of activities is being implemented
in one of the watersheds, the watershed in which no activities are being implemented is often
erroneously considered a control watershed. A watershed can only be considered a true control if it
has been evaluated prior to implementing activities for similarity to the impact watershed in terms of
characteristics such as watershed size, elevation, stream density and gradients, geology, climate, and
patterns of land use/cover, water quality, and flow. Lacking such evaluation, there is no supporting
evidence to define the watershed as a valid control. When an appropriate control watershed cannot
be identified, alternative designs can be used, as discussed in the Impact Monitoring chapters.

Similarly, in order to select a control group to judge the impacts of Water Fund activities on human
well-being, factors such as socioeconomic status and land ownership patterns (e.g.. community/single-
owner deed) might be considered. The control and impact communities should be as similar as
possible in terms of these and other relevant characteristics before Water Fund activities are initiated.
Otherwise, any differences found between the communities may be due to pre-existing differences,
rather than to the impacts of the Water Fund. Chapter 12 offers an approach for comparing commu-
nities that differ in some characteristics prior to project implementation; however, it is essential to
have baseline data for socioecomomic indicators from all control and impact communities.

If we can isolate the cause, and estimate the magnitude of the change caused by activities, we can
demonstrate that Water Fund activities are making a difference, and describe the extent to which
that difference is occurring over time. The latter is critical in light of changes in climate and land
use patterns. The watersheds where Water Funds are operating will not necessarily remain static,
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Chapter 6: Statistical Rigor

Ensuring defensible data

onsidering the level of rigor required is critical when designing a monitoring strategy. Rigor

takes into account the resolution, precision, and accuracy of monitoring techniques, as well

as the strength of inference of the monitoring design. The ideal level of rigor depends on
the questions that are being asked, the uses of the results, the natural background variation, and
the magnitude to which monitored changes are expected to occur, as well as available capacity and
funding. A statistician should always be consulted when monitoring parameters and approaches are
considered, so that appropriate sampling design, replication, and analysis methods can be selected
in advance. This will ensure that valuable time and resources are not wasted on a design that is not
capable of detecting a significant effect.

Monitoring can be designed to make a variety of comparisons, resulting in different analytical
strengths. Cottingham et al. (2005) provide eight alternative monitoring frameworks to evaluate
environmental responses to environmental flow management, listed in increasing strength of
inference. These designs are applicable to a broad range of monitoring needs.*

1. Impact-only design. An activity has already been implemented (no before-activity data exist) and
there are no spatial controls or reference sites, watersheds or groups being used for comparison;
monitoring is limited to the site, watershed, or group where activities have been implemented.
These responses can be evaluated against specific predictions based on the conceptual model.
Causal links between temporal changes in responses are difficult if not impossible to determine
because the changes might have occurred without the activities being implemented.

2. Reference—Impact design. A modification of (1) above, where there are no before-activity
implementation data but the same parameters are monitored through time in a reference and
impact site, watershed, or group, which represents the desired direction of change for the impact.
This design provides slightly better evidence for a causal link between temporal change in
response, because natural changes through time can be measured at reference sites as well. It is
also possible to assess whether the trend of change at the impact location is towards the refer-
ence condition, if that is desired.

3. Control-Impact design. Similar to (2) above except that comparison is with a control site,
watershed, or group. This design provides stronger inference about causality because comparison
with the spatial control reduces the likelihood that effects from activities are statistically
confounded with natural change.

4. Control—Reference—Impact design. This is a combination of (2) and (3) above. Statistical
analyses test for divergence in temporal trends between the impact and the control, and for
convergence in temporal trends between the impact and the reference site, watershed, or group.
This design provides causal strength similar to (3), with the added advantage of assessing
whether the trends are moving toward reference conditions, if that is desired.

2 The list from Cottingham et al. has been slightly modified for consistency with the terminology used in the current document.
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5. Before—After—Impact design. This is a standard “impact analysis” design comparing parameter
values before versus after activities have been implemented. The “before” data provide baseline or
temporal control conditions. Evidence for causal links is limited by lack of spatial controls, therefore
it is unclear whether or not the change would have occurred independently of the activities being
implemented. This design is also difficult to use if activities are implemented gradually, if there is a
long lag-time for impacts to occur, or if the difference that occurs is not large.

6. Before—After, Reference—Impact (BARI) design. This is similar to (5) but with a spatial compo-
nent —a reference site, watershed or group that provides some measure of whether natural changes
coincide with changes seen in the impact site. This design also allows assessment of whether the
trend of a response is towards the reference condition. The test of interest is whether any before-
after difference at the impact location is the same as at the reference location. The causal
inference associated with this design is limited because the reference and impact sites, watersheds,
or groups have different conditions prior to activity implementation. This makes it difficult to
rule out a response to other factors coinciding with the start of the implementation of the activity.

7. Before—After Control-Impact (BACI) design. Similar to (6). but using a spatial control instead of
a reference. This design provides strong inference about causality because comparisons with
spatial and temporal controls reduce the likelihood of confounding effects with natural spatial
and temporal changes.

8. Before—After Control-Reference— Impact (BACRI) design. A combination of (6) and (7) that
provides strong evidence for causal links between activity and response, and also measures
whether the change is towards reference condition, if that is desired.

Note that for all of these designs, inclusion of replicates improves the validity of control—impact contrasts.

Resolution refers to the scale with which measurements are taken; for example, a measurement to the
nearest millimeter has higher resolution than a measurement to the nearest meter. Resolution is
affected by choice and /or the monitoring technique. Precision refers to the ability to reproduce the
result on the same sample. Precision is affected by the monitoring technique and sources of human
error, and should not be confused with accuracy. Accuracy reflects the degree to which the measured
observation reflects the true value, regardless of the precision of that measurement or bias of the
technique or observer. Accuracy can be affected by the monitoring approach and technique, as well as
human error. The selected levels of resolution and precision can affect the ability to measure param-
eters that require low detection limits, or to discern changes that are not abrupt or large. Precision
and accuracy can strongly impact the results and confidence of scaled-up modeled expectations. The
ramifications of different levels of resolution, precision, and accuracy should be weighed in consulta-
tion with appropriate experts when selecting monitoring approaches and techniques.

With adequate understanding of the natural variation associated with a given parameter spatially,
seasonally, and over time, and an understanding of the probability distributions of alternative
hypotheses, a statistician can design a monitoring approach that includes sufficient timing, spacing,
and number of sample replicates, and appropriate statistical analysis, thereby reducing the potential
for generating false assumptions through statistical errors. Parametric statistical methods (those
that have assumptions about probability distributions) and non-parametric methods (those that do
not make such assumptions) should be considered.

Projects may demand greater rigor in their monitoring strategy if management decisions require it,
such as for model Water Funds being used to illustrate the benefits of an approach to broad audiences,
or if participants, investors, or donors request quantitative, scientifically defensible monitoring results.
Greater rigor may also be required for testing the efficacy of certain activities to obtain suitable
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Section Three: Basic Monitoring Approaches

Monitoring information helps project teams understand the types and sources
of issues that need to be addressed through activities, and the degree to which
activities are being implemented to address those issues. Tracking status and
trends over time allows projects to evaluate whether changes are occurring
in the direction and magnitude that are desired, and provide a way to assess
progress towards achieving objectives.




Chapter 7: Reconnaissance Monitoring

Becoming familiar with the project area

econnaissance monitoring is commonly used to identify sources of factors affecting water
quality and flow that are not easily assessed using remote land use/land cover data. These
ay include assessment of stream channel condition and bank erosion hazard, confined

animal feedlot operations and other animal production facilities, point- and small-scale sources
of pollution, and on-the-ground vegetation patterns and soil conditions, among others. It can also
be used to obtain initial data on patterns of water quality, flow, habitat and biodiversity, to inform
longer-term monitoring methods and designs. Reconnaissance monitoring is not an adequate
replacement for a scientifically designed impact monitoring approach, but can provide baseline data
for a monitoring program when appropriate methods are used, or serve as an initial assessment that
would lead to more formal data collection efforts.

Reconnaissance monitoring is generally done as a one-time process using rapid assessment protocols
that indicate qualitative and categorical status, or coarse quantitative results that are useful for
characterizing initial status but are generally not sufficiently precise to thoroughly define baseline
conditions or detect trends. However, well-documented rapid assessments can be used to evaluate
the dynamics of very active sites.

When to use this approach:

*  When monitoring data indicate that existing spatial data fail to identify issues and problematic
areas, and reconnaissance methods can be used to identify and diagnose the problems

* When existing data are limited or do not exist, and a one-time monitoring survey can provide
valuable information on the status of lands and waters

Assumptions:

* Monitoring approaches are adequate to identify patterns and sources of problems with rapid,
one-time sampling.

Advantages:
* Reconnaissance monitoring is generally less expensive than long-term monitoring.

* Reconnaissance monitoring can identify problems and areas for treatment that are not identifi-
able using spatial data tools.

* Reconnaissance can be done at any time, depending on the issues and monitoring approaches taken.

* When there is little knowledge of a stream system or watershed, reconnaissance can be a tool to
get people into the field to see the situations directly.

* Sampling design is flexible and can be customized according to the need.
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Chapter 8: Implementation Monitoring

Assessing the execution of Water Fund activities

mplementation monitoring records the outputs of the Water Fund, such as the number of families

enrolled in a Payment for Ecosystem Services agreement, or the hectares of land that are being

restored through a specific type of activity. Tracking Water Fund activities provides information
necessary for modeling expected impacts based on progress made; evaluating relationships among
activities and results observed via impact monitoring; guiding adaptive management; understanding
the cost-effectiveness of specific management strategies; and reporting progress.

The Water Fund’s implementation goals are often defined through the use of computer models
that prioritize areas for project implementation. Spatially explicit models can provide solutions for
optimizing impacts from a suite of activities, and quantify the expected collective impacts from
those activities. While optimal solutions may not be implemented completely, it is important to
know the specific places where activities have been implemented, both optimally and otherwise.
This information is necessary to evaluate how efficiently and effectively activities are being imple-
mented, and to estimate the impact of Water Fund activities over time.

In order to provide accurate inputs for these models, as well as to properly design impact monitoring
approaches, it is critical that all Water Funds track the specific information about each activity
implemented or planned. Spatial tracking of project outputs should be included in a Geographic
Information System (GIS), so that actual implementation can be compared to initial spatial
priorities, allowing projections of expected results to be updated, and providing a resource for
adaptive management of Water Fund priorities.

© Adriano Gambarini
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Chapter 9: Trend Monitoring

Assessing impacts over time

rend monitoring is a critical component

of all Water Funds. Trend monitoring

assesses changes in ecosystem functions,
provision of services and benefits, and condition
of habitat and biodiversity, as well as climate,
land use, and other potential confounding
external factors. Trend monitoring focuses on a
core set of cost-effective indicators that can be
monitored over time.

