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ABSTRACT 

The quality of river recreation opportunities is dependent upon instream flows, but 
research exploring this relationship has been limited. Increasing concern over the 
impacts from out-of-stream water uses has led to interest in more rigorous efforts. 
The handbook provides a "road map" to the ideas and methods that are the basis of 
effective studies. The handbook presents a conceptual framework; a study process; 
approaches used to study the effect of flows on resource conditions; and approaches 
used to evaluate flows or conditions. Methods for evaluating flows is the central 
focus; advantages, disadvantages, and keys to the successful use of several methods 
are discussed. Several methods only provide preliminary assessments, while others 
such as survey-based methods or predictive modeling methods provide more 
comprehensive and defensible information. Examples of relationships between flow 
and important recreation attributes are also provided, including those for boatability, 
Whitewater, rate of float travel, fishability, swimmability, and aesthetics. Other 
chapters discuss ways to explore trade-offs among the flow needs for different 
recreation opportunities and flow protection issues and strategies. Appendices contain 
example survey questions as well as a list of requirements for future studies. 

Key words: recreation quality, instream flow, river management, water allocation, 
social science methods, experience definition. 

The views presented in this handbook may not necessarily represent any policy or position of 
the National Park Service or the Department of Interior. The use of trade names in this 
publication does not constitute an official endorsement or approval by the U.S. Department of 
Interior or the National Park Service. 



PREFACE 

"Boat dragging" on Alaska's Middle Fork of the Gulkana 
River at low flows. 

Our job was supposed to be simple: Run the river, measure the flows, and estimate how much 
flow would be needed to maintain the river's recreation experiences. But which flows, and which 
experiences? We were four days into a seven day trip on Alaska's Gulkana River, and already we had 
encountered — endured in some cases — a full range of both. 

Starting out in two overladen rafts and 
a snap-together vinyl canoe on a bright 
afternoon, we had learned it was possible to 
float down the narrow but relatively deep 
headwaters on a measured 26 cfs, while 
even three times that flow didn't allow us -
or the spawning king salmon — passage 
through the riffles that appeared 
downstream as the channel widened. 
Making little progress pulling our rafts over 
the bars, we cheered the light rain that 
began to fall on our second day, a rain that 
turned into a full scale downpour by that 
afternoon. Unfortunately, the added flow 
did little to help our situation: the river had 
picked up gradient and now presented a 
boulder-choked channel. The river was 
running close to 300 cfs and had plenty of depth - just enough to fill your hip waders — but only the 
canoe was managing to find a clear route through. By the time we hit the upper river's only rapid, a 
short zig-zag gorge, the river was roaring but still couldn't provide a navigable run. We ended up 
lining the rapid. 

The rain didn't stop that day, nor for two more, and the river reached its bankfull stage sometime 
after we had slogged through 35 miles of meandering flat water but before we got to the usually 

manageable Canyon Rapids, a quarter-mile Class III-IV run. 
We had almost been flooded out of one camp, and watched 
in dismay as cutbank after cutbank sloughed off into the 
river, turning the once clear green water into a muddy soup 
that killed the fabled salmon and grayling fishing — at least 
for us. In the long run, of course, the erosion and the soon-
to-come deposition were simply part of the dynamic system 
that nurtures good fish runs, not to mention creating 
expansive camping beaches for which the river is also 
known. But as we scouted the suddenly challenging 
Whitewater of the Canyon, looking for a safe route around a 
huge hole at the end of the run — and not even thinking 
about trying to measure the raging flows — we began to 
fully understand the potential complexity of the instream 
flow issue. 

Conceptually simple, determining flow needs for 
recreation can often be practically challenging. The 
complexity begins with measuring flows, but extends very 
quickly to the relationship between different flows and the 
conditions that create a high quality trip. As an early study 
of its kind, we could have predicted the Gulkana would 
have much to teach us. But in the five years and dozen or 
so studies we have collectively worked on since, there is still 
much to learn. Running the upper part of the Gulkana's 

Canyon Rapids at higher flows. 



In this handbook, we try to summarize 
some of the things we have discovered 
through our work. Not meant to be the final 
word on a field which is developing rapidly, 
our goal is to help establish a framework for 
bringing the field into maturity. Rows are a 
major ingredient in the river recreation recipe, 
but important as they are, it is surprising how 
little we know about them. In a world where 
no resource can be taken for granted, the 
recreation industry, planners, and the public 
are going to have to become much smarter 
about instream flows and the values that 
depend on them. There are many competing 
uses for the water in our rivers and policy 
makers are allocating and will continue to 
allocate water from them. Good allocation 
decisions — decisions that include 
consideration of all the impacts — will only be 
made with better information about those 
impacts. With this book, we hope to outline 
the steps toward providing that information for 
recreation. 

