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Note

This slightly revised version of General Technical Report
RM-209 replaces the January 1992 version.

Abstract

The relation betrveen streamflow and recreation quality has
been studied by social scientists, physical and biological scien-
tists, and engineers. These efforts, reviewed here, employed a
wide variety of methods, yet nearly all studies found a similar,
nonlinear relation of recreation to flow - quality increases with
flow to a point, but decreases for further increases in flow.
Crit icai f low levels (points of minimum, optimum, and maxi-
mum flow), of course, differ across rivers and activit ies. Many
state laws and agency practices now provide for considering the
effects of streamflow on recreation. Within this framework,
knowledge of the flow-recreation relation, and its accurate
calibration in specific locations, is an important ingredient in
the determination of wise streamflow policies.

Acknowledgrnents

We are grateful to the following colleagues for their thought-
ful comments on earlier versions of this manuscript: Stewart D.
Allen, Will iam L. Jackson, Ann Root, Larry Schmidt, Peter
Skinner, and Douglas Whittaker.



USDA Forest Senrice
General Technical Report RM'2O9
Revised

March 1992

Streamflow and Recreation

Bo Shelby, Associate Professor
Department of Forest Resources, Oregon State University

Thomas C. Brown, Economist
Rocky Mountain Forest and Range Experiment Stationl

Jonathan G. Taylor, Research Social Scientist
National Ecology Research Center2

lHeadquaners is in Foft Collins, in cooperation with Colorado State University.

'?U.5. Fish and Wildlife Service, Fott Coilins, CO.



Contents

Page
Introduct ion. . . . . . . . . . . . .  1
Legal and Policy Factors Driving the Instream Flow Issue 1

Federal  Protect ion of Instream FIow.. . . . . . . .  1
Reserved Rights . . . . . . . . . .  2
Permitting and Consultation ..... 3
Environmental  Protect ion. . . . . . . .  . . . . . . . . . . . . . . . . . . .  4

Instream FIow Regrrlation by States .............. 4
Federal  Agencies and Instream Flow for Recreat ion.. . . . . . . . . . . . . . . . . . . . . . . . . .  5

Facility-Operating Agencies ......... 6
Bureau of  Reclamat ion.. . . . . . . . . . .  . . . . . . . . . . . . . . . . , . . .  6
Corps of  Engineers . . . . . . . . . . . . .  . . . . . . . .  6
Tennessee Valley Authority ....... 6

Other Federal  Resource Management Agencies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7
Bureau of Land Management . . . . . . . . . . . . .  7
Fish and Wildlife Service 7
Forest  Service . . . . . . . . . . . . .  8
Park Service . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  8

tJnderstanding the Relation of Streamflow to Recreation ................... 9
Direct Effects 10

Studies Relying Mainly on Expert Judgment 10
Emphasis on Minimum Flows 11
Emphasis on Full Range of Flows 11

Systematic Assessment of a Range of Flows Judged by Each
Part ic ipant. . . . . . . . . . . . . . .  t4
Flow Levels Depicted Photographically 14
Control led Flows . . . . . . . . . . . . . . . . . . .  15

Studies Employing user Surveys............ 16
Experienced Flow Levels, Only One Per Parbicipant 16
Photographic Media L7
Verbal  Descr ipt ions. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  17

Studies Using Mechanical Measurement of Descriptive Effects. 19
Indirect Effects of Flows on Recreat ion.. . . . . . . . . . .  . . . . . . . . . . . . . .  20

Use of Recreation-Flow Information in Decision-Making.................. 20
Synthesis and Conclusions . . . . . . . . . . . . .  21

Curves Showing the Relation of Flow to Recreation Quality......... 2I
Models for Specifying the Relation of Flow to Recreation.............. 22

Li terature Ci ted . . . . . . . . . . . . . .  24



Streamflow and R"ecreation

Bo Shelby, Thomas C. Brown, and Jonathan G. Taylor

IIYTRODUCTION

River and stream corridors provide a variety of
valuable resources, including aquatic habitat for
fish and other organisms, riparian habitat for veg-
etation and terrestrial wildlife. and "recreation habi-
tat" for water-dependent activities such as boating
and fishing, as well as water-enhanced activities
such as camping and bird watching. River corridors
also provide exposure of geologic and geomorphic
phenomena, and access to historic or cultural arti-
facts associated with past human activity. The
valu;.cf many of these resources and activities is
related to streamflow, either directly or indirectly.

This paper focuses on the relation of streamflow
to recreation quality. The quality of water-depen-
dent and water-enhanced recreation is intimately
tied to streamflow. Yet, the specific relations of flow
to recreation quality are not well understood or well
documented. We review what is known about these
relations and the methods that have been used to
study them, and we examine the legal and admin-
istrative framework within which information about
these relations can be used to protect flows for
recreation.

LEGAL AND POLICY FACTORS
DRIVING THE INSTREAM FLOW ISSUE

State and federal laws pertainingto water rights,
environmental protection, and land management
provide opportunities to protect instream flows.
Within federal reservations, federal water rights
were historically constitutionally immune from any
state lawsuit requiring their adjudication. FIow-
ever, in the 1952 statute commonly known as the
McCarran Amendment [43 U.S.C. 666] (Marks
1987), Congress granted a limited waiver of federal
immunity and federal water rights became subject
to state initiated general stream adjudications.
Although these claims may be adjudicated in fed-
eral or state court, it is not unusual for such cases
to be appealed to the U.S. Supreme Court. In addi-
tion to water rights, federal and state water, envi-
ronmental, and land management legislation pro-
vides for several study, review, and permitting
procedures that can affect instream flows both on
and off federal land.

Instream flow protections, whatever their ad-
ministrative character. do not remove water from

the stream, and thus maintain flow for users down-
stream ofthe protected area. Instream flow protec-
tions constrain subsequent (unior) attempts to
divert or store water within or upstream of th"
protected area.

FEDERAL PROTECTION OF INSTREAM
FLOW

Federal protection of instream flow stems from
express and implied statutory control, as well as
from less direct authority. The first direct statutory
mandate for federal protection of streamflow is
contained in the Organic Administration Act (ofthe
national forests) of 1897 t16 U.S.C. 47b1. The act's
protection was stated in the negative:'No national
forest shall be established, except to improve and
protect the forest within the boundaries or for the
purpose of securing favorable conditions of water
flows ...." The'favorable conditions of water flows"
directive undoubtedly includes watershed protec-
tion, but such protection does not necessarily pro-
tect instream flow from being diverted. The U.S.
Forest Service, however, has interpreted the Or-
ganic Act directive to include stream channel main-
tenance, which requires substantial instream flow
(Romm and Bartoloni 1985, Wilkinson and Ander-
son 1985). (A Forest Service claim ofreserved rights
for channel maintenance is currently (1990-1991)
being argued in Colorado District 1 water court.)

The most direct statutory mandate for federal
instream flow protection is found in the Wild and
Scenic Rivers Act of 1968 t16 U.S.C. I27l-12871.
Section L2B4(c) states, again in the negative:

Designation of any stream or portion thereof as
a national wild, scenic, or recreational river
area shall not be construed as a reservation of
waters of such streams for purposes other than
those specified in this chapter, or in quantities
greater than necessary to accomplish these
purposes.

With regard to the Act's purposes, it states in
Section 1273 (b):

It is hereby declared to be the policy of the
United States that certain selected rivers of
the Nation which, with their immediate envi-
ronments, possess outstandingly remarkable
scenic, recreational, geologic, frsh and wildlife,
historic, cultural, or other similar values, shall
be preserved in free-flowing condition, and



that they and their immediate environments
shall be protected for the benefit and enjoy-
ment of present and future generations.3

The law thus expressly reserves rights under
federal law, specifies the types ofvaluable resources
that might cause rivers to be protected under the
act, and establishes a connection between these
resources and free-flowing streams. Providing the
resource values associated with streamflows re-
quires managers to determine necessary flows and
to develop legal or administrative strategies to
protect them.

The Wild and Scenic Rivers Act defines "free-
flowing" as "existing or flowing in natural condition
without impoundment, diversion, straightening,
rip-rapping, or other modification of the waterway.
The existence, however, of low darns, diversion
works, and other minor structures at the time any
river is proposed...shall not autqmaticaliyiar ils-
consideration for inclusion.'Thus, the law reco€t-
nizes as 'facts of life" dams, diversions, and other
factors that might be considered antithetical or at
least compromising to the idea of a wild or free-
flowing river.