Trend monitoring requires a long-term dedication
of capacity and funding for data collection. Data
collection does not need to be continuous for all
parameters, but needs to be scheduled to collect
information at appropriate intervals. Appropriate
intervals are determined based on factors such as

expense, as well as the natural variability of and . ] A
lag-time expected for the parameter of interest. © Mark Godfrey
Trend monitoring alone is a form of data collection,

rather than an experimental approach, and is not

designed to define the sources of changes; it is solely a measure of change over time. Trend monitoring
can however form an integral component of sampling designs that seek to establish the causes of
observed changes.

Trend monitoring is necessary to aid understanding of whether ecosystem functions are changing
in the desired direction and magnitude in response to Water Fund activities, given other factors
influencing the ecosystem such as climate and shifts in land use and land cover in the watershed.
Long-term monitoring of water quality, flow, and habitat and biodiversity conditions, coupled with
weather station data and computer modeling of future scenarios of climate, land use and water sup-
ply demands, is essential to adaptively managing Water Fund projects over time. Trend monitoring
is not required when the reason for data collection is to assess two distinct points in time, such as
once before and once after activity implementation.

When to use this approach:

* For tracking ecosystem characteristics that are expected to change gradually, such as sediment,
nutrients, and flow

* For tracking ecosystem services and benefits, when appropriate (see Chapter 10)

* For tracking habitat and biodiversity characteristics that are expected to change gradually over
time, such as changes in channel morphology, high-elevation vegetation, and fish assemblages

* As part of a sampling design focused on detecting changes that are expected to occur over long
time periods
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Section Four: Impact Monitoring

Given limited funding and capacities, it is critical to focus monitoring to assess
changes resulting from activities to capture the most relevant information
and conduct the right kind of analysis. A successful monitoring program is
not necessarily one that collects a lot of information, but one that requires
that the right kind of information is efficiently and effectively gathered and
analyzed to address management needs and judge progress toward meeting
near- and long-term Water Fund goals. As discussed previously, monitoring
should focus on answering the questions posed by project goals and required
for making management decisions, and must provide adequate and defen-
sible results. Data needs should also be well-defined in terms of how the
information will be analyzed, presented, and used. Any additional information
under consideration for collection should be carefully evaluated in terms of
what the data would be used for, and whether the benefits of collecting more
information outweigh the costs.

© Bridget Besaw



he attributes selected for the Water Fund monitoring program should be well-defined and

consistently monitored on a regular schedule by professionals using a sampling design and sta-

tistical procedures approved by a statistician. In most cases long-term monitoring is required,
since there can be significant lag-times between project implementation and detection of change,
especially in larger watersheds. In addition, it is important to recognize that the natural variation
of flowing systems causes significant background “noise” and seasonal patterns in flow, sediment,
and nutrient concentration data. Thus, finding statistically significant differences between baseline
(or control site) data may take many years, particularly at the large watershed scale most relevant to
Water Fund investors.

Given limited resources for monitoring in many Water Funds, attributes (the entity you are interested
in studying, such as flow) and parameters (measureable properties whose values determine the
characteristics of the attribute) should be selected based not only on relevance to project goals, but
also on the likelihood of detecting a statistically significant change in a particular attribute, given
its natural variability and the expected degree of impact of management actions. As discussed in
Chapter 6, an appropriate sampling design can increase the likelihood of detecting change, but if an
attribute is highly variable and management actions are not likely to have an impact that will exceed
that background variability, it is usually advisable to select an alternative parameter (or set of
parameters) for monitoring,

This section presents an overview of the types of data that may commonly be collected to assess the
impacts of typical Water Fund activities. Individual chapters are provided for each theme, where you
will find an overview of several conventional sampling designs, as well as a discussion and suggestions
for attributes and parameters for Water Fund monitoring. These include both primary parameters,
which directly reflect the changes in the attribute you are seeking to affect, as well as other data needed
to accurately interpret results. Additional parameters may be selected by each Water Fund depending
on more specific information needs and available resources for data collection and analysis.

Basic information is also provided for possible data collection methods. As with the choice of which
attributes and parameters to monitor, the selection of sampling methods will be dictated by the
Water Fund’s specific information needs, as well as on the monitoring budget and technical capacity.
These cursory presentations of methods are intended only as examples. Appropriate sampling methods
should be identified through research and consultation with subject experts.

Many types of data, such as water quality data that will be used in computer models, normally require
collection by qualified technicians and analysis by certified laboratories. However, dependent upon
the sampling design (discussed in the following chapters), it is likely that laboratory-led data collec-
tion will be necessary only in a subset of the watersheds where the Water Fund is working. In the
remainder, and/or alongside more sophisticated monitoring, it may be helpful to include some level
of community-based monitoring. These methods are often significantly less accurate than profes-
sional-level data collection, but they are also much less costly, allowing them to be conducted more
frequently and at more sites.

The data from community-based monitoring also gives tangible, often immediate feedback on the
benefits of Water Fund activities directly to the community. In addition, community members can
be trained to assist in data collection efforts that may be led by laboratory technicians or university
researchers, for example by downloading flow data from electronic loggers, or serving as field assistants
for collecting biodiversity data or conducting surveys. In addition to its educational value, directly
involving the community in monitoring can inculcate more interest in Water Fund activities and
increase commitment to project goals. Comparison studies of community-based and professional
monitoring results are suggested to elucidate any critical differences in the data obtained.
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Chapter 10: Impact Monitoring for Ecosystem
Functions, Services, and Benefits

Assessing changes resulting from activities

cosystem services are the primary focus of most Water Fund investments. These investments
are intended to protect and improve the quality, quantity, and flow patterns of the freshwater
supply, which in turn provides ecosystem services and benefits to water users (and for some
Water Funds, reduced risk of flooding). This chapter focuses on monitoring the water supply
throughout the watershed, and the downstream services and benefits accrued due to Water
Fund activities.

For monitoring ecosystem services, it is helpful to differentiate three steps along the supply chain
from nature to human beneficiaries: ecosystem functions, services, and benefits. (See Figure 1 for a
graphic depiction of these steps.)

Overview: Ecosystem functions, services, and benefits

Ecosystems provide important functions that yield services and associated benefits to people. In
terms of freshwater, these functions can be thought of as either “provisioning” or “regulating.” The
effects of management actions on provisioning functions, such as increased stream base-flow, can

be directly monitored in streams (assuming external factors are monitored as well). However, the
effects of management actions on regulating functions, such as increased retention of flood waters
and sediment, and assimilation of nutrients and bacteria on the landscape, present a challenge for
monitoring because they cannot easily be directly observed and quantified. What is commonly
monitored is not retention per se, but rather the opposite: runoff and erosion. Observing sediment
levels in streams provides an indirect indication of the retention capacity in the watershed, but it
does not tell us directly how much sediment has been retained on the landscape by vegetation, soils
and management activities. Computer models are often used to estimate retention functions and
the changes to these functions resulting from Water Fund activities. Monitoring ecosystem func-
tions can provide information to calibrate and validate model outputs, strengthen confidence in
model inputs (if necessary), gauge the relative effectiveness of specific management practices, and
detect overall effects and trends in ecosystem functions resulting from Water Fund activities.

Ecosystem services derive from ecosystem functions, and are monitored at relevant points of use. Services concern
the provision of resources that people use (e.g., water volume at drinking water extraction points), or the
regulating effect of ecosystem functions on the condition of those resources (e.g., reduced sediment levels
at reservoir inflows). Ecosystem benefits represent the contribution of these services to human well-being,
expressed in monetary or non-monetary terms. Benefits from provisioning services, such as the volume
of water for the municipal water supply, are directly consumed by people. The significance of a change in
this service to people’s well-being is determined by water scarcity and the ability for people in the area to
obtain water from other sources. For example, if water is locally ample, then increasing the water supply
will not accrue in much human benefit, since all needs are already met. As well, if water is locally scarce,
but people can cheaply buy bottled water, increasing local water supply will not provide a large benefit

to human well-being, and any monetary value associated with this benefit would be low. However, if
water is scarce, and alternatives are either unavailable or expensive, then increasing local water supply will
provide a large benefit, including a potentially high monetary value.
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Similarly, a regulating service, such as retention leading to reduction of sediment at points of use,
only provides significant direct benefits when a certain threshold is crossed. For instance, if forest
restoration reduces the amount of sediment loading in the watershed, and sediment is decreased
sufficiently downstream to reduce the need for water treatment, then there is a direct measureable
benefit associated with the regulating service. Conversely, if sediment concentrations are already
below the threshold requiring remedial management actions, then increased sediment retention
would not provide a near-term measureable benefit.

Current or future avoided costs can be tallied as a benefit if analysis suggests that Water Fund
activities are providing a buffer against changing conditions in the watershed (such as increased land
clearing) that would otherwise have caused higher management costs (such as for reservoir dredging,
water treatment, alternative water sourcing, etc.) or other losses (e.g., damages due to flooding).
These analyses are essential for defining how Water Funds address potential gaps in future supply
and demand. (See Table 1 for a listing of ecosystem functions and their associated potential services

and benefits.)

Ecosystem function monitoring is helpful for illustrating important trends, such as whether
management activities are having their intended effects (in the context of climatic and watershed
land use data), and whether additional activities need to be implemented. However, for service
users and beneficiaries, the most relevant information concerns the delivery of services and benefits,
such as how much water is available for drinking or irrigation in a given season, and whether costs
for providing water have increased or decreased. In terms of monitoring Water Fund success, then,
monitoring information on services and benefits will generally be of the greatest interest and impor-
tance. Definition of the ecosystem functions, services and benefits relevant to the Water Fund’s
goals should be developed in consultation with subject experts and stakeholders as part of the initial
project planning stage.

FIGURE 1: Conceptual relationship between activity, ecosystem service gain, and associated benefits
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TABLE 1: Examples of common Water Fund ecosystem functions, and potential downstream
services and benefits. Potential services and benefits are realized if improvements to ecosystem function
yield a change that is beneficial for human users.