We have many to thank for their help 
with this book. Institutional and research 
support for the handbook itself was provided 

by the College of Forestry at Oregon State 
University and the National Park Service's 
Rivers and Trails Conservation Program, while 
the studies upon which the book is based were 
also supported by the Bureau of Reclamation, 
the Bureau of Land Management, the National 
Park Service, the U.S Forest Service, the U.S 
Fish and Wildlife Service, the State of Alaska 
Department of Natural Resources, and the 
State of Alaska Department of Fish and Game. 
The handbook benefited from reviews of 
researchers, resource managers, and agency 
policy-makers, including Bern Collins, Thomas 
Brown, Bruce DiGennaro, Christopher Estes, 
Dan Haas, Tracy Miller, Jack Mosby, Dan 
Muller, Drew Parkin, Peter Skinner, Angie 
Tornes, and Owen Williams. Finally, 
numerous ideas in the handbook came from 
discussions with our colleagues on various 
instream flow studies. Co-researchers included 
Stan Carrick, Dave Ellerbroeck, Mary Lu Harle, 
Ron Huntsinger, Lon Kelly, Jon Kostoryhs, 
Larry McDonnell, Tony Martinez, Dennis 
Murphy, Don Prichard, Bunny Sterin, Jonathan 
Taylor, Steve Vandas, and Bruce Van Haveren. 
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Chapter 1 
INTRODUCTION 

There are a number of important elements common to any quality river recreation trip. High 
on almost any list are scenery, a natural or natural-appearing environment, fish and wildlife. 
Depending on the river, the availability of good campsites, picnicking areas, or Whitewater may also 
be important, as could the availability of solitude, quality fishing or hiking. In making such a list, a 
sufficient amount of water in the river - the river's instream flow — may not immediately come to 
mind. Too obvious perhaps, instream flows are critical to almost every other element on the list. 
Flows carve the scenery, nourish the environment and its fish and wildlife, create many of the best 
campsites, and generate the Whitewater. Flows also dictate whether boaters can get up or down the 
river — or how much fun they'll have trying to do so — and whether people will want to swim or fish 
in it. 

As important as instream flows may be for providing high quality recreation experiences, 
resource managers and researchers have spent relatively little energy studying them for that purpose. 
Faced with the loss of flows to out-of-stream uses such as hydropower and agriculture, the 
conservation community has long recognized a need to protect or maintain river flows. The bulk of 
this concern, however, has been focused on flows to keep the fish alive; and most instream flow 
research has been written by fish biologists. In recent years, people have begun to think more 
broadly. Flows have effects on any number of river values, recreational and otherwise, and policy 
makers are required to factor them into their water allocation decisions. The task at hand is to 
provide decision-makers with better information about flows and their effects on the full range of 
resource values. 

The coming decade will bring increasing opportunities to maintain or obtain instream flows 
for recreation and other values. Both federal and state land managing agencies have shown 
heightened interest in using existing law and regulatory capability to secure instream water rights on 
designated rivers (Wild and Scenic rivers, State Scenic rivers, and so forth). At the Corps of Engineers 
and the Bureau of Reclamation, there has been a shift in policy focus from traditional flood control or 
irrigation to providing multiple benefits from water development projects, including downstream 
recreation needs. And at the Federal Energy Regulatory Commission (FERC), the agency responsible 
for reviewing more than 200 privately-operated hydroelectric projects under its re-licensing process, 
amendments to federal law have instructed regulators to give "equal consideration" to recreation and 
conservation by looking for ways to avoid, minimize, or mitigate adverse impacts. 

To take advantage of these opportuni­
ties, recreation interests will need to develop 
better information about recreation flow needs, 
or the consequences of not meeting those 
needs. Increasing awareness of the full range 
of values that flows can provide has guaranteed 
that recreation values will be considered during 
water allocation negotiations. But this doesn't 
necessarily mean those values will be sustained. 
Out-of-stream water users know and can amply 
demonstrate what water they need. In order to 
successfully compete, instream water users 
must learn and show the same — just as the 
fishery interests, to their credit, have been 
doing for the past couple of decades. Now is 
simply the time for recreation interests to 
develop similar knowledge and skills. 
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Figure 1. Hows play a critical role in creating and 
sustaining features of the river environment, including 
camping beaches on Oregon's Rogue River. 