The act also recognizes the need to integrate or
coordinate policies regarding damming and pre-
serving rivers: 'The established national policy of
dam and other construction...needs to be comple-
mented by a policy that would preserve selected
rivers or sections thereof in their free-flowing con-
dition...." The need for coordination is further un-
derscored by the statement: 'The Federal Power
Commission shall notlicense any...project works...on
or directly affecting any river which is designated...as
a component of the national wild and scenic rivers
system....' However, the act goes on to say that
'nothing in the foregoing sentence shall preclude
the licensing of or assistance to, developments
below or above a wild, scenic, or recreational river
area...which will not invade the area or unreason-
ably diminish the scenic, recreational, and fish and
wildlife values."

These clauses point out the need to identify
resource values ofwild and scenic rivers, show their
relation to streamflow, and work within the con-
straints imposed by other resource uses. AJthough
the point may be debatable, the law appears to use
'free flowing" as a relative term and to recognize
that it will be necessary to identify the amount of
water needed to protect resource values. This focus
on purpose is in keeping with the reserved rights
doctrine. which as described below limits federal
claims to quantities necessary to fulfrll the purpose
of the land reservation. Thus, it has been argued

sOne source of inlormation about which rivers have been designed
under this act is the "list of lists" compiled by American Rivers (Echeverria
and Fosburgh 1988).

that it may be diffrcult to reser-ve all the water in a
stream simply because that is the natural f low
(Jackson et al. 1989).

The Wild and Scenic Rivers Act stipulates that
jurisdictions ofthe states and the federal govern_
ment over waters included in the system ,.shall be
determined by established principles of law.... The
jurisdiction of the states over waters of any stream
included in a national wild, scenic, or recreational
river area shall be unaffected by this act." This
language does not preclude the federal government
from pursuing federal reserved water rights; it was
included to allay states' concerns about federal
"taking" or infringement of states'rights. Obviously
federal needs for protection of flows in wild and
scenic rivers may and probably should be inte-
grated with state administration of water rights, so
as to avoid situations where a state may be tempted
to'ignore instream flow rights administratively if
the state is philosophicaliy hostile to a [federal]
instream flow appropriation" (Jackson et al. 1989).

Three basic policy areas lend authority for fed-
eral control of instream flows (Shupe 1989): the
reserwed water rights doctrine, federal permitting
and consultation requirements, and environmental
protection statutes.

Reserved Rights

The reserved water rights doctrine for federal
lands stems from the Winters Doctrine, which es-
tablished water rights for Indian reservation lands
held in federal trust. The Winters Doctrine was
established by the U.S. Supreme Court decision in
Winters u. the United States t207 U.S. 564 (1908)1,
which determined that the reservation of land for
the Assiniboine Indian Tribe carried with it an
implied reservation of waters from an adjoining
river that were needed for the productive use of the
reservation lands (Nelson 1977). The doctrine has
developed through the broad application of "Win-
ters Rights" protection for Indian reservations, and
has been further broadened to include other federal
reservations as well.a

InArizona u. Cal i fornia[373 U.S. 546 ( 1963)]  the
U.S. Supreme Court upheld the finding of the Spe-
cial Water Master that "the principle underlying
the reservation of water rights for Indian reserva-
tions was equally applicable to other federal estab-
lishments such as National Recreation Areas and
National Forests" (I{iechel 1976, p. 61). The Special
Water Master held that national forests in the
lower Colorado River basin were established for

lNot allfedeHl land is eligible for reseNed rights. Beserved rights may
apply to federal land reserved from the public domain. but not to land
purchased by fhe govemment. This distinction between reserved and
purchased propefty is not indicated on most maps showing agency
ownership.



purposes of 'the protection of watersheds and the
maintenance of natural flows in streams below the
sheds [and] recreation for the general public."sThe
Special Water Master also found reservation of
water rights for recreation appropriate for the na-
tional parks, monuments, and recreation areas found
in the Lower Colorado River Basin.

The U.S. Supreme Court applied the reserved
rights doctrine in 1976 inCappaert u. United States
[426 U.S. I28]to protect the Devil's Hole pupfrsh in
a Nevada national monument of the same name.
but limited the reserved right to "only that amount
of water necessary to fulfrll the purpose of the
reservation. no more.'

Since the U.S. Supreme Court 1978 decision in
United States u. New Mexico [438 U.S. 696], non-
Indian reserved rights have generally been re-
stricted to those purposes clearly recognized as
primary in the legislation setting aside the land. In
that case, the U.S. Forest Service had claimed
water rights on the Rio Mirnbres in the Gila Na-
tional Forest for stock watering, fisheries, wildlife,
esthetics, and recreation. The majority (five-four)
opinion of the Court held to a rather nar.row inter-
pretation of the 1897 Organic Act, stating that only
two limited purposes were authorized for establish-
ment of national forests (timber supply and'favor-
able conditions of water flows'). The Court further
stated that additional purposes stated in the Mul-
tiple Use-Sustained Yield Act of 1960 were second-
ary, not primary, purposes and therefore not suffi-
cient justifrcation for reserved water rights under
this Act with a reservation date priority date. For
this conclusion the Court relied in part on langrrage
in the Multiple lJse-Sustained Yield Act that "the
national forests are established for outdoor recre-
ation, range, timber, watershed, and wildlife and
frsh purposes' and that'the purposes of this Act are
declared to be supplemental to...the purposes for
which the national forests were established" in the
Organic Act (Brooks 1979, Fairfax and Andrews
1979, Romm and Bartoloni 1985, Wilkinson and
Anderson 1985). The Court left open the issue of
whether a right based on the Multiple IJse-Sus-
tained Yield Act had been reserved with a 1960
priority date.

Some more recent decisions have placed limits on
the purposes for which federal reserved rights could
be rewarded, such as the Colorado Supreme Court's
1982 decision regardingthe National Park Service's
claim of a federal reserrred water right for Dinosaur
National Monument (Bassin 1985), and the 1983
agreement reached in the Big Horn adjudication in
Wyoming regarding the U.S. Forest Serrrice's claim
of reserved rights for purposes specified in the
Multiple lJse-Sustained Yield Act (Mead 1986).

5Bepod ol Special Master Simon H. Rifkin, Dec. 5, 1969, p. 96.

Flowever, several other state court decisions or
settlements, in Idaho, Colorado, New Mexico, Wash-
ington, and Wyoming (Kiechel 1976, Mead 1986),
have upheld the concept of federal reserved water
rights to maintain streamflow. Future cases will no
doubt continue to clarify the role of reserved rights
in protecting instream flows.

Permitting and Consultation

Within the arena of permitting, the Federal En-
ergy Regulatory Commission (FERC) must include
in its hydropower license and relicense delibera-
tions consideration of conditions that will ensure
adequate facility-bypass flows for instream resource
protection. IJnder the Federal Power Act (Public
Law 1082), FERC must engage in comprehensive
planning and achieve a balance of potential re-
source values in its licensing decisions. FERC gen-
eralll'considers recreation a fairly major issue in
facility licensing, and it tries to balance its opera-
tions with both upstream (reservoir) recreation and
downstream (river flow) recreation. Flows neces-
sary for recreation, esthetic quality, and mainte-
nance of fish populations must be balanced against
costs such as revenue loss from reduced power
generation. Executive Order 313 requires that FERC
licensees provide both upstream and downstream
recreation as part of the project, consistent with the
needs ofthe area.

In 1990, at the urging of the American Rivers
organization, Congress allocated funds to the Na-
tional Park Service for the Riverwatch Program,
underwhich the Park Service was to act as advocate
for nonfishing recreation, considered to have been
largely unrepresented in previous FERC license
negotiations. More than 250 hydropower project
licenses will expire duringthe 1990's (175 by 1993).
Now considered by the Park Service to include
frshing as well, the Riverwatch Program provides
consultation assistance and cooperation and coordi-
nation to hydropower companies, public agencies,
and interest gfoups regarding recreation and natu-
ral resources at existing and proposed hydropower
projects; the goal is to avoid or mitigate adverse
impacts on recreational resources. The primary
tasks of the program are to establish lines of com-
munication between the interested parties, and to
consult about and provide comments on the hydro
projects during the prefiling consultation phase of
the FERC relicensing process. Park Service assis-
tance includes reviews of economic evaluations,
recreational use studies, exploration ofriver access
issues, and consideration of alternatives to dam
construction. The Riverwatch Program provides
the only federal review specifrcally representing
recreation interests outside federal areas in the
hydro licensing process.