FUNCTIONS

Nutrient retention in
watershed

Sediment retention in
watershed

Flow regulation

POTENTIAL SERVICES
(current and future)

Reduced nutrient
concentrations at
points of use

Reduced sediment
concentrations

at points of use
(e.g., for drinking
water, hydropower)

Adequate base-flow
during low-flow seasons
at points of use

POTENTIAL BENEFITS
(current and future)

Decreased nutrient management and
associated treatment costs for utility

Decreased revenue losses for utility due to
disruptions of water supply

Fewer water supply disruptions for utility
customers

Decreased water supply costs for utility
customers

Decreased sediment management and
associated treatment costs, decreased
infrastructure costs (e.g., turbine/dam
replacement costs)

Decreased revenue losses for utility due to
disruptions of water supply

Fewer water supply disruptions and associated
costs for utility customers

Decreased water supply costs for utility
customers

Decreased alternative water supply costs for
utility and customers (e.g., bottled water,
storage tanks)

Decreased revenue losses for utility due to
supply disruptions

Fewer supply disruptions and associated costs
for municipal water supply users

Reduction in magnitude
and/or duration of peak
flows

Decrease in area affected by flooding (per
rainfall volume)

Avoided human, property, and infrastructure
losses due to flooding
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Monitoring ecosystem function

The attributes of ecosystem function that are commonly of most concern to Water Funds are water
quality (nutrients, bacteria, sediment), and water quantity (particularly low-flow conditions; some
Water Funds are also concerned with reducing the magnitude of peak flows through watershed
conservation activities).? Water quality is a concern because pollutant concentrations that exceed
safe processing thresholds can increase water treatment costs, cause disruption of water supplies,
and incur costs for additional infrastructure or remedial actions. Low base-flow conditions are of
concern because of the potential they pose for sporadic disruptions in water availability, permanent
gaps between supply and demand, and costs associated with disruptions and alternative water supplies.
Higher peak flows can increase risk to people, property and infrastructure from flooding. Water
quality and quantity concerns apply to municipal water and hydropower suppliers, utility customers,
agriculture and industry.

Ecosystem function monitoring documents the status and trends of parameters associated with
ecosystem services that are expected to respond to Water Fund activities. Although certain eco-
system functions, such as sediment and nutrient retention, cannot be directly monitored, they can
be indirectly tracked using proxy indicators. These parameters provide information that reflects

the assimilative capacity of the watershed, such as monitoring substrate embeddedness, suspended
solids, or turbidity to infer changes in sediment retention and transport. Parameters related to flows
can be directly monitored.

Ecosystem function monitoring can address a range of questions about changes in the environment.
Some of these questions focus on illustrating the overall effectiveness of Water Fund activities:

* What is the evidence that can be used to document the impacts of Water Fund activities on
ecosystem functions in the short term?

* Can we demonstrate in a defensible way that ecosystem function changes are due to Water
Fund activities?

Other types of questions focus on progress made towards achieving specific goals and objectives
for changes:

* What types and relative degrees of changes in ecosystem function result from a specific activity
(one that has been poorly documented elsewhere or is new)?

* To what extent has the 7-day low-flow average been increased over time, and how close is it to
closing the gap in supply/demand?

Additional questions related to ecosystem function focus on modeling estimated responses of the
ecosystem to specific types of activities:

* Are there sources of impacts that are not currently being addressed by Water Fund activities,
which need to be addressed to achieve objectives?

* What is the accuracy of attribute inputs and model outputs from RIOS or other spatial models
estimating the relative changes that will result from activities in the watershed?

* Is the suite of activities in a watershed being implemented broadly enough and in the right places
to result in the necessary types and relative degrees of change to ecosystem function?

3 For some Water Funds, groundwater recharge may also be a priority, but this is not covered in the current document because it is not a com-
mon concern for Water Funds.
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Flows

The most common concern regarding water

PARAMETERS FOR MONITORING FLOW

quantity in Water Funds is baseflow during Scale: Watershed, Micro-watershed

low-flow periods. A secondary concern in

some Water Funds is theﬂashiness (rapid, high Sample locations: Bottom/pour-point of watershed

peaks) caused by precipitation events. These Primary parameters:
two attributes of flow have been affected o Base-flow

because of alterations to the natural capacity of » 7-day low flow

watersheds to regulate flow. Land cover changes » 7-day low flow as percent of annual average flow

have resulted in water flowing more rapidly off

the surface of the watershed during precipitation 7 besldlons

events, rather than moving more slowly over the » rate of hydrograph rise or fall

surface and through sub-surface pathways and » annual one-day high flow

slowly returning to the stream. This not only » frequency of small floods

results in higher and shorter-term peak flows, » peak-flow events: magnitude and duration

causing increased erosion and flooding frequency, Other parameters to better assess and explain results:

but also decreases natural low-flow levels during . o L
. . . e Climate (precipitation, humidity, temperature)

dry seasons, which can lead to insufficient flows

. e Land use/land cover

for water provision. S .

Water extractions/inter-basin transfer

Flow is generally monitored at a “pour-point”

of a watershed such as at a pAramo stream outlet,

or at the bottom of a watershed where Water

Fund activities have been implemented. Flow volume rate is generally monitored using a constant

flow meter or pressure sensor (for larger streams and rivers) at a stable place where the stream

channel morphology has been measured and volume has been calculated by correlating water level

and flow, and the stream width and depth associated with them. Small concrete weirs and flow meters

can be installed in smaller streams. Fluid pressure sensors (piezometers) installed in protective

pipes are commonly used as stream flow gauges. Continuous data loggers are available for access by

remote computers through satellite transfer, or by plugging into the equipment on- site and down-

loading data that have been collected.

Hydrologic regimes reflect the results from a complete water balance, which is determined by water
inputs (precipitation, glacial melt, groundwater, and inter-basin transfer if applicable), and with-
drawals (water removed from the system through extraction or diversion). The larger the watershed,
the greater the potential for factors outside of Water Fund activities to influence flow regimes. In
addition to hydrologic regime monitoring, climate data (precipitation, humidity, and temperature)
should be collected in all cases where it is necessary to demonstrate changes due to Water Fund
activities. Changes in land use and land cover and water extractions (for human consumption,
manufacturing, livestock, green houses, etc.) should also be monitored over time as part of the total
calculation of water balance.

In order to detect the impact of Water Fund activities on base-flow conditions and the magni-
tude and duration of peak flows, flow should be monitored and compared through before /after
assessments, ideally as part of a control /impact design (BACI). The number of years necessary
for pre-impact and post-impact data will be dependent on the system’s natural variability and the
extent of changes resulting from Water Fund activities. Water Fund activities will generally affect
flow in a gradual way, so abrupt significant differences are not expected to occur, and long-term
trend data will be required. Illustrating significant differences in attributes of flow may require
decades of data collection.
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Water Quality

Monitoring water quality is a primary concern
of most Water Funds because of the potential
impact of sediments, nutrients, and bacteria

on services and benefits for municipal water
supplies, agriculture, and ranching, as well as
for direct human consumption and contact.
When considering water quality parameters,

it is necessary to distinguish between loadings
and concentrations. Loadings are the amount of
pollutants entering the system, while concentra-
tions are the amounts of pollutants within a
given volume of water. Models often estimate
changes in loadings, while monitoring typically
focuses on concentrations.

Nutrients:

Runoff from agricultural lands and cattle
pastures often carries nutrients, such as nitro-
gen and phosphorous, into nearby streams.
Nitrogen and phosphorous occur in several
forms in water as a result of ongoing chemical
transformation. Nitrogen is found as ammonia,

PARAMETERS FOR MONITORING WATER QUALITY

Scale: Site, micro-watershed, watershed

Sample locations: above and below sites, bottom/
pour-point of micro-watersheds or watershed
Primary parameters:

e Total nitrogen

* Total phosphorous

e Total suspended solids

e Total coliforms

Other parameters to consider:

* Orthophosphate or soluble reactive phosphorous
(SRP)

e Turbidity

* Escherichia coli, fecal streptococci, and/or
enterococci

e Sediments—total or specific fractions

Other parameters to better assess and explain results:

* Flow/volume (necessary to assess changes in
concentrations)

e Climate (precipitation, temperature)
nitrate and nitrite; total nitrogen is the sum of

these. Total phosphorous is the sum of soluble

reactive phosphorus (SRP), soluble unreac-

tive or soluble organic phosphorus (SUP), and

particulate phosphorus (PP). Orthophosphate is generally the major component of soluble reactive
phosphorous, and is found in abundance in fertilizer and municipal and livestock waste. It is taken
up readily by plants, including algae. At a minimum, most Water Funds should monitor total nitro-
gen and total phosphorous or orthophosphate (or SRP) concentrations in order to evaluate changes
due to activities working to reduce agricultural or livestock waste runoff, or to prevent cattle from
accessing streams. Monitoring external factors such as changes in fertilizer use, cattle densities, and
municipal waste discharges may be necessary to adequately explain results.

Because nutrient runoff is strongly influenced by precipitation events, and concentrations are
determined by water volume, time-matched water flow and volume data are necessary for accurate
analysis of water chemistry data. Sampling should be continuous, or take place across several seasons
with different flow patterns, and generally include storm events.

Monitoring can be conducted using continuous sampling devices that are permanently installed, and
regularly checked and serviced, with periodic data downloads performed. As an alternative to continu-
ous monitoring, samples can be taken at pre-determined intervals and (ideally) during rain events,
while using a hand-held flow meter. Together with cross-section measurements (discussed in the above
discussion on monitoring flow), these flow meter readings can be used to calculate flow volume and rate.

Chemical sampling and analysis should be conducted by a certified technicians and laboratories.
Contamination can easily occur during sampling, handling and analysis. Appropriate detection limits,
precision, and accuracy need to be defined based on the degree of change that must be detected.
Sampling and analysis should include appropriate field and laboratory blanks and duplicates.
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Sampling designs for ecosystem function monitoring

ABOVE/BELOW A SITE

Activity
@ samplinglocation

This monitoring design is used to evaluate in-stream changes in nutrients, bacteria and sediments due
to changes in runoff resulting from activities at a given site. If monitoring is conducted only after the
implementation of an activity, this is a control /impact design and has inherent weaknesses. If monitoring
includes before activity implementation data, this approach provides a before/after/control /impact
(BACI) design at the site-level when implemented appropriately, supporting strong inference.

When to use this approach:

* Monitoring above and below a site, preferably before and after an activity, establishes a link
between the activity being implemented and those in-stream parameters that respond directly
to local changes, such as nutrients, bacteria, and sediment. This approach can be used:

» to gauge the impacts of activities that are new or have not been adequately evaluated and
represented in the literature

» when there is low confidence in the attribute values being used in models

)

<~

to test the accuracy of models

)

N4

to collect information in the short term to provide evidence of changes occurring from
Water Fund activities

P

N4

to illustrate to local communities the results of the management practices they are
implementing
Assumptions:

* Any observed differences between the before and after data from upper and lower monitoring
stations are due solely to Water Fund activity at the site.
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MONITORING DOWNSTREAM OF A SITE

Activity

® samplinglocation

With this design, a site is monitored for stream chemistry at a downstream location, preferably
both before and after an activity is implemented. The before data are often referred to as “baseline”
conditions. If monitoring is conducted with no before data, it is an impact only design, and is the
weakest design. If before activity data are included, it becomes a before/after/impact design, which
also has inherent weaknesses. This approach should be avoided unless adequate controls are avail-
able, because without measurements taken upstream of the activity (“above” data), it is difficult to
attribute changes to the activity, since the monitoring is just tracking change over time, rather than
controlling for external factors that may have impacted water quality.

When to use this approach:

* This is a weak monitoring approach and, when possible, generally should be avoided or used in

conjunction with other monitoring information.