HANDBOOK GOALS 

This handbook is designed to address 
the need for more systematic, rigorous, and 
defensible information about instream flow 
needs for recreation. Recognizing that such a 
document cannot provide all the knowledge and 
skills needed to develop and integrate 
information from fields as diverse as hydrology, 
geomorphology, planning, and social 
psychology, the handbook is not intended to be 
a comprehensive guide for conducting flow-
recreation studies. Instead, the handbook is 
conceived as a "road map" to the ideas and 
methods that are the basis of effective studies. 
Following this analogy, the handbook is viewed 
as a compact tool for locating important ideas 
and suggesting how those ideas fit together in 
the research landscape, much in the way a road 
map can help a visitor identify important points 
of interest and suggest a route for exploring 
them. 

The handbook's primary goal is to give 
researchers and the reviewers of research a 
common understanding of the issues involved in 
this kind of work. As opportunities to protect or 
maintain flows become apparent, interest 
groups, researchers, and resource managers will 
all need to participate in the development, 
execution, and review of flow-recreation studies. 
The more these groups can speak a common 
language, the better those studies will be. 

Just as importantly, a common set of 
research principles can keep researchers from 
reinventing the wheel with each new study. 
Most studies to date have focused on a 
particular river and been based on the work of a 
very few people and ideas. At the first national 
workshops on the subject (in Corvallis, Oregon 
in 1990, and Williamsburg, Virginia in 1991), 
many participants were surprised about the 
number of other people doing similar work. By 
presenting ideas from a number of studies, this 
handbook can also help establish formal links 
and encourage dialogue among researchers 
working in different parts of the country. Such 
dialogue is a key ingredient for significant 
advances in the field. 

A final hope for the handbook is to 
influence future studies so they become more 
compatible. Current studies, in addition to 
being conducted in a vacuum, also tend to focus 

Figure 2. Swimming in California's Clavey River. 
Instream flows affect the quality of a variety of 
recreation opportunities, including boating, fishing, 
hiking, and swimming. 

on single segments of rivers and finite sets of 
recreation activities. As a result, the flow needs 
for one river often cannot be compared with 
those from another. There is nothing inherently 
wrong with this approach, which is designed to 
address specific resource management needs. 
However, if data from enough rivers can be 
collected in a similar way, it may be possible to 
establish a link between flow needs for specific 
types of recreation and easily-measured 
hydrologic characteristics of rivers. Fishery 
biologists have managed to do this for a variety 
of aquatic species, and the resultant models have 
proved useful. A long-term goal of recreation 
research is to develop parallel models. 
Conducting studies and presenting data in 
similar ways, as suggested in this handbook, is a 
necessary first step in meeting this goal. 

HANDBOOK AUDIENCE 

The handbook is intended for a lay 
audience interested in the technical aspects of 
streamflow effects on recreation. Although 
conducting studies requires specialized technical 
skills and carefully developed research methods, 
the principles involved are comprehensible to 
non-specialists. With the handbook's help, 
earnest readers should be able to understand the 
logic of these studies and become critical 
consumers of them. 

The handbook is also intended for 
researchers and decision-makers. Researchers 
sometimes complain that their work is not used 
as often or as well as it should be, while 
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managers sometimes complain that researchers 
produce information less understandable or 
usable than it could be. In this handbook we try 
to address both complaints. On one hand, we 
have tried to avoid the "black box" syndrome 
whereby incomprehensibly complex models 
provide the only answers to important 
questions. Decision-makers, often lacking 
statistical sophistication, are rarely willing to 
invest in such approaches; if they are going to 
defend a decision, they must be able to grasp 
the basis of it. On the other hand, we have also 
tried to avoid oversimplifying complex 
relationships just because the simple is easier to 
understand. A flow need represented by a 
single number is easier to talk about than a 
range of needs represented by a curve. 
Nonetheless, as we will argue throughout, it is 
both more realistic and theoretically appropriate 
to talk about the incremental impacts associated 
with a full range of flows. 

The field is still young and methods are 
being developed and tested. The results are not 
all in. However, policy makers are asking 
questions and researchers are being told to find 
the answers. Through the development of the 
ideas in this book, we hope to provide a 
structure in which the questions are better 
framed, the answers are better understood, and 
the policy decisions are more informed. 