Federal land rnanagement agencies can also af-
fect instream flow through issuance or denial of
rights-of-way requested for water-related facilities.
For example, the Federal Land Policy and Manage-
ment Act of 1976 [43 U.S.C. 1701 et seq.] specifies
that, in considering requests for rights-of-way for
'reservoirs, canals, ditches, ... pipelines, tunnels
and other facil i t ies and systems for the impound-
ment, storage, transportation, or distribution of
water" (section 1761), agencies wil l ensure that
each right-of-way contains conditions to "minimize
damage to scenic and esthetic values and fish and
wildlife habitat and otherwise protect the environ-
ment" (section 17 65)(see also Wilkinson andAnder-
son 1985).

Consultation requirements are included in sev-
eral federal laws, a number of which can be related
to instream flow protection. The most directly appli-
cable statute is the Fish and Wildlife Service con-
sultation on fish and wildlife affected by water
projects constructed, licensed, or permitted by the
federal government. This statute identifies fish and
wildlife resources as valid elements of a develop-
ment project, and it provides for mitigation or en-
hancement of these resources.

Environrnental Protection

The seminal federal legislation in this policy area
is the National Environmental PolicyAct(NEPA) of
1969 [42 U.S.C. 4331 et seq.]. NEPA declares a
federal commitment to environmental protection
and requires careful consideration of environmen-
tal impacts, mitigation, and alternatives to federal
actions. This legislation requires the preparation of
an Environmental Impact Statement (EIS) for each
major federal action that may significantly affect
the quality of the human environment. Federal
actions are broadly defrned in NEPA to include not
only construction, but also l icensing, permitting,
and funding a project as well.

NEPA specifically requires coordination with
appropriate federal, state, and local agencies, as
well as the general public, in the process ofprepar-
ing and reviewing the EIS. Section 4332(c) requires
federal officials to consult with and obtain the
comments of any agency that has jurisdiction or
special expertise with respect to any environmental
impact involved. These considerations should in-
clude instream flow for any federal project that may
alter f low in an existing watercourse.

Other environmental legislation also has the
potent ia l  for  engaging federal  involvement in
instream flow protection or enhancement for recre-
ational or esthetic purposes. For example, the Clean
Water Act of 1977 133 U.S.C. 1251, et seq.J allows
consideration ofreservoir storage and releases not
only for maintaining downstream water quality,

but also for recreation, esthetics, and fish and
wildlife (section 1252).

INSTREAM FLOW REGIII,A'TION
BY STATES

The principal doctrines establishing rights to
surface waters in the United States are riparian
rights in the more humid East and prior appropria-
tion rights in the more arid West (MacDonnell et al.
1989, Wilkinson 1989). Under the riparian doc-
trine, water rights are available to persons whose
property adjoins the water body. In contrast, the
prior appropriation doctrine emphasizes diversion
under the principies of beneficial use and "first in
time" being "frrst in right."

The traditional requirements for a valid water
claim in the West include (1) intent to apply the
water to a beneficial use, (2) actual diversion of
water from a naturaliy occurring watei: body, and
(3) application of the water to a benefrcial use
within a reasonable time. The designation of *ben-

eficial use" water rights for preserrring fish and
wildlife habitat or for maintaining riverine resources
for recreational use has not been the primary im-
pediment to instream flow regulation. The diffr-
culty most often encountered is the traditional
requirement that water be diverted from the natu-
ral water course in order to establish a water right
under the Prior Appropriation doctrine (Tarlock
1978, 1979). Therefore, a number of states have
passed legislation that specifrcally allows protec-
tion and maintenance of water in the channel as
instream flow.

In a 1986 survey of U.S. states and Canadian
provinces, Reiser et al. (1989) identifred legislation
protecting instream flow in 16 states, 12 of which
were west of or along the 10oth meridian. Instream
flow regrrlations in the western states have more
recently been reviewed by McKinney and Taylor
(1988) and MacDonnel l  et  al .  (1989).  Table 1 shows
the legal means of instream flow regrrlation for
these 16 states plus Nevada. The table lists theyear
of enactment of the instream flow protection legis-
lation or code. Oregon was the first state to estab-
lish rights for instream flows, passing legislation in
1955. The table also indicates whether recreation
and esthetic quality are specifically designated as
appropriate beneficial uses for which instream flow
protection can be implemented. So far, 13 of the 17
states have specifically designated recreation as a
legitimate reason for protecting instream flows.
Texas currently is testing whether its water and
fish and wildlife codes can be invoked to protect a
"recreation resource,' in this instance to preserve
dinosaur tracks in a state park. Only six of the
states allow protection for aesthetic or scenic rea-
sons. However, several of the other states allow



Tabie 1. - State instream f low legislat ion: Protection of recreal ion and esthetics. '

Law Year
passed

Protects
Recreation Esthetics

Alaska
Arkansas

Colorado

Hawaii
ldaho
lndiana
Kansas
Minnesota

Montana
Nebraska
Nevada
Oregon

Pennsylvania

Texas
Utah
Washington

Wyoming-

AK Water Use Act (AS 46.15.145)
State Act 1051
SA 469
CO Min. Streamflow
sB-97 (CRS 37-92-102)
Instream Flow Use Protection Act (HRS 176D)
Minimum Streamflow Act (lC 42-1501 to 1505)
lN Code 13-2-6.1, Water Resource Mgnt.
Minimum Desirable Streamflow Act
MN Statutes 195.39
Sub.1,  105.4
Water Use Act (MCA 85-2-316)
Instream Appropriations
NV Statutes 533.030,035
Minimum flow law (ORS 536.325)
Rev. (ORS 587.322-360)
Scenic Rivers Act
Clean Streams Law
House Bill 2, Parks & Wildlife Code
lnstream Flow Amendment HB 58 (4C 73-3-3)
Water Resources Act (RCW 90.54)
Min. Flows & Levels Act (RCW 90.22)
Enrolled Act # 53 (WS 41-3-1001)

1980
1 985
1 989
1987
1 973
1 982
1978
1 983
1 980
1 981
1977
1 973
1 984

,1988

1 955
1 987
't972
1 975
1 985
1 986
1 971
1967
1 986

Yes
Yes

No

Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Court testing
No
Yes

No

YeS
No

No

Yes
Yes
No
No
Yes

No
No
No
Yes
Yes
Yes

No
No
Yes

No

t Sources: Aiken 1983a; 1983b; Brandes 1985; Btistow and Gould 1986;
Trembly 1987; White 1982; White 1983.

zDate of Nevada Supreme Coun decision (Potter 1990).

instream flow rights to protect water quality that
affects esthetic quality. In several states, natural
resource department personnel consider water qual-
ity protection the means for preserving esthetic
quality of riverine areas.

Lack of specific legislation authorizing instream
flow protection does not always preclude such pro-
tection. For example, in Arizona the Department of
WaterResources has approved permits for instream
uses, based on its understanding ofa 1976 Arizona
Court of Appeals decision regarding in situ water
use (Dishlip 1989). And in California the state's
granting and regulation of permits and licenses,
water quality management, and application of the
public trust doctrine all offer opportunities that
sometimes have the effect of protecting instream
flows (Gray 1989).

Whitewater boating, unlike fishing, may not be
able to rely directly on preservation of frsh popula-
tions to protect recreation opportunities. Of the
roughly 34,000 miles ofriver identified in the Ameri-
can Whitewater Affiliation's recent whitewater
(class II or better rapids) inventory covering 39
states (Barrow 1989), 347o of the miles are found in
the states identifred in table I as allowing protec-
tion of instream flow for recreation (not counting
Texas' 1,26L miles). The 34,O00 miles are found
along 2,133 segments of 1,348 rivers included in the
inventory and compose about LTo of the total river
mileage in the United States (Barrow 1989).

Freeman and Robinson 1986; McKinney and Taylor 19BB: Reiser et al. 1989;

FEDERAL AGENCIES AND INSTREAM
FLOW FOR RECREATION

As the preceding section indicates, a variety of
legal mechanisms and administrative policies pro-
vide the impetus for determining the effect of
instream flow on recreation. The Wild and Scenic
Rivers Act, for example, establishes an express
federal reserwed right and gives federal agencies a
clear legal opportunity to establish water rights for
streamflow. But the needs must be quantifred and
justified as required by law, and tbe rights should if
possible be frled in a way that is compatible with
appropriate federal and state water law. In spite of
the federal reserved rights doctrine, federal agen-
cies with river management responsibilities may
have an obligation to quantify and file for an instream
flow water right in order to protect riverine re-
sources, as directed by Congress or in ongoing
McCarran Act adjudications. Although federal re-
served rights cannot be abandoned or lost through
non-use, agencies that fail to seek timely quantifr-
cation of such rights may risk a more difficult task
if they seek to quantify them in the future.