* This may be an acceptable approach under very restricted circumstances. For example, it may be
useful if the activity is intended to be effective for only a very short time. Even in these cases,
however, monitoring must be conducted under similar conditions (e.g., during a rain event) for
both before and after data. Also, be aware that natural variability may complicate interpretation
of the results.

e If the effects are expected to be clearly unequivocal after implementation and will remain over
time, which is often difficult to know in advance

Assumptions:

* All conditions upstream (including land use, runoff, and flow) remain the same over time and
therefore all changes are attributable to the activity.

Advantages:

* This approach requires only one monitoring station for monitoring in-stream chemistry.
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PAIRED WATERSHEDS

Activity

. Samplinglocation

This design requires a minimum of two watersheds and two periods of study. Watersheds can be
paired for control /impact analysis, where the control watershed starts off with the same character-
istics as the impact watershed, and the impact watershed is expected to diverge from the control

due to Water Fund activities. The two periods of study are referred to as calibration and treatment.
Calibration is very similar to “before,” but has stricter stipulations for enough “before” data to
confirm that the paired watersheds behave in similar ways prior to implementation of activities. The
control watershed serves as a check over year-to-year or seasonal climatic variations and receives no
changes in management practices during the study. During the calibration period, activities are not
conducted in either of the two watersheds. Since before data are used, this is a before/after/control/
impact (BACI) design and provides strong inference.

This approach is used to study water quality and quantity. Watersheds may be defined at any scale,
but are larger than what is commonly considered a site. This approach is often used when activities
encompass a small headwater watershed, and there is no opportunity for sampling above the site.

Paired watersheds should be selected with the following criteria in mind:

 Similar climate, geology, soils, physiography, and drainage to control for natural differences

* The types and scope of activities in the impact watershed should be expected to be sufficient to
make significant changes, well beyond the natural variation that exists within and among these
watersheds.

* Monitoring can be conducted at the same sites over time, and the local conditions of those sites
should not be expected to change in a way that would influence the monitoring data, beyond the
changes caused by Water Fund activities. Alternatively or additionally, external factors can be
monitored so that expected outcomes can be modeled.
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When to use this approach:

* When it is necessary to demonstrate that a watershed is benefiting from Water Fund activities

* When it necessary to know if the scope of activities is sufficient to make a significant difference
in water quality attributes

Advantages:

* Variations not associated with the treatment, such as climatic differences over years, are con-
trolled for statistically.

* The control watershed eliminates the need to rely on measuring and understanding all the
mechanisms generating the response. Be aware however that control watersheds account for
many but not all mechanisms generating the response; they allow narrowing of causes toward
activities generating change, but do not allow changes to be attributed solely to these activities.

* The water quality of runoff from the two watersheds need not be identical (though it should be
similar, within an order of magnitude, for target parameters).

Limitations:

* The variances in water quality data are not likely to be equal between time periods (calibration
and treatment), because the impact watershed is generally expected to change the variance of the
response data, as compared to baseline data and to the control.

* Shortened calibration periods may increase the likelihood of serially correlated data; this is the
case in most situations. This results in error terms from the calibration time period being carried
over to the treatment period, and limited ability to discern either differences from initial
conditions or causality of changes.

* The treatment effect may be gradual, or result in sudden changes after thresholds are exceeded;
therefore, comparisons may not clearly illustrate distinctions, or may show an uneven response
over time.

* The paired watershed experiment can be costly and time-consuming.

* Long-term changes in the soils or vegetation may occur in the control watershed due to activities
outside the realm of Water Funds. Natural catastrophes, such as fires, dust storms, hurricanes,
and insect infestations, may occur, which could have huge impacts on comparative power. (This
limitation applies to all watershed designs.)

* This approach does not provide the exact difference caused by the activities, since other factors
exist throughout the watersheds that are beyond the control of the Water Fund.

Common Statistical Approaches:

The primary statistical approach is regression analysis between the control and treatment watersheds
during both the calibration and treatment periods. Regressions evaluate changes in water quality
and quantity over time. These two regression relationships are then compared for identical slopes
and intercepts using analysis of covariance. Further investigations of regressions among a dependent
variable, such as a water quality parameter, and an independent variable, such as the total area of
activities, are used to understand dose/response relationships resulting from Water Fund activities.
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TWO WATERSHEDS

Activity

@ Samplinglocation

Two watersheds, one with an activity or set of activities and one without, have often been used
incorrectly to evaluate the effects of activities on water quality and flow. The two watersheds design
is not the same as the paired watershed design, because there is no calibration period for the two
watersheds design, and the two selected watersheds may not fulfill proper criteria for control and
impact watersheds —i.e., starting in the same conditions prior to activities. This approach is used

to compare changes in water quality and flow between two watersheds. Since this design does not
require before data, it has the same inherent weaknesses as other designs lacking before data. The
absence of a control contributes to the weakness of this design.

When to use this approach:

* When it is necessary to infer that trends are occurring over time as a result of Water Fund
activities and an appropriate control watershed cannot be identified and calibration period data
are not collected

* To illustrate differences in water quality and quantity between watersheds where activities are
being implemented and where they are not. Often, the situation is not clear-cut. Watersheds
commonly referred to as “controls” may not actually be controls, but watersheds where activities
are not being implemented that did not start with the same conditions as an impact watershed, or
they may have some but fewer activities being implemented in them. In these cases, the approach
does not represent a paired watershed design, but a two watersheds design.

e This approach is a weak design and is not recommended unless it is used for comparisons among
watersheds using long-term monitoring to look for convergence or divergence of impact and
non-impact watersheds (see below). One-time monitoring is not sufficient to make any state-
ments about differences between watersheds resulting from treatments. This situation is not
uncommon, but requires using additional monitoring information on climate and land use/cover
changes to strengthen assumptions drawn from results.
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Assumptions:

* Any differences are due to the causal factor being assessed. This is a difficult assumption to make
without “before” data to check whether watersheds are actually similar in their response variables
in terms of both mean values and variation, and is a weak assumption.

Advantages:

* Two watersheds with similar size, climate, geology, soils, and landform can sometimes

be selected.

Limitations:

* The differences between the two watersheds may be caused by Water Fund activities, inherent
differences in the watersheds, or an interaction between these two factors, and there is no way to
distinguish among these causal factors with this basic design.

Common Statistical Approaches:

Although a statistical examination of changes associated with two watersheds may not be appropriate,
comparisons of water quality and flow using a paired #test or nonparametric t-test of treatment
means could be used to analyze data. In some cases regressions between water quality and flow,
considering land use and climate variables, could also be compared, to understand the influence of
external factors on observed differences between the two watersheds.
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MULTIPLE WATERSHEDS

Activity
® samplinglocation

The multiple watersheds design can be used in several ways:

1. To make comparisons among multiple watersheds. For instance, a watershed with no
Water Fund activities that is degraded, a watershed with no activities, and a watershed
that represents a desired condition for the impact watershed to achieve in the future.

This approach requires similarities among watersheds to control for external factors, which
presents a significant challenge to properly using this design. For a watershed to be defined as a
control watershed, it needs to fulfill the criteria discussed in previous examples. If appropriate
control and reference watersheds are used, this is a control /reference/impact design, and can pro-
vide stronger inference than either a control /impact or reference/impact design. If before activity
data are included with adequate control and reference watersheds, this results in a before/after/
control /reference/impact design, providing the strongest inference of all these designs.

When to use this approach:

* Toillustrate that an impact watershed is diverging in characteristics from a watershed with no
treatment, and converging in characteristics towards a watershed that is in a more desired
future condition

*  Where long-term monitoring will be in place to observe trends over time

Assumptions:

e Differences are due to treatments alone.

Advantages:

* Distinctions among the control, impact, and reference (or desired condition) watersheds can be
evaluated at the same time.

A PRIMER FOR MONITORING WATER FUNDS 56 Global Freshwater Program, The Nature Conservancy, June 2013






MONITORING DOWNSTREAM OF A SINGLE WATERSHED

Acivit

® samplinglocation

With this design, response variables are measured at a downstream location, preferably before and
after the activity or group of activities are implemented. The before data are often referred to as
representing “baseline” or calibration conditions. If before data are not collected, this is simply an
impact design, and provides the weakest inference of causality. Including before data makes this a
before/after/impact design, which also has inherent weaknesses. This approach should be avoided.
as documented changes over time cannot be attributed to activities. Alternatively, as a way to make
the best use of this approach, climate and land use data can be used in regressions to establish rela-
tionships among water quality and flow patterns, in order to help explain observed changes. This
approach creates many constraints, and is most effective if using data from an existing monitoring
site with a long record of data collection. It can be used to monitor both water quality and flow.

When to use this approach:

* When trends in water quality and quantity have been monitored for a long time, there is a desire
to illustrate changes that may be linked to Water Fund activities, and scientific rigor is not
required

* This may be a useful approach under very restricted circumstances, for example, if the activity
is intended to be effective only for a very short time. Even in these cases, however, you must
monitor under similar conditions (e.g., during a rain event) for before and after data, and be
aware that natural variability may complicate interpretation of the results.

* When the effects will clearly be unequivocal after implementation and will remain over time,
which is often difficult to know in advance

Assumptions:

* Conditions (including climate and land use) remain the same over time or are explicitly
accounted for and therefore all other changes are attributable to the activity being implemented.
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Advantages:

* This approach requires only one station for monitoring in-stream chemistry.

Limitations:

Similar to monitoring only downstream of a site, the effects of activities cannot be separated from
other confounding effects. As It is typically difficult to control for other activities upstream of
the monitoring site, this approach will not be able to differentiate water quality changes resulting
from Water Fund activities as opposed to those due to other changes occurring upstream of these
activities. It is also difficult to control for changes that happen over time. For example, if the
“before implementation” period happens to coincide with a drought, and the “after implementation”

monitoring occurs during a high-water period, it will be difficult to differentiate the impacts of
drought and other climatic factors from changes due to Water Fund activities alone.

e Interpreting the data from a single watershed approach is more complex and can result in
inappropriate conclusions, requires a longer calibration period, and is less precise than a paired
watershed design.

* Data collected using the single watershed design is not transferable to other areas.

Statistical Approaches:

The difference in water quality potentially attributed to an activity is generally expressed as the
difference between the means for the two periods. A t-test is most often used for this type of
comparison; this provides a limited sample number and degree of freedom (1). Regression analysis

over time can be conducted as well.

© Anabela Garcia
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Monitoring ecosystem services and benefits

The provision of ecosystem services and benefits to downstream water users is typically the primary
rationale for investor participation in Water Funds. Reliable documentation of those services and
benefits is therefore essential to the financial and economic viability of Water Funds. In order to be
financially sustainable, (1) Water Funds must provide target services and benefits to downstream
investors at lower costs than alternative provision mechanisms, and (2) downstream benefits to
Water Fund investors must exceed the investment costs. Economically, a Water Fund is justified if
the total benefits to both investors and third parties exceed the total cost.