HANDBOOK ORGANIZATION 

The handbook begins with a discussion 
of basic principles and the presentation of a 
conceptual framework for doing flow-recreation 
studies. It then outlines a process for 
conducting any kind of instream flow research, 
whether for recreation or other resource outputs, 
essentially developing a checklist of issues that 

quality studies should address. 
The book then expands on the central 

issue in the process as it applies to recreation: 
developing relationships between flows and 
various recreation "outputs," or recreation 
opportunities. Depending upon the river and its 
values, there are a variety of different methods 
or approaches that could be used. The 
handbook first explores methods for developing 
relationships between flows and resource 
conditions, then looks at methods for evaluating 
those flows or conditions. Following this, a 
chapter presents a series of typical flow-output 
relationships as examples of the information 
studies will be producing. These examples also 
allow further discussion of appropriate methods 
in varying situations. 

The final chapters of the handbook 
explore various ways of integrating information 
about different flow needs to develop flow 
recommendations and the common flow 
protection strategies that can be used to 
implement those recommendations. The heart of 
the link between science and decision-making, 
these discussions focus on ways to develop 
realistic and understandable alternatives from 
which informed decision-making or negotiations 
can proceed. 

Throughout the handbook, information 
is presented in both the main text and a series of 
"sidebars" and appendices. Sidebar topics 
include discussions of standard hydrology 
methods, normative theory, survey research, and 
applying fishery methods to recreation, while 
the appendices include examples of survey 
questions, a list of study requirements, and a 
glossary of terms. The handbook also includes a 
list of references at the end of each chapter for 
readers interested in greater detail about 
particular subjects. 
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Chapter 2 
A CONCEPTUAL FRAMEWORK 

Assessing instream flows for any resource (including recreation) requires a conceptual 
understanding of how different flows or flow regimes affect various, and potentially competing, river 
resources. This chapter presents such a conceptual framework (see Figure 3) and explains its main 
elements: flow, resource conditions, resource outputs, and trade-offs and flow negotiation. In 
subsequent chapters, these elements and the relationships between them are explored in greater detail 
as they relate to recreation. 

FLOW 

Flow is the variable driving the system in 
any instream flow study. The amount and 
timing of flows (which define the hydrology of 
the system) are the first variables which need 
to be understood. The simplest case is a 
natural flow regime on a river with no human 
intervention ("unregulated systems"). In 
systems with human interventions such as 
dams, withdrawals, or diversions ("regulated 
systems"), complexity is added with various 
operational variables. In both cases, instream 
flow studies start by describing the range of 
water regimes and operational variables that 
produce water in the stream. These factors are 
represented by the faucet in Figure 3, 
recognizing that the faucet is controlled by 
some combination of natural and human 
factors. 

RESOURCE CONDITIONS 

At the most fundamental level, flow has a 
major impact on resource conditions. The 
conditions responding directly to flows are 
river hydraulics: water depth, velocity, width, 
wetted perimeter, and turbulence. "Indirect" 
responses also occur becuase of the interactions 
between flows and sedimet process and 
riparian vegetation. Indirect impacts include 
changes in channel features such as sinuosity, 
sediment movement, channel movement, 
gravel bars, and beaches. Indirect impacts 
also include changes in characteristics of 
riparian vegetation such as the type, amount, 
and location of plants, as well as the physical 
and chemical make-up the river, its water 
quality. 

Hydraulics, channel morphology, and 
riparian vegetation respond to changes in flow, 

forming a dynamic interactive system that 
defines biological and recreation habitats. For 
example, when rivers flood, they become 
erosive and carry considerable amounts of 
sediment. During these periods, bars are 
formed and meanders adjust and migrate. 
Floodplain vegetation may cause sediment to 
settle out, creating rich riparian soils. Many of 
these flood-dependent processes in turn create 
habitat and transport seed for early 
successional-stage vegetation. The resulting 
channel form may provide water to later-stage 
vegetation such as large cottonwood trees. 

Because recreation opportunities often 
depend upon the character of the river and 
associated floodplain, it is important to 
consider how stream flows affect river 
hydraulics, channels, and riparian zones. 
Conversely, when identifying optimum stream 
flows for activities such as rafting or canoeing, 
it is also important to consider the effects those 
flows might have on resource conditions. 
Understanding the relationship between flow 
regimes and resource conditions is the subject 
of Chapter 4, Exploring the Effects of How on 
Resource Conditions. 

RESOURCE OUTPUTS 

The unique array of resource conditions 
associated with a given river provide different 
instream resource outputs. These include fish 
habitat, wildlife habitat, and various types of 
recreation opportunities. Within each category, 
there may be several alternatives. For 
example, different flow regimes may produce 
habitat for different types of fish or wildlife, or 
different types of recreation. These are the 
"products" to be evaluated in an instream flow 
study, analogous to "goods and services" 
produced in an industrial setting. 
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