To carr5r out their charges regarding instream
flow, federal agencies may need to fiIe for water
rights, modify hydroelectric energy production goals
and procedures, alter schedules used to meet down-
stream consumptive use requests, and reconsider
procedures used to provide flood protection or reser-
voir recreation. Further, as suggested by the U.S.
Water Resources Council (1983), analysis of feder-
ally funded projects may incorporate economic valu-
ation of the benefits and costs of alternative flow

5



reg'imes. Wtrere instrearn flow is important, ad-
equate analysis and planning for all of these actions
require an understanding of the underlying rela-
tion of flow to instream uses.

In this section we review some positions and past
actions of federal agencies regarding determination
of instream flow needs for recreation. Most agencies
do not have official positions regarding this issue
that are applicable to all situations. The following
summaries are drawn from a variety of sources,
including published and unpublished materials,
various contacts inside and outside the agencies,
and our own impressions. There may be unpub-
lished studies by these agencies of which we are
unaware. However, we hope these studies included
in our review provide a reasonable idea of each
agency's approach. There clearly are differences in
agency approaches, and it makes sense to charac-
terize them as best we can, in spite of the lack of
official policy and the difficulty of obtaining an a,ll-
inclusive picture.

FACILITY-OPERATING AGENC IE S

Bureau of Reclamation
The Bureau operates over 130 reservoirs in the

West. and it has constructed or authorized an even
greater number that are operated by other agen-
cies. More than 50 million acres are irrigated wholly
or partially by Bureau projects (Wahl 1989). Until
recently, dam operations were primarily aimed at
meeting water demands for uses such as irrigation
and power generation. Recreation opportunities
were produced as secondary benefits--opportunis-
tic recreation users could take advantage ofthese
benefrts, but could not demand them. However,
Bureau policy regarding management of resources
that affect recreation opportunities appears to be
changing. Recent Bureau policy regarding frshing
describes the extent of sport frshery resources un-
der Bureau management, reviews frgures regard-
ing frshing as the country's second-most-popular
recreation activity, and states that the Bureau
needs to be responsive to this demand by developing
fishery management plans that wil l protect and
enhance fishery resources: "Ifopportunities exist to
improve frshery management without negatively
impacting Reclamation's contractual obligations,
fishery management plans wil l balance such oppor-
tunities with other project purposes and resource
amenit ies. . . .  Plans may include changes in reser-
voir operations that wil l enhance fisheries, both
within the reservoir and in downstream areas."
Although this policy is clearly l imited to instream
flow impacts on fisheries, it represents a change
from earlier agency policy. Furthermore, some of
the Bureau's instream flow considerations have
extended beyond fishery concerns. For example, the

Bureau's study of the effects of operations at Glen
Canyon Dam (Bishop et  a l .  1987) includes
whitewater boating as well.

Corps of Engineers

The Corps manages, designs, or constructs nu-
merous dams affecting flows used for river recre-
ation. Although the Corps has no standard method-
ology for determining the relation of flow to recre-
ation or scenic quality, it has carefully examined
the relation in several locations. One recent effort
occurred during deliberations about construction of
a dam below Buford Dam on the Chattahoochee
River north of Atlanta, in a river stretch managed
by the National Park Service as the Chattahoochee
National Recreation Area. In cooperation with the
Fish and Wildlife Service, the Corps assessed the
relation of flow conditions to potential for various
recreation activit ies (Nestler et al. 1986). The Corps
used the Fish and Wildlife Service's Physical Habi-
tat Simulation Model (PHABSIM) to simulate wa-
ter depth and velocity for different flow levels for
several reaches along the study area, and to relate
flow to recreation potential using suitabil ity crite-
ria. Relations were developed for wading, several
types of angling, two levels of canoeing, and three
Ievels of rafting. Recreation suitability curves for
all but two activit ies were init ially taken from Hyra
( 1978). The study team then modified some ofFlyra's
curves and developed others on its own. The canoe-
ing and rafting curves also benefitted from the
advice ofa local panel ofexperts. The results ofthe
PHABSIM analyses were estimates of "weighted
usable area" versus flow for each activity in each
reach (see the discussion ofFlyra's (1978) approach
in the "Direct Effects" section below for more on the
methods employed).

Tennessee Valley Authority

In response to concerns about the impact of dam
operations on the quality of river f loating, TVA
recreation planners have taken a straightforward
approach to investigating the relation offlow quan-
tity to recreation quality. They organized float trips
for interested persons at different f low levels that
rvere controlled by the upstream dams. After re-
peatedly floating the river, participants discussed
their experiences, indicating the flow levels at which
recreation was acceptable, optimal, and seriously
impaired because of too l itt le or too much water. In
1973 on the Ocoee River downstream of Ocoee No.
2 Dam in southeastern Tennessee, about 30 canoers,
kayakers, and rafters floated the river at three
controlled flows (over 2 consecutive days) ranging
from 1,200 to 4,000 cubic feet per second (cfs).
Maximum turbine ef f ic iency release ( I .2OO cfs)  was



good for canoeing but at the low end ofthe accept-
able range for kayaking and rafting. After consider-
ing tradeoffs between electric energy and recre-
ation, an agreement was reached in 1984 providing
for release of 1,200 cfs for 114 days each floating
season (March through October). In 1983 at the
Bear Creek Floatway in northwestern Alabama,
about 10 canoers floated the river at three flows
ranging from 140 to 500 cfs. The canoers concluded
that 140 cfs was the acceptable flow, and a flow
model was used to evaluate the feasibility ofprovid-
ing such a release from May to October. Opportuni-
ties for occasionally increasing the release level are
now being explored.6

The TVA Act directs TVA to manage its reservoir
system primarily for navigation and flood control,
and (consistent with those purposes) for power
generation. Because other benefrts of reservoir
operations have become increasingly irnportant,
TVA recently completed a reevaluation of itr, -e;er-
voir system (TVA 1990). The study evaluated ve-
Iocities, increased wettable surface, drain time, and
other hydraulic characteristics to establish mini-
mum flows below 15 dams. Although the improved
flows should increase biological diversity, the flows
are far below levels needed to signifrcantly increase
opportunities for float fishing or canoeing.

OTHER FEDERAL RE SOI.IRCE
MANAGEMEIVT AGENCIES

Brrreatr of Land Managernent

In 1977 the BLM established an interdiscipli-
nary task force to develop an instream flow assess-
ment system to be used by its freld offices. The task
force's report (Cuplin and Van F{averen 1979) cov-
ers general background information, a strategy for
obtaininginstream flow rights, criteria for identify-
ing key riverine resources and considering flow
needs, and hydrologic methods for quantifying fl ows.
In addition, the BLM has conducted a series of
instream flow studies using a common method
described by Jackson et al. (1989), from which the
following summary is drawn. These studies, de-
scribed in more detail in the following section,
occurred on Beaver Creek (Van Haveren et al. 1987)
and the Gulkana River (Shelby et al. 1990) in
Alaska, the San Pedro River in Arizona (Jackson et
al, 1987), and the Dolores River in Colorado (Van-
das et al .  1990).

The BLM approach, dubbed the "interdiscipli-
nary process,'emphasizes the need to take a holis-
tic, integrated approach to determining and pro-
tecting streamflow needs. Because 'resource val-
ues'(defined for this process as the unique condi-
tions or uses for which the resource was designated)

6Personal communication, George Humphrey, TVA, Norris, TN, 1990.

and their related physical, legal, and administra-
tive environments differ widely from one river to
another, the BLM approach emphasizes a process
that brings together experts in relevant resource
disciplines, as required by the unique characteris-
tics ofthe river in question. The process includes the
following steps:
1. Identify unique resource values, select relevant

experts for the project team, and identify the
range ofpossible research and protection strate-
gles.

2. Identify flow-dependent values in order to focus
the project on the important resource character-
istics that are affected by flows.

3. Quantify hydrology and geomorphology in order
to understand how the system works, with em-
phasis on the unique needs of the key resource
values.

4. Describe effects of flows on resource values; this
will form the basis for evaluating different flow
regimes in terms of their effects on activities and
concerns.

5. Identify recommended flows to protect resource
values, integrating the different flow needs and
reconciling conflicts when necessary.

6. Develop a flow protection strategy that is legally
defensibie and administratively feasible; usually
this will result in an instream flow water right
under applicable state law, but a variety of other
water rights strategies are possible.
Use ofthis approach resulted in the firstinstream

flow water right granted to a federal agency by the
State of Alaska. The approach is currently being
reviewed in a court adjudication of a federal re-
served instream flow right on the San Pedro River
in Arizona.