While careful attention should always be paid to the goals and benefits of all Fund participants and
investors, in practice the primary constraint on a Water Fund’s long-term viability is financial. Priority
monitoring should therefore include financial benefits to fund investors and contributors. However,
benefits to utility customers and other beneficiaries should also be monitored, as documenting these
benefits may increase the number of supporters (e.g., other potential investors, political support for
voter referenda) or their contributions, and thus ultimately affect the Water Fund’s long-term
financial viability.* These decisions should be made based on priorities of the Fund and data
availability.

For project design and evaluation in general and for monitoring in particular, it is important to
distinguish among: (1) ecosystem services, (2) the specific benefits those services support, and (3)
the economic value of those benefits.

Monitoring downstream benefits resulting from Water Fund activities must focus on two distinct
aspects: (1) quantification of the changes in ecosystem services that yield particular benefits, and

(2) quantification of the changes in the benefits (monetary and non-monetary) that result from

the changes in services. The latter should be considered a priority since it is the end result, while
changes in services are the mechanism for securing those benefits. It must be recognized that the
relationships among services and benefits may not be linear, so monitoring changes in services alone
may not provide adequate information to estimate benefits. A separate component of monitor-

ing benefits is the valuation of the changes in benefits. While necessary for assessing the overall
financial or economic performance of a Water Fund, valuation of the target benefits provided by the
Fund is not necessary for financial viability, as each Fund contributor presumably conducts—and
will evaluate the decision to participate on the basis of —their own cost-benefit analysis.

Examples of common downstream ecosystem service and benefit parameters are provided in Table
2. Parameters and monitoring approaches should be developed with experts during the design of the
Water Fund project in order to ensure that adequate information is made available and collected

for analysis and reporting. Monitoring information for evaluating ecosystem services and benefits

is commonly collected by utilities and other major water users and processors. Ideally, Water Fund
design negotiations will include agreements for access to these data in a manner that protects the
confidentiality of critical financial information and trade secrets.

4 Reducing the share of the benefits generated by the Water Fund that go uncompensated would allow the lowering of contribution rates for
existing supporters, thus increasing the latter’s net benefits from participation and strengthening the financial argument for the continuation—
and possible expansion—of activities.
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TABLE 2: Selected parameters for monitoring common ecosystem services and associated benefits.
Note that net services and benefits due to Water Fund activities must be interpreted in the context of
precipitation patterns and other factors (such as watershed land use changes) that may affect parameters.

ECOSYSTEM SERVICE

Reduced nutrient
concentrations below
management action
threshold at drinking
water points of use

Reduced sediment levels
below action threshold
at drinking water point
of use

Reduced sediment levels
in hydropower reservoir

SERVICE PARAMETERS BENEFIT PARAMETERS BENEFIT PARAMETERS

# hours (or days)/year of
disrupted water supply due
to exceedance of nutrient
thresholds

# hours (or days) of
disrupted water supply/year
due to exceedance of
sediment thresholds

Amount sediment reduced
(metric tons/year)

Reservoir capacity

Amount sediment reduced
(metric tons/year)

(non-monetary)

# hours (days) of water
supply shutdown/ year x #
of customers affected

Million cbm/year of water
supply delivery

# of hours (days) of water
supply shutdown/year x #
of customers affected

Million cbm/year of water
supply delivery

# metric tons/year of
sediment removal needed

Reservoir capacity due to
reduced sedimentation

# metric tons/year of
sediment removal needed

Electricity production over
extended lifetime of
reservoir (kWh/year)

(monetary; $/yr)

Revenue losses for utility
associated with supply
disruptions

Water treatment costs for
utility (operations &
maintenance)

Costs due to supply
disruptions for utility
customers (revenue loss,
defensive expenditures, future
infrastructure investment)

Future infrastructure
investment costs for utility

Revenue losses for utility
associated with supply
disruptions

Water treatment costs for
utility (operations &
maintenance)

Costs due to supply
disruptions for utility
customers (revenue loss or
defensive expenditures,
future infrastructure
investment)

Future infrastructure
investment costs for utility

Future dredging and
infrastructure investment
costs

Future infrastructure
investment costs for utility

Revenue losses for utility
associated with lower
lifetime power production

Revenue losses for
businesses associated with
power supply interruptions
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Increased base-flow
exceeding shutdown
thresholds during dry
season(s)

Reduction in magnitude/
duration of flood events

# hours/year water is
unavailable due to
insufficient flow

# instances/year when
municipal water supply is
disrupted due to flooding

# of instances/year flood
thresholds are exceeded

# of hours of shutdown per
year x # of customers
affected

# person-days of access
to water

Million cbm/year of
increased delivery

# shutdown instances/
year

# people/homes/
businesses/area of
croplands per year
impacted by flooding

Revenue losses for utility
associated with supply
disruptions

Defensive expenditures
(water tanks; bottled water)

Costs due to supply
disruptions for utility
customers (revenue losses,
defensive expenditures,
future infrastructure
investment)

Future infrastructure/
alternative water source
management investment
costs for utility

Revenue losses for utility
associated with supply
disruptions

Costs due to supply
disruptions for utility
customers (revenue losses,
defensive expenditures,
future infrastructure
investment)

Property/ infrastructure/
crop losses due to flooding

cbm = cubic board meters
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Quantifying services and benefits

The benefit and value of a given change in a service often differs across space: the effect of a given
reduction in sediment concentration may not be the same for similar users (e.g., municipal water
suppliers with different water intake locations or treatment technologies), and may vary among
different users (e.g., municipal water suppliers and agricultural producers).s Consequently, services
should be monitored at their respective points of use by each beneficiary (e.g., the water intake of a
municipal water supply, the irrigation intake of an agricultural producer).

To minimize monitoring costs for the Water Fund, downstream beneficiaries should be identified
that are already monitoring services over time. For example, municipal water suppliers or industrial
water users typically monitor water supply parameters of flow, quality, and sediment. And, because
they are the beneficiaries of the services, their reports on changes in service benefit values are essen-
tial contributions to accurately quantifying the effects of Water Fund activities. In cases where users
are not already monitoring these parameters, multiple users are operating in close proximity to each
other, or the differences the service provided are not significant among users, using a single location
to monitor the service for multiple users may be a reasonable approach. For instance, monitoring
sediment concentrations above the first water intake of a series of industrial or municipal water
users may be an option, provided that none of the users is itself producing water returns heavy in
suspended solids which would impact other users downstream.

Estimating the increase in benefits that result from changes in a particular service requires informa-
tion on benefit functions. A benefit function indicates how a change in service affects the associated
benefit. This is shown in Figure 2 using two different functions. Both functions have thresholds below
which changes in the service do not generate benefits. In the graph on the left, benefits increase
linearly with changes in the service after a certain threshold is exceeded. In the graph on the right,
benefits are zero up to the threshold, but once the threshold is exceeded, benefits immediately reach
their maximum.

s Different municipal water plants may employ different sediment removal technologies characterized by different cost functions. Even if they
employ identical technology. different plants may be operating at different sediment removal capacity utilization rates and thus may be affected
differently by a given reduction in sediment loads. For example, a plant faced with the need to expand removal capacity or with the opportunity
to shut off a sediment removal unit if sediment is reduced by a given amount is affected differently than a(n identical or different) plant for
which the same reduction would not lead to capacity or operational changes.

FIGURE 2: Examples of benefit functions for two benefits produced by sediment reduction

Water supply disruption
(due to excessive sediment load)
(millions of cubic board meters/yr)

Sediment removal needs (tons/yr)

Sediment load (g L") Sediment load (g L)
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Beneficiaries themselves generally will have the best knowledge of their benefit functions and thus
may be best positioned to estimate these benefits themselves or to assist in generating benefit func-
tions for models to be used by others. The specific benefits potentially obtained from a change in a
particular service are shown in non-monetized and monetized form, respectively, in columns three
and four on the right side of Table 2.

The non-monetized benefit estimates can be used to assess the cost-effectiveness (dollar per unit of
service gain) or non-monetized return on investment (ROI) expressed as the quantity of a particular
benefit generated per dollar invested of the Water Fund for particular downstream beneficiaries.
This ROI can then be compared to that of conventional (“gray” infrastructure) alternatives for
providing the respective service. Similarly, the overall cost-effectiveness or non-monetized ROT of
the Water Fund for a particular service can be assessed by dividing total costs by total gains in that
service (i.e., across all beneficiaries).

For example, analysis may estimate that a Water Fund reduces sediment concentrations at the municipal
water supply water intake by ten percent, reducing required sediment removal by 100 tons per year. If the
municipal water supplier invests $1 million per year in the Water Fund, then its ROI in the Fund is 100
tons of sediment per $1 million, which results in a cost of $10,000 per ton of sediment avoided per year.
This cost-effectiveness can be directly compared to, for example, the hypothetical $12,000 in annual-
ized costs of the additional filtration capacity that would have been required to achieve those 100 tons of
sediment removal.® Likewise, if overall investment in the Fund is $10 million per year and this reduces
sediment management needs for all investors combined by a total of 20,000 tons, then the Water Fund’s
overall cost-effectiveness for avoided sediment management would be $5,000 per ton of sediment per year.

It should be noted that such single-benefit cost-effectiveness or ROI metrics may underestimate the
competitiveness of the Water Fund with competing alternatives (in this case, the sediment filtration
plant) if the Water Fund provides more than one service. For example, if the Water Fund also provides
increased base-flow during critical low-flow periods, then some of the $1 million the water supplier
invests in the Fund should be assigned to that service when calculating the cost-effectiveness and ROI
for sediment removal /avoidance for the water supplier. In this example, the $1 million investment by
the water supplier thus would yield 100 tons of reduced sediment removal needs per year and, say, 1
million cubic board meters of avoided water delivery shortfalls per year, with associated costs of, say, $2
million for the latter. Clearly, calculating the cost-effectiveness of the two services separately ($10,000
per ton of sediment avoided and, say, $ 1/cubic meter of additional base- flow in dry period), and then
comparing these numbers to the individual cost-effectiveness of the two alternative “gray” infrastruc-
ture options would lead to misleading results, inaccurately representing the total cost-effectiveness of
avoided water supplier “gray” investments. However, it is not obvious what portion of the investment
should be assigned to each of the two benefits, since any apportionment would be arbitrary. This
problem is avoided if the benefits can be expressed in terms of their monetary values.

6 This example illustrates why it is important to include the future flows of services and benefits in the analysis. If sediment removal plant
capacity currently is adequate, reductions in sediment concentrations produce no benefit and no value for the water supplier in the current year.
However, let’s assume that increased development in the watershed would drive up sediment loads and would require installation and operation
of additional filtration capacity of, say, 500 tons of sediment per year in, say, ten years from now. If the activities carried out by the Fund reduce
this increase to 400 tons, they yield 100 tons of avoided sediment removal for the water supplier in year 10, and similar amounts in each year
after that. Avoiding those future sediment removal needs has current value, equivalent to the present value of the stream of avoided annual
future sediment management costs.
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Valuing service gains

The economic value of particular benefits brought about by the Water Fund can be estimated using
the parameters shown in column 4 of Table 2, as illustrated in Figure 3. This estimation requires
value functions that indicate how a change in a service (e.g., avoided sediment load) translates into
monetary benefits (avoided costs).

FIGURE 3: Examples of cost functions needed to value benefits

Sediment removal cost ($)
Lost revenue (shutdown due to
excessive sediment load) ($)

Sediment load (g L™) Sediment load (g L™)

In most cases, beneficiaries themselves will be best positioned to quantify the value of benefits
accruing to them, and indeed one would expect them to eventually conduct their own benefit-cost
analyses of their investments in the Water Fund. Monetary valuation of the benefits derived from
increases in services allows beneficiaries to estimate the total net benefit (total benefits from all
services the beneficiary receives, minus fund contributions) or the benefit-cost ratio (i.e., monetized
ROV, expressed as a unit-less ratio: dollars generated per dollar invested) of their investments in
the Fund. For example, in the case of the water supplier above, the avoided needed investment and
operating costs of $1 million per year for alternative removal capacity for 100 tons of sediment
and costs of $2 million for 1 million cubic board meters of water supply translate into $3 million
of annual benefits. Given the $1 million annual investment of the water supplier, the Water Fund
delivers $2 million in net benefits to the supplier per year and reflects a benefit-cost ratio or mon-
etized ROI of 3 for the supplier.

Information on the value of benefit gains across all beneficiaries combined with overall Fund costs
would allow the estimation of the overall net benefit and overall ROI of the Fund (i.e., across all
beneficiaries and services). This is essential information for developing a better overall understanding
of the business case, as well as the public or societal case for investments in Water Funds, and thus
beneficiaries should share these analyses with Water Fund research staff. Lack of quantitative
information on the economic performance of Water Funds is likely to depress investment in
watershed conservation and lead to missed opportunities in terms of both cost savings for private
and public companies and co-benefits for the public at large.

It is important to point out that the cost of monitoring all services and estimating all service gains
for all beneficiaries of a Water Fund is prohibitive in most cases. Rather, budget limits require
monitoring to be restricted to major beneficiaries. This will result in a low-end estimate of the
Water Fund’s overall benefits or ROI. Depending on the share of total benefits accounted for by
the beneficiaries included in the analysis, and the relative value of accounted- and unaccounted-for
benefits, this bias may be substantial.
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Chapter 11:

Impact Monitoring
for Habitats and
Biodiversity

Assessing conservation impacts

n addition to the inherent value of protecting

and restoring native ecosystems, the conserva-

tion and restoration of habitats and biodiversity
is a primary mechanism to support ecosystem
services. Because ecosystem services are often
derived directly from healthy ecosystems,

monitoring habitats and biodiversity can reveal

© Erika Nortemann

much about the condition of ecosystems and the
services we can expect them to provide.

Many Water Fund activities focus on protecting or restoring natural land cover, which in turn
provides sources of food and habitat for native animals. Restoration takes two different basic
approaches: unassisted —isolating areas from grazing, agriculture, or other disturbances and allowing
them to re-vegetate on their own; and assisted, in which areas are actively seeded or replanted.
These different approaches result in varying degrees and rates of native plant and animal restoration.
These activities can also increase the capacity of the ecosystem to regulate surface runoff of water,
sediment, nutrients and bacteria, which in turn impacts the condition of freshwater habitats and
biodiversity. In addition to terrestrial habitat and biodiversity benefits, protection and restoration
of riparian corridors can also provide direct benefits to freshwater habitats and biodiversity, by
stabilizing stream banks, shading waterways, and providing organic matter and woody material,
which are important sources of carbon inputs and habitat heterogeneity for freshwater systems.
Riparian areas also serve directly as habitat for aquatic biodiversity throughout the year, such as for
the adult stage of some aquatic invertebrates, and for fishes during high-flow periods.

Habitat monitoring provides data that directly link Water Fund activities to quantified biological
responses. These responses involve a lag-time, which is influenced by the types of activities and

the linkages between terrestrial and freshwater habitats and biodiversity. Most terrestrial habitat
and biological responses occur directly in managed areas, and can respond in relatively short time
periods: for example, recovery of soils and vegetation in an area that is isolated from cattle grazing.
Freshwater habitat and biological responses may occur downstream, as well as in areas proximal to
the managed site. In addition, the responses of freshwater habitats and biodiversity are affected by
all other areas upstream in the watershed, since all land uses can affect aquatic ecosystem processes.
Addressing these issues requires different sampling designs to track trends and test hypotheses.
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Habitat and biodiversity monitoring can PARAMETERS FOR MONITORING TERRESTRIAL
address questions such as: HABITATS & BIODIVERSITY

e What is the condition of terrestrial and Scales: Plot, Site, Watershed

freshwater ecosystems where Water Funds . :
L. Primary Parameters: Vegetation
are being implemented?

) ) Coverage: land cover classes, vegetation coverage
* How is terrestrial and freshwater ecosystem

integrity changing in response to Water Conditions within land cover classes
Fund activities? e Plant Structure

e Diversity and composition (level of taxonomic

Terrestrial monitoring resolution as determined by need and capacity)

* Relative abundance of taxonomic or physiognomic

In terms of terrestrial conservation, the
groups

response of principal interest to most Water ‘
p ] p p ) ) ) e Age/size structure
Funds is changes in vegetation. Terrestrial habi- i i
. . . * Indicator species presence/absence/abundance

tats are commonly described by their vegetation )
-, . Other Parameters to Consider:
composition and structure. Although vegetation

.. . . . ¢ Soil moisture
monitoring does not necessarily reflect diversity

of animal species, vegetation is a major compo- * Soil drainage/porosity characteristics

nent of biodiversity, and an indicator of habitat * Soil temperature

quality. Vegetation characteristics also influence * Soil horizon structure

evapotranspiration, infiltration, and runoff ¢ Soil organic matter content

rates, which are directly linked to the hydrologi- Diversity, Composition, Abundance, Presence/Absence
cal goals of Water Funds. Vegetative land cover of Indicator Species for:

is the primary variable in most computer models e Mammals

used by Water Funds to identify priority areas * Birds

for implementation and to generate expecta- o Amphibians

tions of changes to runoff patterns in response * Reptiles

to management activities. e Invertebrates

Some Water Funds may also be interested in Other parameters to better assess and explain results:

studying changes in soil attributes, such as soil * Elevation

temperature, moisture, and organic matter, to * Climate (precipitation, temperature)

explore the underlying mechanistic responses

of the terrestrial ecosystem to management

activities. The approaches to study these factors will vary by project, management activity, and
environment, and should be researched by project staff and partners if warranted based on project
goals. Monitoring biodiversity beyond plants should also be conducted if necessary, to track progress

towards a stated project goal, if resources allow.

Vegetation: Remote sensing

Since vegetation changes are a primary response to Water Fund activities, it is important to track
these changes throughout the project area. Remote sensing imagery can provide information on

all Water Fund sites as well as the rest of the watershed, and can be used in conjunction with on-
the-ground monitoring to understand changes not well understood or not detectable using remote
sensing data alone. Types of remote sensing data should be chosen with a clear understanding of
their inherent capabilities and limitations. Appropriate spatial resolution to answer the monitoring
questions is essential. As a rule of thumb, the area or width of the management activity should cover
at two pixels of the digital product used to monitor it. For example, tracking changes in riparian areas
that are 30m in width require resolution of at least 15m, if not finer. Coarser data may be acceptable
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for tracking changes in large land areas (and associated control or reference areas). Remote sensing

products such as Tkonos, Geoeye, or aerial photography should be considered for higher resolution

needs. See Tables 3 and 4 for an overview of several types of remote sensing data.

TABLE 3. Remote sensing sensors and common uses.

SENSOR

USE

MODIS NDVI/EVI

LandSat/Aster/
SPOT MS

SPOT PAN

IKONOS/Geokye

Large landscapes (basin, large forests, grasslands): measuring seasonal
variation, rapid deforestation, droughts, floods, overgrazing, fire, coarse
land cover.

Medium-sized landscapes (basin/watershed, smaller forests, large
rivers, wetlands, pastures/row crops, housing): baseline information
on vegetation structure, condition, spatial extent—providing land cover
and land use, and change information over time.

Small areas (reforestation, small rivers, housing): providing baseline
land use information data delineation. Collected infrequently (see
below).

Very small areas (reforestation implementation or monitoring, finding
small changes or disturbances in landscape): Providing fine land use
data. Collected infrequently due to cost, extent, use limitations and
data computing requirements.

TABLE 4. Remote sensing sensors, resolution, frequency of data updating, relative cost for data
acquisition, and common frequency of data use for Water Fund projects.

SENSOR

MODIS NDVI/EVI

LandSat

ASTER

SPOT MS

SPOT PAN

IKONOS/GeoEye

RESOLUTION UPDATE COST COMMON FREQUENCY

OF USE

MS 250m 16 day Free Coarse—high frequency
(daily)

MS 30m 14 day Free Moderate Resolution—
yearly

MS 15m, 30m 14 day Free Moderate Resolution—
yearly

MS 10m 2-3 days $$ Mod-High Resolution—

yearly or less

Pan 2.5m, 5m 2-3 days $$S High Resolution—
yearly or less

Pan~1Tm ~2 weeks $$%% V High Res—once or
5-10 year repeat
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Sampling designs for terrestrial monitoring

Terrestrial sites can generally be evaluated for the parameters discussed above with designs inde-
pendent of the treatment/control /reference watershed framework used for water quality and quantity
monitoring, as the changes being assessed are site- and plot-based, and therefore not generally
influenced by the broader watershed context, unless in direct contact with the water body, such as
riparian corridors and floodplains.

PLOT DESIGN

Experimental
Site

= Treatment Piot
= Control Piot

Impact and control plots within experimental sites are commonly used to evaluate changes to plant
and soil. Before/after data are recommended to strengthen assessment of differences due to treatment.
Different monitoring approaches can result in a control /impact or a before/after/control /impact

(BACI) design.

When to use this approach:
* When assessing changes in the characteristics of terrestrial vegetation or soil

e Ifwarranted, for calibrating model attributes or understanding mechanisms underlying
transitions of vegetation, animals, soils, etc. resulting from a specific activity

e Ifwarranted, to compare the conditions of impact plots to reference or control plots

Assumptions:

¢ All plots/sites have the same environments and receive the same treatments, except for control
plots (and reference plots if warranted for the assessment).
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MULTIPLE SITE DESIGN

A design using multiple sites as “treatments” can be used to evaluate changes in vegetation, soils,
and other habitat characteristics. Before/after data are recommended to strengthen assessment of
differences due to treatment. This design can also be used to only include control and impact sites,
or reference and impact sites, each having less strength of inference than a control /reference/impact
design. Different monitoring approaches can involve adding before data to these designs, resulting
in four different designs with different levels of strength of inference. Replicates of each type of site
are recommended to strengthen the inference power of the results.