Fish and Wildlife Service

The approach adopted by the FWS to identify and
protect instream flows for recreation follows from
its work in instream flow protection for fish habitat.
The PHABSIMmodel, whichis partofthe Instream
Flow Incremental MethodoloCy (IFIM), uses depth,
velocity, and substrate as the three primary micro-
habitat factors for determining the suitability of
habitat areas for specific fish species and Iife stages.T
The FWS determined that other (i.e., not wildlife-
dependent) forms of recreation were largely outside
its j urisdiction. Thus, incorporating recreation suit-
abilities into instream flow measures has been
limited. However, Hyras published a methodology
for measuring instream flows for recreation in 1978.

TFor an application of PHABSIM that focuses on tish habitat, see
Cavendish and Duncan (1986).

tWorking at the F&WS's Western Energy Land Use Team (now the
National Ecology Research Center) on a detail f rom the Bureau of Outdoor
Recreation (now the National Park SeNice).



Essentially, Hyra adapted the PHABSIM model by
expressing the quality of various recreation activi-
ties as a function of water depth and velocity. The
system was designed to be compatible with the
IFIM, hopefully making the recreation measures
more l ikely to be applied by resource managers.
Hyra's method is discussed in greater detail below
in the Direct Effects section, where studies of the
streamflow-recreation relation are reviewed.

Forest Service

The Forest Service currently has no standard-
ized methodology for assessing the relation of f low
to either recreation quality or scenic beauty. How-
ever, the need to learn about this relation has
occurred numerous times in various locations. In
the early 1980's, the Pacific Southwestern Region
developed standards for determining streamflow
needs in California (USDA 1981). Other efforts
have been more site-speciflrc. For example, in the
early 1970's on the Plumas National Forest an
irrigation company proposed diverting water from
Fall River upstream of the 600-foot Feather Falls.
The agency hydrologist took photos of the falls at
various flow rates and informally asked people
which photo showed the minimum flow below which
the scenic beauty of the falls significantly deterio-
rated.e This effort was never subjected to close
scrutiny because the irrigation company went out of
business.

The need for more quantitative assessments of
recreation quality has resulted in studies such as a
recent Master's thesis that examined the relation of
flow to boating quality (Will iams 1991) and a study
using psychometric methodology to determine the
relation of f low to scenic beauty (Brown and Daniel
1991).

The relation between instream flow and recre-
ation is not only a matter of water volume, but also
water quality and temperature. In the Flaming
Gorge National Recreation Area, in northeastern
Utah, the Forest Service is studying the interactive
carrying capacity of anglers and boaters along the
Green River corridor below Flaming Gorge Dam
(Pratt et al. 1991). Prior to 1980, this flow-regulated
reach provided an excellent novice boating experi-
ence, attractingsome 50,OOO recreationists, with an
increase rate of over 4o/o per year. In 1979, depth-
selective withdrawal gates were installed on Flam-
ing Gorge Dam, allowing temperature regulation
for more optimal f ish production. This action, plus
limited selective harvest regrrlations implemented
in 1985, created a nationally recognized fishery on
the Green River, increasing the total number of
recreationists and doubling by 1987 the proportion

ePersonal communication, Peter Stender, lntermountain Hegion, U.S.
Forest Service, Ogden, UT, 1990.

ofthose recreationists seeking a frshing experience.
Although the flow rates in this portion ofthe Green
River have remained fairly consistent (at 800 cfs)
over the past several years, the nature ofthe recre-
ational use has changed substantially.

Although the Forest Service has no standard
methodology yet for assessing how recreation qual-
ity is affected by flow, it is using methodology to
assess flow needs for channel maintenance. The
Forest Service Manual (sect ion 254L.I ,1984) states
that the flow needed "includes the volume and
timing of flows required for adequate sediment
transport, maintenance of streambank stabil ity,
and proper management of riparian vegetation."
While the objective for such flows is certainly not to
provide recreation opportunities, channel mainte-
nance indirectly affects recreation via effects of
sediments on frsh habitat and therefore fishing
quality, and effects of high flows on gravel bars,
riparian vegetation, and other features (see Indi-
rect Effects of Flows on Recreation).

Park Service

The Park Service has not developed an official
policy or single, accepted method for assessing rela-
tions of instream flow to recreation. In an early
effort, Cortell and Associates (1976) produced a
handbook for evaluating and planning recreation
and river flow for the Bureau of Outdoor Recreation
(later absorbed into the Park Service). The authors
identified rninimum, maximum, and optimum flows
for several types of fishing, whitewater boating,
tranquil-water boating, and water-contact recre-
ation based on width, depth, and velocity of the
river reach. They then compared the initial rela-
tions with actual conditions observed in the freld,
amending their initial judgments where necessary.
The final relations were then used to make judg-
ments about nonobservable flows.

The Park Service administers desigaated wild
and scenic rivers in national parks, evaluates the
wild and scenic potential for rivers in national
parks and elsewhere, and provides technical assis-
tance to state agencies on designation and protec-
tion of wild and scenic rivers. In 1982 the Park
Service compiled a Nationwide Rivers Inventory of
over 1,50O river segrnents that may be eligible for
national wild and scenic status. The Park Service
reviews development proposals on all inventory
rivers to help ensure that eligibil i ty potential is
maintained, and in 199O i t  began to upgrade and
add to the inventory.

In 1990 Congress directed the Park Service to
serve as the advocate for recreation interests in
FERC hydropower facil i ty l icensing and relicensing
negotiations, which resulted in the Riverwatch Pro-
gram. This effort and the Park Service's Wild and



Scenic Rivers efforts and its Nationwide Rivers
Inventory activities were subsequently consoiidated
in 1990 under an overall 'National Rivers Pro-
gram."

In an effort unrelated to the National Rivers
Program, the water rights branch within the Water
Resources Division in Fort Collins, Colorado, has
proposed an approach called'departure analysis,'
which has been applied to the streamflow issue
(Johns and Williams 1987, Williams et al. 1988).
Landscapes are constantly being modified by natu-
ral events andhuman intervention, and these events
affect the physical and biological attributes of re-
source settings. Departure analysis is an attemptto
model existing conditions and then observe the
effects of perturbations on these conditions. Pertur-
bations that sufficiently alter existing conditions
are called "departures.'

This analysis ofdepartures was applied by Burley
(1990) to hydrologic issues on the Virgin Rive:: in
Zion National Park, Utah. Modeling efforts ad-
dressed resource attributes such as aquatic organ-
isms, riparian vegetation, groundwater-dependent
vegetation (hanging gardens), and esthetic and
recreational characteristics of the river corridor.
Recreation impacts were further characterized by
applyrng incremental instream flow information
from hydraulic simulation to quantitative recre-
ation measures as described by Hyra (1978).

How this approach determines or defrnes the
desired conditions towards which management ef-
forts will be directed is not clear. The Park Service's
enabling legislation directs the agency to protect
park resources so as to leave them unimpaired for
the enjoyment of future generations. Johns and
Williams (1987) argued that the results of the
departure analysis can be presented in court'to
display the effects of altered flow regimes...upon
existing park resource conditions. These results
will allow an impartial judgment...as to whether or
not impairment of park resources occurs under
altered flow regimes." The court would decide
whether'the Congressionally-mandated require-
ment for'unimpairment'...could be met with a re-
gime of flow other than existingl (Johns and Wil-
liams 1987).

The implicit assumption of this approach ap-
pears to be that any departures (i.e., reductions)
from current flow conditions are unwanted and to
be contested in court if necessary. This approach
seems to contrast with that of the Riverwatch Pro-
gram, which attempts to facilitate communication
among parties to achieve equitable mitigation of
impacts on recreation users, so as to avoid court
battles. This difference in approach is partially due
to two facts: (1) departure analysis is meant to be
applied to rivers in national parks, whereas the
Riverwatch Program applies to rivers with hydro-

electric facilities wherever they occur (many being
on private land), and (2) departure analysis focuses
on natural resource conditions in general, whereas
the Riverwatch Program emphasizes recreation.

UNDER,STANDING THE REI,ATION OF
STREAMFLOW TO RECREATION

Streamflow contributes to both water-dependent
and water-enhanced activities. Water-dependent
activities such as frshing and boating are impos-
sible without at least a minimum level of flow.
Water-enhanced activities, such as hiking to rriew a
waterfall or camping along a stream, are possible
even if the stream dries up completely, although
such activities may cease to attract participants
without water to view and hear.