When to use this approach:

* When assessing changes in the characteristics of vegetation and soils, due to management
activities

* Ifwarranted, for calibrating model attributes or understanding mechanisms underlying transi-
tions of vegetation, animals, soils, etc. resulting from a specific activity, to compare the conditions
of an impact site to a reference site

Assumptions:

e Allsites have the same environments and receive the same treatments, except for control sites
(and reference sites if warranted for the assessment).

Advantages:
e Sites for all “treatments” are replicated.

* Monitoring can be designed using existing patterns of treatments.
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In watersheds were terrestrial habitats have been significantly altered, excess sediment runoff
typically enters waterways. These sediments can become embedded in the stream substrate, filling
pools and runs and negatively impacting the habitat suitability of these areas for fish and inverte-
brates. Losses of riparian vegetation are particularly detrimental to stream habitats and biodiversity,
leading to less large woody material in streams, and resulting in changes to channel geomorphology
and reduction in habitat complexity. Vegetation loss in riparian corridors also decreases inputs of
other organic material, such as leaves and small woody material, which is an important energy input
for stream systems, and provides less stream shade, resulting in greater solar radiation in streams,
higher temperatures, lower dissolved oxygen, and increased algae growth. Water Fund activities are
expected to positively affect stream habitat by decreasing the runoff of sediment, increasing shade,
and providing inputs of woody material and other organic matter. Some best management practices,
such as excluding cattle from streams, also eliminate direct physical disturbance in streambeds.

Habitat changes will occur in timeframes associated with the lag-times of Water Fund project
impacts to processes that influence habitat characteristics. Flow dynamics affect the lag-time for
flushing sediment, and moving substrate and woody materials in stream channels. The degrees to
which these changes can be detected are influenced by upstream conditions and the natural flow
dynamics of the watershed. Changes in riparian condition and cover, stream bank erosion, stream
temperature, dissolved oxygen, organic debris, and the amount and size distribution of large woody
material will respond in accordance with the rate of riparian vegetation growth and canopy cover-
age. Riparian vegetation growth and canopy coverage can be fairly rapid depending on the climate
and vegetation types. Activities intended to abate sediment runoff generally have a shorter lag-time
than do those working to increase woody material inputs, but they can both be quite lengthy.

Stream temperature and dissolved oxygen are measured using hand-held probes. The time of moni-
toring will affect these parameters, as stream temperature increases and dissolved oxygen decreases
throughout the course of the day. These data can be collected coincident with other water quality
monitoring, and/or be included as part of a community-based monitoring effort. In some cases, it
will be desirable to collect dissolved oxygen and temperature data at the same time and sites that
stream biodiversity monitoring is conducted. See Chapter 10 for links to water quality monitoring
approaches designed for community volunteers.
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Sampling designs for stream habitats

ABOVE/PROXIMAL/BELOW

Activity

® sampleReach

This monitoring design is used to evaluate freshwater habitat changes due to an activity at a given
site. It is designed to be conducted both before and after the activity is implemented.

The differences in this design and the above/below design for water quality monitoring include:

* For the upstream sample reach to be a true control, its watershed must have the same type of land
use/cover as the activity site before implementation, and must remain in that land use/cover after
the activity is implemented.

* Proximal sampling is included, to monitor in-stream and riparian habitat changes directly linked
to adjacent Water Fund activities.

* Depending on the types and downstream extent of Water Fund impacts on habitat quality,
downstream monitoring may or may not detect changes. Additional downstream reaches may
need to be added to monitor the extent of changes downstream resulting from a site-based
activity, if that is of interest.

When to use this approach:

* This approach allows assessment of links between an activity and those in-stream habitat
parameters that respond directly to local changes in sediment loading and vegetation growth.

Assumptions:

* Any changes seen/measured are due to activities at the site.
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Chapter 12: Impact Monitoring for
Communities

Assessing impacts on human well-being

n focusing on water-related services important to human well-being, Water Funds inherently have

joint social and ecological goals (Goldman-Benner et al., 2012). Beyond socioeconomic goals for

improved downstream water supply, Water Funds may also have explicit primary or secondary objectives
to improve livelihoods and contribute to poverty alleviation and human well-being in participating
communities. These goals are often set in the context of payment or compensation for ecosystem (PES
or CES) programs, which compensate landowners to manage their land in ways deemed to maintain or
enhance targeted ecosystem services. Accordingly, in line with Water Fund goals, monitoring of impacts
on communities and individuals is a critical component of evaluating outcomes.

Environmental goals echo wider debates surrounding the most effective way to link conservation
and development objectives (Roe, Yassin Mohammed, Porras, & Giuliani, 2012). While the
prioritization of social outcomes of PES varies, there is widespread interest in understanding the
socioeconomic impacts of PES, both positive and negative (Landell-Mills & Porras, 2002; Miranda,
Porras, & Moreno, 2003; Stefano Pagiola, Arcenas, & Platais, 2005; Wunder, 2008). This relates
both to concerns over the equity of PES/CES, as well as to increased recognition that support for
conservation and ecosystem services programs are unlikely to gain support without demonstrating
the value of these programs to human welfare (Gockel & Gray, 2009; Luck, Chan, & Fay, 2009).

Although empirical research on PES/CES participation remains limited (Brockington, 2011), a
number of studies have begun to evaluate and analyze PES/CES effects on poverty and human well-
being, including analysis of PES participation patterns and human well-being outcomes (Kosoy,
Martinez-Tuna, Muradian, & Martinez-Alier, 2007; Miranda et al., 2003; Wunder, 2005; Zbinden
& Lee, 2005).

According to Wunder (2008), the potential of PES/CES to contribute to poverty alleviation
depends upon 1) whether poor smallholders and communities participate in PES/CES, 2) how
participation in PES affects participants’ livelihoods, and 3) the effect of PES/CES on poor non-
participants. While a Water Fund’s social goals may be broader than poverty alleviation, this
framework provides a way to understand upstream socioeconomic impacts of PES/CES.

In the context of Water Funds, the first component, “equity in access,” or the extent to which
programs will include the poor, depends of whether areas with high potential for ecosystem services
production and high levels of poverty coincide and whether the poor have the ability and desire to
participate (Brown & Corbera, 2003; Engel, Pagiola, & Wunder, 2008; Wunder, 2005). Outcomes
of previous studies evaluating PES participation patterns range from those noting substantial
participation among poor smallholders (Munoz-Pina, Guevara, Torres, & Brana, 2008; S Pagiola,
Rios, & Arcenas, 2008; Wunder & Alban, 2008) to those finding that PES programs tend to

favor wealthier larger landowners (Grieg-Gran, Porras, & Wunder, 2005; Kollmair & Rasul, 2010;
Zbinden & Lee, 2005). Factors identified as important in influencing landowner ability to partici-
pate in PES include land tenure (Landell-Mills & Porras, 2002; Wunder, Engel, & Pagiola, 2008),
the extent to which spatial targeting of ecosystem services overlaps with areas high in poverty (Luck
etal., 2009); and access to social, financial, and human capital necessary to complete program
requirements (Stefano Pagiola et al., 2005; Zbinden & Lee, 2005).
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In turn, important factors related to landowner desire to participate in PES/CES include how
conservation opportunity costs compare to incentive payments, perceived effects of participation
on land and food security (Grieg-Gran et al.,, 2005; Miranda et al., 2003; Wunder etal., 2008;
Zbinden & Lee, 2005), environmental attitudes (Muradian & Rival, 2012), and trust in govern-
ment and NGO conservation and development programs. Where equity in access and /or poverty
alleviation is a primary goal of Water Funds, it will be important to identify factors facilitating
and constraining participation in order to improve access among upstream poor communities and
smallholders.

Another key component of upstream socioeconomic impacts of Water Funds via PES/CES depends
upon the extent to which the well-being of program participants changes as a result of program
participation (Grieg-Gran et al.,, 2005; Landell-Mills & Porras, 2002; Miranda et al., 2003).
Human well-being has been measured in a variety of ways through different methodologies, but
there is general consensus that measurements of human well-being should include the domains of
health, education, social cohesion, safety and security, and material living standards (Smith et al.,
2012). These factors have similarly been evaluated in the context of PES/CES in multiple forms of
capital beyond financial, including natural capital (shifts in land use or management that affect
biodiversity and ecosystem goods and services), human capital (health and basic services, access to
education and training), and social capital (land tenure, social organization, community institutions
and associations, kinship ties) (Grieg-Gran et al., 2005; Zbinden & Lee, 2005).

Water Fund-related PES/CES can affect financial capital or material living standards through
incentive payments or through land use or management change related to participation. Some
researchers have pointed to the risk of a “PES trap” if incentive payments or compensation are lower
than actual or potential earnings from productive land uses(Grieg-Gran et al., 2005). However,
others argue that PES can be an important means of income diversification and are often more
stable than existing or potential income sources, regardless of whether they strictly match opportunity
costs (Grieg-Gran et al., 2005; Kollmair & Rasul, 2010; Wunder et al., 2008).

Researchers have noted both positive and negative impacts of PES on non-financial capital, including,
for example, impacts on land tenure, social organization, and natural capital (Grieg-Gran et al.
2005; Miranda et al. 2003). Southgate and Wunder (2007) reported that impoverished families
increased household income by up to 10% through engaging in the National Program for
Hydrologic-Environmental Services in Mexico, whereas Ruiz-De-Ona-Plaza et al. (2011) found
that there was no change in the economic status of Mayan households receiving PES for carbon
sequestration in Chiapas. Wunder (2005, citing Mufioz 2004) reported on a PES scheme in Costa
Rica’s Osa Peninsula that raised half of the participants above the poverty line, and noted that PES
became the primary source of income for 44% or those enrolled.

The opportunity costs for landowners receiving PES/CES are sometimes difficult to quantify, and
in some cases may outweigh the value of payments or other compensation (Grieg-Gran et al. 2005;
Pagiola et al. 2005). Some studies have found that when landowners remove land from agricultural
production or protect it from development, they have been fully compensated for the opportunity
cost (Postel et al. 2005), whereas in other cases the opportunity cost associated with crop or animal
production has been much higher than the amount paid for ecosystem services (Kosoy et al. 2006;
Corberaetal. 2006). For example, Corbera et al. (2006) estimate the opportunity cost for crop
production in the San Pedro del Norte, Nicaragua, at US$126/ha/year, compared to PES received by
participants of only $26/ha/year. However, when the PES is lower than the opportunity cost, these
programs may still be attractive to landowners because payments are predictable and do not fluctuate
with weather extremes and market conditions, as agricultural income does (Pagiola et al. 2008).
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It should be noted that sustainable farming can bring about economic and social benefits even in
the absence of PES/CES, and these benefits may not always be adequately quantified in calculating
the overall balance between PES/CES benefits and opportunity costs. Researchers have identified
multiple types of economic benefits for farmers engaged in various agroecological practices, such as
increased crop yields (Altieri 2002; Ayarza et al. 2010; Pretty et al., 2003), increased rates of weight
gain in cattle on silvopastoral land (Nair et al. 2011), reduced susceptibility of crops to drought or
hurricane (Ayarza et al. 2010; Rosset et al., 2011), increased food security (Altieri 2002; Ayarza et
al. 2010), and increased land value (Ayarza et al. 2010).