Like other human-natural resource interactions,
the relation of rccreation to streamflow has descrip-
t ive and evaluat ive components (Shelby and
Heberlein 1986). The descriptive component pro-
vides objective information about resource charac-
teristics; it describes the effects of different man-
agement alternatives on resource conditions. De-
scriptive data regardinginstream flows might show
how different amounts of water affect biophysical
resource conditions such as size and number of
pools, size and number of rapids, necessity for and
length of portages, likelihood of boating accidents,
and navigability by different crafb.

The evaluative component shows how humans
respond to the physical conditions. For example, at
very low flows, rapids on a river may be too easy for
whitewater boaters, and at very high flows they
may become dangerous. Evaluative information is
needed to decide which set of conditions is better or
more desirable and what conditions (e.g., charac-
teristics of rapids or camp areas) are necessary for
that experience. Both descriptive and evaluative
information are typically, though not necessarily,
quantitative in nature.

Figure 1 shows a model of how descriptive and
evaluative components are combined to determine
instream flow needs for recreation. Descriptive in-
formation is needed to show how different hydro-
logic regimes produce different biophysical condi-
tions. Evaluative information is needed to show
what flows are necessary to provide minimally-
acceptable to high-quality conditions for desired
recreation experiences. Based on this relation, and
additional information on managernent goals, a
range of flows can be identified that will provide
minimum to optimum conditions. This approach
fits with recently developed models for determining
appropriate instream flows for recreation (Jackson
et al. 1989, Milhous 1990), as well as for recreation
planning (e.g., Stankey and McCool 1984).



Research on recreation and streamflow is gener-
ally recent and has been done in a variety ofset-
tings, for a variety ofpurposes, and from a variety
of disciplinary perspectives. For example, studies
have focused on recreation activities, economic value,
esthetics, carrying capacities, and interactions of
recreation streamflow needs with other water needs,
both in and out of stream. The following review first
looks at direct or short-term effects of flows on
recreation quality in general or on specific recre-
ation attributes such as quality of rapids, fishing
success, scenic beauty, or boating travel times. The
review then explores indirect or long-term effects
such as the impacts of flows in creating and clearing
gravel bars for camping, improving scenic wisibility,
or maintaining channel form and function for frsh
habitat. Most of the 28 direct-effects studies re-
viewed here (table 2) focus on evaluative measures,
although some (those usingacoustical equipment to
measure sound ievel) are purely descriptive; the
three studies of indirect effects focus on descriptive
measures. There is some overlap in these studies,
as some of the indirect-effects studies also mea-
sured direct effects. These studies demonstrate the
range of methods being applied to enhance our
understanding of the relation of streamflow to rec-
reation. The many studies (not included here) relat-
ing streamflow to fish habitat or populations might
also be classifred as indirect, descriptive studies
(see Stalnaker 1980).

DIRECT EFFECTS

Sixteen of the direct-effects studies reviewed
here measure recreation quality, five focus on sce-
nic or acoustic quality, and seven focus on economic
value. We categorizedthese studies into fourgroups,
based on the methods used to understand the rela-
tion of flow to recreation quality. The frrst group

Descriptive Evaluative

Figure 1.-Descriplive and evaluative informalion to determine
gtreamflow needs lor rccreation.

includes those studies that rely mainly on the judg-
ment ofexperts who applytheirknowledge and pa-t
experience plus perhaps some current onsite inves-
tigation in the course of the study. While rnany of
these studies incorporate informal interviewing of a
limited number of selected individuals, there is no
concerted attempt to survey the user population or
to systematically assess several alternative flow
levels. The secondgroup includes those studies that
use a systemic assessment of a range of flows, each
experienced by the same individuals. While all of
these studies used a small number of subjects, and
some included only a small group of experts, the
uniqueness and promise of this approach warrants
keeping it as a separate category. The third group
includes studies employing formal surveys of the
user population. The fourth group includes those
studies based on mechanical measurement. where
little or no subjective judgment was used.

Studies emphasizing formal surveys to obtairi
user judgments are further subdivided into three
g'rloups, depending on whether user responses were
obtained for (1) experienced flows where each re-
spondent experienced only one flow level, (2) flow
levels depicted photographically, or (3) flow levels
described verbally.

Within several of the groups, studies may have
focused on determining minimally acceptable flows,
on the relation offlow to recreation quality over the
full range of flows, or on both minimum and opti-
mum flows. Most of the studies or methods empha-
sizing minimum flows are based on the expert
opinion approach. Studies emphasizing the full
range of flows used a variety of methods; nearly all
studies using controlled flows or public surveys
focused on the full range of flows.

While some studies frt naturally into one of our
categories, others did not. Some studies used more
than one method (such as expert opinion for one
activity and controlled flows for another) and were
catngorized rather arbitrarily. And the distinction
between use of a small sample and a formal user
survey was not always clear, forcing us to draw a
somewhat arbitrary line between the two groups.

Studies Relying Mainly on Expert Judgrnent

Some studies of the relation of recreation to
streamflow have focused only on determining the
minimum flows considered necessary for the rel-
evant recreation activity. These studies have tended
to rely on expert judgment as the source of evalua-
tive information. Focus on minimum flows is per-
haps realistic where recreation is given little impor-
tance relative to other water uses, and managers
would have a difficult time requesting more flow
than the minimum necessary.

Condit ions necessary
for experience

Relationship of
f lows to

experience

Phn to achieve
minimum or

optimum flow
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Emphasis on Minimum Flows

Hyra (1978) developed two methods for assessing
streamflow needs for recreation, and one of them
focuses on minimum flows. His "single cross section
method" is based on the assumption that a single,
properly located cross-section can define minimum
flow requirements. By choosing the shallowest area
along a stream reach, one can ensure boat passage
by providing at least the minimum required depth
at this location. Other variables, such as travel
time, are not considered. This approach is only well
suited where a quick assessment of rninimurn flow
is needed, and to activities such as boating, where
a single critical reach can be identifred to represent
the entire section under study.

Most ofthe Bureau ofland Management instream
flow studies have utilized user surveys. The frrst
study, however, was on the remote Beaver Creek
National Wild River in Alaska (Van Haveren et al.
1987), where it was not possible to sample the user
population because access is by plane, use is low,
and the agency has few records with user names
and addresses. Flence, expert judgrnent and freld
reconnaissance were used, along with interviews of
managers and a few experienced river users, to
deterrnine the relation ofrecreation to streamflows.
Although the river has no whitewater, flows af-
fected floatability in terms of ability to get down the
river with a reasonable number of portages or "'boat
drags.'Flows also affected the time needed to float
the river, and the flexibility and time for other
activities. All ofthese attributes required minimum
flows, below which the quality of recreation experi-
ences was clearly impaired.

Jackson et al. (1987) also looked at esthetics of
flows in their study of the San Pedro River in
Arizona. They judged that recreationists would
clearly prefer some visible water to a dry stream-
bed, but that higher flows providing visibly moving
water (rather than stagnant pools) with accompa-
nying sounds would be the most-preferred situa-
tion. Still higher flows that frlled the low-flow wash
impaired the esthetic diversity associated with water
flowing in a,sand wash. Results emphasized mini-
mum flows considered necessary to maintain an
esthetically pleasing environment.

Recently, Corbett (1990) developed a statistical
relation of minimum boating flows to mean annual
flows. He presents data from 45 rivers showing
'canoeing zero'flows, defrned as the flow where an
open canoe'touches gravel bars lightly in shallow
areas two or three times without slowing down,'
assuming the person paddling is a skilled technical
paddler "accomplished in reading water on very
shallow streams.' Canoeing zero flow was esti-
rnated from the personal experience ofthe author
and his acquaintances, selected interviews, and

reference to selected canoeing guide books. Corbett
also collected U.S. Geological Survey data on mean
annual flow for each river. Regression ofcanoeing
zero flow on mean annual flowresulted in a formula
that appears in a graphic presentation to quite
accurately specify the relation between these two
variables (statistical measures of association were
not reported). More recent, as yet unpublished,
work by Corbettlo indicates that some of the disper-
sion in his two-dimensional relation can be ac-
counted for by distinguishing between whitewater
and calm-water rivers (i.e., accounting for bottom
roughness) and standardizing the Iocation of flow
measurement to a common point (e.g., the begin-
ning) of each relevant stream reach.

Emphasis on Full R^ange of Flows

H5rra's (1978)'incremental method" more com-
pletely defines relations between instream flow and
recreation than is possible with the simpler'single
cross-section method." IJsing a simulation model
that parallels techniques employed in frshery habi-
tat analysis, the incremental methodhas four steps:
(1) computer simulation of the depth and velocity of
a stream reach based on cross-sectional transect
data,(2) use ofthe computerized model to develop a
matrix showing the amount of surface area of the
stream at different combinations of depth and ve-
locity, (3) determination of composite "probability
of use' (PU) for each combination of depth and
velocity by multiplying the PU for the depth by the
PU for the velocity, and (4) calculation of 'weighted
usable surface area" by multiplying actual surface
areas for a given depth and velocity combination
(from step 2) by the composite PU for areas with
that depth and velocity combination (from step 3).
The result is given in terms of area (e.g., square feet)
for a given depth and velocity combination. The
actual surface area of the depth and velocity combi-
nation is converted into a weighted usable surface
area that may vary from IOOVo of the original area
if composite PU is 1.0, to near 0 if composite PU is
very small. Assuming a linear relation of recreation
quality to surface area, FISrra concludes that if two
different flows produce the same weighted usable
surface area, they are equal in recreation'poten-
tial." Hyra's approach is notable for its attempt to
account for the spatial element of the recreation
environment.

Hyra's method is based on the following assump-
tions: ( 1 ) depth and velocity are the two most impor-
tant streamflow characteristics for determining
recreation quality; (2) it is possible to determine
minimum, maximum, and optimum depth and ve-

'oPresented at the workshop, "lnstream Flows and Recreation" at
Oregon State University in March l9gl.
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Tabls 2. - studios dstsrmining relations b€twe€n rocr€ation-related variables and flow.

Author
(Drta)l

Rlvor
(Strte)

Actlvlly JudgeiMethod Reprerentatlon
of condltlon!

Depondent
varlable2

Relatlonr

1\)

DIRECT EFFECTS

Eayha & Koski
(1 974)

Bishop et al.
(1 e87)

Erown & Oaniel
(1 991 )

Corb6n
(1seo)

Oaub€rt & Young
(1 981 )

Dutfield €t al.
(1 991 )

EA Eng.,Sci, Tech
(1eeo)

EA Eng., Sci, Tech
(1 s91 )

Gam
(1 986)

Gitten & Parkin
(1 9s1 )

Hawkins
(1 97s)

Humphrey (WA)
(1973 unpublishod)

Humphrey [fVA)
(1983 unpublished)

Hyra
(1 e78)

Johnson & Adams
( 1 988)

Litton
(1 e84)

Milhous
(r99O)

Snake
( ldaho)

Colorado
(Arizona)

Cache La Poudre
(Colorado)

45 rivers
(s€veral)

Cache La Poudre
(Colorado)

Big Hole
(Monlana)

Bittonoot
(Monlana)

Clavey
(Califomia)

McKenzie
(Oregon)

Red
(New Mexico)

Kenn€boc
(Maine)

s€v€ral stroams
(Utah)

Ochoes
(Tannossso)

Bsar Cr6ek
(Alabama)

NA

John Day
(Oregon)

Toulumn€
(Califomia)

Salmon
(New York)

Onsile activity
and discussion

Mail survey

Offsile interview

Review guide
books and technical
retergnces,
onsit€ intorvi€w
and insp6ction

Onsit6 interview

Onsilo Interview

Offsite interview

Onsito activity

Acoustical equip.

Onsile aclivity
and €valuation

Acoustical equip.

Onsit€ activity
and discussion

Onsilo activity
and discussion

Prof.,udgm6nt

Onsito intorview

Prof. judgment

Prof. judgment

Controll6d flows
(5 lev8ls)

Vorbal descriplion

Video sequ€nc€s
(8 flow levels)

Actual flows

Photos
(8 flow l€vels)

Actual flow

Actual llow

Vid€o sequonces
(8 lavels)

Controll6d tlows
(3 lev6ls)

Actual flows

Aclual flows
(6 lsv€ls)

Actual flows

Conkolled flows
(3 lovols)

Controllod llows
(3 levels)

NA

Vorbal dsscription

Photos
(10 flow lovels)

Sit6 visit

Powor boating
Swimming, wading
Shorelin€ use
Viewing
Ww boating
Fishing

Rafting
Ratting
Fishing

Viewing

Canoeing

Fishing
Shor€line use
Ww boating

Fishing

Fish & shoreline

Swimming

Boating

List6ning

Boating
Fishing

List6ning

Ww boating

Canoeing

Flshing,
boating,
water contact

Fishing

Viewing

Fishing,
boating,
watgr contact

6 sp€cialisls
6 spocial str;
6 sp€cialrsts
6 specialists
3 sp€cialists
7 specialists

286 guideYleaders
506 recreationists
235 r6crealiontsls

198 general  publ ic

Experts and
experiencad
recreationists

49 recreationists
45 rocreationists
40 recreationists

590 r€crealionists

319 recrealionists

6 spocialists

10 users

NA

15 users
2 users

NA

About 30 ussrs

About 10 users

Author

62 recrealionisls

Author

Author

Rec. quality
Rec. quality
Rec. quality
Esthetics
Rec. quality
Fishing succ6ss

Prelerence
WTP/trip
WTP/lrip

Scenic beauty

Boatability

Total WTP/day
Total WTP/day
Total wTP/day

Visits/day
Total WTP/day

Visilgday
Total wTP/day

Suitability

Suitability

Decibels

Rec quality
Rec quality

D6cibels

Rec. quality

Rec. quality

Suitability

Total WTP/year

Visual quality

Suitability

Strong ett€cls
Strong effocts
No €ffect
Minor etfect
Concavel
No ettect

Concave
Concave
Concavg

Concave

Minimum tlow only

Concave
Concave
Inc. linear

Concave
Concave

Concave
Concava

Concave

Various d€pending
on cratt

Inc. at dec. rate

?
?

Concave

Concave

Concavg

Concave or inc.5

Increasing or doc.6

Concave

Concave or inc.



(D

Moore et al.
(19s0)

Narayanan
( 1 s86)

Nestl€r el al
( 1 986)

Shelby et at.
( 1 seo)

Stender (USFS)
(1 972 unpublished)

Van Havorgn gt al.
( 1 s87)

Vandas et al.
(1seo)

Walsh ot al.
(1 980)

Ward
(1 987)

Watson
(1 985b)

Williams
(1 s91 )

INDIRECT EFFECTS

Jackson ot al.
(1 987)

Van Haveron et al.
( 1 987)

U.S. Dept. of Interior
(1 988)

Aravaipa Creek
(Arizona)

Blacksmith Fork
(Utah)

Chanahoochee
(Georgia)

Gulkana
(Alaska)

Fall
(Califomia)

Beaver Creek
(Alaska)

Dolores
(Colorado)

Hom€stako, Frying
Pan, & Eagle
(Colorado)

Crystal, Roaring
Fork, & Colorado
(Colorado)

Roaring Fork,
Colorado, & Yampa
(Colorado)

Chama
(New Mexico)

Fish & boat

American
(Califomia)

Cache La Poudre
(Colorado)

San Pedro
(Arizona)

Eeaver Creek
(Alaska)

Colorado
(Arizona)

Mail survey

Onsile interview

Prof. iudgm€nt

Onsite interview

Ottsite intormal
interview

Prof. judgment

Mail survey

Onsit€ interview

Onsit€ interview

Onsite intervi€w

Onsite intervi€w

Onsile activity,
prof. judgment

Ottsile intervi€ws
using D6lphi

Prof. judgmsnt

Prof. judgm€nt

Onsite measurem€nt,
prof. judgment

Aciual florN

V€rbal description

Past €xperionce
and site visit

Aerial photos of
controllod flows
(2 l€vels)

Aclual tlow

Photos

Site visit

V€rbal
d€scription

Vorbal description

Vsrbal description

Verbal description

Photos
(7 flow levsls)

Tolal CS/season

Actual tlows
(4 levols)

Verbal d6scription

Hike & swim

Camp, hike, fish

Several

Shoreline use

Canoeing,
ratting,
ietboating

Viewing

Canoeing

Canoelng,
ww boating

Fishing

Kayaking

Ratting

Fishing
Ww boating

Concave

Boating

Rafting
Kayaking
Canoeing
Tubing
Fishing
Wading

Viewing
Viewing
Hiking

Camping
Vi€wing
Canoeing

Rafting
Camping

665 recroationists

200 recreationists

Pan€ls of specialists

Panel ot specialists

101 trip leaders

Selected individuals

Spscialists,
expen users

128 €xperisnced users

60 recreationists

60 recrealionists

86 recretrtionists

338 recr€ationists
Visityseason

5 specialists

10 specialisls
I specialists
6 specialists
6 sp€cialists
10 spocialists
6 specialists

Specialists

Specialisls

Specialists

Preferred flow

Visits/year

Rec. quality

Availabl€ space

Rec. quality

Esthetic quatity

Floatability

Rec. quality

Total WTP/mi/day

Total WTP/mi/day

Total WTP/mi/day

Visilvseason
Concave

Suitability

Rec. quality
Rec. quality
Rec. quality
Rec. quality
R€c. quality
Roc. quality

Riparian veg.
Reprod. of veg.
Clear bars

Cl€an gravel bars
Depth of view
Channel width

Beaches
Riparian veg.