PES/CES programs can also create social capital as the decision-making processes connect stakeholders
and require strong community relationships (Pagiola et al. 2005). The social benefits of adopting
agroecological practices in Latin America have ranged from increased community organization and
political power (especially in the CAC movement), increased employment opportunities, and shifts
in gender roles where women lead more aspects of the farming operation (Rosset et al. 2011).

Monitoring Impacts in Communities

Water Funds should monitor the costs and benefits of participation in Water Fund programs, in order
to assure that Fund activities are having positive impacts on human well-being, and that benefits are
distributed equitably within and among local communities and individuals. Monitoring the human
well-being impacts of Water Funds is also key to ensuring the long-term sustainability of these
funds, as these programs are unlikely to be successful without support from local stakeholders.
Potential human well-being benefits include higher living standards from conservation payments
and non-monetary incentives, health benefits from cleaner water, increased environmental quality,
and improvement in natural capital associated with Water Fund activities. There may also be cases
where incentives, payments, and /or Water Fund activities have negative impacts for some stakeholders,
which are equally important to monitor.

In addition, monitoring human well-being impacts can provide Water Fund managers with feed-
back on the relative value of their investments, including both the benefits accrued by participating
communities and the level of involvement and support that has been engendered for Water Fund
activities. This information will allow for a more equitable allocation of Water Fund resources, as
managers adjust priorities and approaches in response to on-the-ground results.

When assessing the impact of a Water Fund, several key questions are worth exploring, concerning
three general areas of concern: 1) impacts on human well-being of participating and non-participat-
ing communities and individuals; 2) equity in outcome; and 3) equity in access.

Area 1: Human Well-being

Water Funds can affect the well-being of participants and non-participants in three primary ways: 1)
impacts related to Water Fund-related changes in land use and management; 2) impacts of Water Fund
payments or incentives; and 3) changes in ecosystem services associated with Water Fund activities.

Addressing questions concerning human well-being related to payments or compensation incentives
involves an analysis of financial impacts as well as effects on non-financial capital including human,
natural, social, and physical capital. Because Water Funds may require that participants remove
cattle and crops (or avoid further intensification) from some areas, and /or implement other best
management practices, there can be a loss of income associated with program participation. In addi-
tion, nonparticipants may suffer reduced access to grazing or other productive lands with increased
regulation of de facto commons. Such losses should be evaluated in the context of how incentive pay-
ments, compensation, or sustainable development projects offset these losses. Although Water Fund
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TABLE 5. Definitions and parameters for assessing human well-being.

HUMAN WELL-BEING DEFINITION

FOCAL AREAS

Material living

Life's physical

POSSIBLE PARAMETERS

Income

standards circumstances; ¢ Living conditions (locally defined metrics)
accessible goods and e Consumption
services and economic | ® Access to ecosystem goods (fodder, timber, clean water)
resources ¢ Perception of living standards
¢ Distribution of wealth
e Health of cattle (related to ecological monitoring impacts)
Health Health outcome ¢ Life expectancy and mortality
measures of human ¢ Lifestyle and behavior
well-being including ¢ Food security (related to WF activities; e.g. organic gardens)
life expectancy and e Access to clean water (link to ecological monitoring)
mental and physical ¢ Access to sanitation
health e Access to health clinics and social services
¢ Human health impacts of changes in other ecosystem services
(e.g. clean air) related to Water Fund activities
e Access to green space and nature (mental and physical health
implications)
Education Formal and informal ¢ School attendance by gender and highest level of education

transfer of knowledge
and skills

Informal and formal workshops and training opportunities
associated with Water Fund activities or compensation.
Incorporation/valuation of local knowledge

Personal activities Time use * Hours of work versus hours of leisure
including work ¢ Time spent on formal versus informal work

e Changes in the average time women spend on informal work
Political voice and Influence of ¢ Perceived ability to influence local leadership environment

governance

local leadership
environment

Disputes in community and local conflict resolution mechanisms
Frequency and quality of community meetings and work groups

Social connections
and networks

Social cohesion; social
capital

Indicators of social trust, social isolation, informal support, work,
community, and religious engagement
Number of and frequency of interaction in social associations

Environmental
conditions

Quality of
environment;
related to human
health, cultural and
spiritual fulfillment,
and material living
standards

Access and consumption of ecosystem goods and services
Human well-being metrics associated with environmental
conditions and services

Insecurity

Freedom from harm
and economic security

Perceived environmental and personal security

Spiritual and cultural
fulfillment

Opportunities to fulfill
spiritual and cultural
needs

Religious or festival attendance

Programs promoting local cultural and language

Cultural services obtained from landscapes targeted by WF
activities

Life satisfaction and
happiness

Contentment with life

Self-reported happiness and well-being
Relate to changes in ecosystem services and activities associated
with WF
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activities begin to identify what aspects of project activities are working and what are not. In the
later years of a Water Funds, these can be held less frequently. As with any form of qualitative data
collection, it is important for researchers/facilitators to establish trust with the participants, and
critical to examine one’s own “positionality” as a researcher and how it affects the collection and
interpretation of data.

Design 2: Difference in differences (DID), mixed qualitative and
quantitative methods

When Water Fund activities 1) restrict access to natural resources, 2) displace people, or 3) pilot a
new upstream approach, a difference in differences (DID) design, which combines qualitative and
quantitative methods, is recommended to measure changes in the well-being of participants. This
approach uses key informant interviews to design the protocols for focus group discussion, and

the results of the focus group discussion to inform the design of a quantitative survey. The DID
approach, a social science before-after, control-impact (BACI) design, analyzes differences between
before and after and between control and impact groups. The pre-existing differences between con-
trol and impact groups are subtracted from the post-treatment differences to provide a projection of
what would have happened in the absence of Water Fund activities (the “business as usual” scenario).
This “counterfactual” data is then subtracted from the before-after differences for the impact group
for the difference in differences result. Establishing control and impact baselines is critical for this
approach. If there are no baseline data, this impact assessment approach is not possible.

A key challenge for the DID design is to identify a control group which can be compared with the
impact (participant) group in terms of changes in well-being over time. Data from the control
group is intended to reflect what conditions would have been for the impact group but for the influ-
ence of Water Fund activities. Control and impact groups should be similar as possible to each other
prior to Water Fund activities in terms of material living standards, health, education, social cohe-
sion, environmental quality, and security, and should be subject to similar socioeconomic, political,
environmental, demographic, and cultural factors for the duration of the Water Fund program, with
the exception of Water Fund activities. Matching of control and impact groups should be done first
at the broad scale and then at the fine scale.

Although the DID design is recommended in Water Funds with the potential for significant human
well-being impacts, resource constraints may preclude an expensive survey. In these cases, a qualita-
tive KAP assessment (as described above) using key informant interviews and focus groups can
provide anecdotal information on how and why Water Funds are impacting people. Without quan-
titative surveys, statistical comparisons cannot be made to indicate how extensive these impacts

are, but results of qualitative studies nonetheless provide valuable input to Water Fund managers
regarding perceived impacts and potential adaptations.

Previous research on human well-being and Water Funds suggests important caveats for evaluating
impacts. First, it may be challenging to identify control groups that are similar to impact groups.
Second, there can be a self-selection bias among participants in Water Funds. Third, it may be
difficult to control for confounding factors or a “noisy” socioeconomic context, hence hindering our
ability to isolate changes in human well-being due solely to Water Fund activities. Finally, issues of
survey fatigue, confirmation bias, and a lack of trust of researchers by communities may compromise
the validity of survey or interview results.

Following the same individuals in both control and impact groups over time (panel data) can help to
overcome some of these limitations. Panel data involves gathering data on human well-being indica-
tors for participating and non-participating individuals over time. Panel data reduces the importance
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Example Questions:

* Who is participating in Water Fund (payment/compensation for ecosystem services; PES/CES)
activities?

* Is participation in Water fund PES/CES programs both accessible and desirable to poor people
and communities?

Sampling Design: Equity in Access

Water Funds often favor large landholders because the return on investment is higher and the trans-
action costs lower than working with small landholders. Yet if only large landholders participate in a
Water Fund, local support for the Water Fund outside the small group of beneficiaries may be lack-
ing. Without widespread upstream support for a Water Fund, water quality and quantity goals may
be undermined by a few actors who oppose the Water Fund. If Water Fund benefits are accessible to
a wide group, the ability to reach a critical mass of participation and support is more likely.

Water Funds should, first, decide the scale at which equity in access is important. For example, it
may be important that Water Fund activities are accessible and desirable to a wide range of indi-
viduals within the watersheds targeted by the Water Fund.

Equity in access questions will primarily be addressed by analyzing baseline socioeconomic,
demographic, political, cultural, and environmental characteristics of participants versus non-
participants. Potential factors such as income, livelihood source, farm and family size, land tenure,
slope, etc., can be obtained either through secondary sources (e.g., census data) or through quantita-
tive surveys and qualitative interviews. Depending on the scale of interest described above, a control
group should be selected. However, unlike equity in human well-being impacts (discussed above),
the control group should not be chosen to match the participant group in socioeconomic, demo-
graphic, environmental, and political factors. Rather, the control group should be randomly selected
based on the area/scale of interest. Where the area of interest is small, nearest neighbors may be suf-
ficient to choose a control group. In essence, the idea is to understand how participants compare to
non-participants of interest, which depends on the scale at which the Water Fund chooses to focus.

Mixed qualitative and quantitative methods are an effective approach to answer equity in access
questions with similar sample sizes as suggested above for human well-being questions. However,
unlike human well-being impacts, equity in access studies do not require monitoring over time, but
rather a comparison of baseline data, plus qualitative and quantitative questions targeted at participants
and non-participants that seek to understand landowners’ reasons for participating or not participating.
While some factors facilitating participation may be illuminated through quantitative methods (e.g.,
time on farm, family size, farm size, etc.) some reasons for participating or not participating may be
better understood through open-ended questions which encourage individuals to explain, in their own
words, the factors constraining or facilitating their ability or desire to participate.

Where the upstream impacts of Water Fund activities are considered limited in size or influence, an
alternative approach involves qualitative interviews only, combining focus groups and key informant
interviews for both participants and non-participants.
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