Concave

Inc. sigmoid

Concave

Minor stfect

Concave

Minimum flow only

Min. flows impt

Concave

Concave

Inc. sigmoid

Inc. sigmoid

Concave

Concave

Concavea
Concava'
Concave.
Concave.
Concavea
Concave'

Min. flows impt.
High flows impt.
High flows impt.

High tlows impt.
High flows impt.
High flows impt.

Dam operation impt.
Dam opsration impt.

Sito visit,
modeling

Sits visit,
modeling

Sits visits,
modeling

t^Publication dato. or year of study lor unpublished efforts.
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locity cornbinations for recreation actiwities; and (3)
recreation "potential" is best expressed in terms of
(weighted) surface area that meets certain depth
and velocity requirements.

'Probability of use,'as the term is used by Hy.a,
does not necessarily imply a survey or estimate of
actual use, and it is perhaps better termed 'desir-
ability" or "suitability." The PU of depth and of
velocity for a recreation activity are represented on
a scale of 0 to 1, where 0 indicates absolute mini-
mum or maximum depth or velocity for recreation
use and 1 indicates optimum depth or velocity.
Minimum and maximum levels are expected to be
determined on the basis of physical limitations.
Optimum levels indicate the range that is pre-
ferred.

PLJ curves of depth and velocity have typically
been delineated by experts. Based on his personal
judgrnent, Hy.a (1978) developed PIJ curves for
different activities, choosing 0.5 as the PU at which
5O7o of the users will consider the depth or velocity
safe for use. Figrrre 2 is a reproduction of FISrra's
curve for boating-canoeing-kayaking. Identifying
the utility of curves showing direct effects of the full
range of potential flow on recreation quality is a
major contribution of H5rra's work.

Fl5rra's incremental method has been applied on
the Chattahoochee River in Georgia (Nestler et al.
1986) and the Salmon in New York (Milhous 1990).
In both of these applications, attempts were made
to calibrate curves for depth and velocity vs. recre-
ation use to specific conditions found on the study
reaches. Flowever, as stated by Milhous (p. 32),
'Future development should include more freld work
to develop criteria. The present criteria are all (with
two exceptions) based on judgment and have been
developed based on discussions with users." In
addition, empirical work is needed to determine
what flow-related river characteristics will best
identify appropriateness of flows for recreational
uses. For example, in the Salmon River study,
Milhous used the'Froude number'as a measure of
river turbulence in establishing kayaking suitabil-
ity criteria.

o.2

Hyra's incremental method was also applied on
the American River in California in an assessment
ofrecreation potential needed for FERC relicensing
deliberations (Watson 1985a). Briefly, previous fish
habitat IFIM work was adapted to estimate recre-
ation "usable area"by revisitingthe earliertransects
and identifyrng additional transects, reassessing
the transects and applying recreation depth and
velocity criteria to them, and then generalizing the
"usable area'findings of the transects to the entire
reach by categorizing the reach into "channel hy-
draulic types." In addition to the IFIM approach,
the recreation assessment relied on direct obserwa-
tion and photographic and video recording ofchang-
ing hydraulic conditions as flow changed, observa-
tions of user behavior patterns, discussions with
local experts, and raft and canoe trips by the study
team (four in rafts, one in a canoe) at four flow levels
rangingfrom 1,500 to2,250 cfs (Watson 1985b). The
IFIM "usable area" approach was determined to be
ofonly secondary usefulness in assessing the rela-
tion of flow to recreation quality. It was less helpful
for boating than for wading and swimming, and
least applicable in narrow channel areas where
only one boat could pass at a time and effective area
became insensitive to flow.11

Williams (1991) based her exarnination of flows
and recreation on the Cache La Poudre River on
expert judgment. For each of six actiwities (rafting,
kayaking, canoeing, tubing, frshing, and wading),
some of which were represented by up to four
different skill levels, from 6 to 1O local experts
specified by a Delphi process the minimum and
maximum flow levels, and the optimum flow range,
on relevant stretches of the Poudre. While the
Poudre receives considerable use, the limited scope
ofthis effort precluded a user survey.

Systerratic Assessrnent of a [Lange of Flows
Judged by Each Participant

Systematic assessment of a series of flow levels
requires that these levels be experienced or other-
wise depicted over a short period so that the frame
of reference of the participants remains relatively
constant. This can be accomplished by capturing
the flow levels on frlm or by controlling the flows.

Flow Levels Depicted Photographically

To examine the relation of flow to scenic beauty,
Litton (1984) reviewed photographs taken at vari-
ous flow levels from several photo points along two
California rivers. He concluded that some segrnents

" Personal communication. Chuck Watson. W RC- Envi ronmental, Sac-
ramento. CA. 1991 .
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of a stream show more visual response than others
as flow volumes fluctuate, and that'at both flood
stage and lowest stage, it can be expected that
aesthetic quality is diminished." Negative effects of
abnormally high flows include'drowning out the
contrasts between riffles and pools, masking appar-
ent differences of velocity with the impression of a
single kind of movement,' and disappearance of
islands and bars. Negative effects of low water
include loss of vitality with reduction or loss of
whitewater, a condition of abandonment suggested
by stranded features, and the loss of vividness of
contrast between pools and flowing water.

Swimming suitability along the Clavey River
near its confluence with the Tuolumne River in
California was assessed in preparation for FERC
deliberations about a proposed dam (EA Engineer-
ing, Science, and Technolory 1990). During the
summer of 1988, study participantp swam in each of
lO4ools at eight different flow levels ranging from
8.to 385 cfs. Each event was videotaped and later
shown to a panel of six judges who rated the condi-
tions for swimming suitability. The panel's assess-
ment of flow suitability was plotted and summa-
rized as "acceptable'from 10 to 250 cfs, 'optimal"
between 20 and 5O cfs, and'unsafe'above 350 cfs.
flowever, in late summer aft,er several weeks of
flows below 20 cfs, water quality declines so that
such flows also become unacceptable.

Controlled Flows

IJpstream dams offer a unique opportunity to
provide a range of actual flow levels over a rela-
tively short period. Where the cooperation of dam
operators has made this approach possible, it has
clearly contributed to understanding flow-recre-
ation interactions. T\ro early studies in which con-
trolled releases were used were reported in the TVA
section. Another early study was the multiagency
effort to evaluate flows on the Hells Canyon section
of the Snake River (Bayha and Koski 1974). The
study team arranged for several flow levels ranging
from 5,OOO to 27,OOO cfs from Hells Canyon Dam
over a 5-d4y period, with representatives from a
variety of disciplines (e.g., hydrolory, fisheries, rec-
reation) observing a wide range of impacts. Recre-
ation impacts were monitored at seven sites along
the river. In addition, a whitewater assessment
team ran the river at the different flow levels and
described effects on rapids, while a power-boating
team distributed evaluation forms to a few power
boat operators and also chartered a boat of their
own. Assessments of streamflow effects were pri-
marily limited to team members' descriptions of
beach, water, and boating conditions at the differ-
ent flow levels. However, the study is noteworthy

for its actual manipulation of the independent vari-
able (flow from Hells Canyon Dam), and for its
effort to Iook at effects of flows on a variety of
resource values in an integratedmanner. This study
also addressed esthetics. The principal esthetic
element noted was the negative effectofexposure of
green algae on rocks and shoreline at lower flows.
Also mentioned was the decrease in turbulence of
the flowing water at low flows, but apparently the
authors were not in complete agreement about
whether this decreased esthetic quality.

Controlled flows were also used in 1990 alongthe
McKenzie River in Oregon to study boating suit-
ability (EA Engineering, Science, and Technology
1991). Three flow levels were floated on separate
day-long trips during the same week. Ten selected
individuals, ranging from novice to expert, partici-
pated in each trip, floating the river in a drift boat,
canoe, raft, orkayak. Each of11 sections ofthe river
were evaluated by each participa;i; using a stan-
dardized response forrn, with no discussion among
panel members regarding their evaluations. In ad-
dition to the controlled flow evaluation, recreational
boaters were videotaped at selected locations on
several days during the boating season, and visitors
were asked in a survey to evaluate the flow level
they encountered on their trip and the 'overall
quality of today's boating experience." Results
showed that, within the range from about 500 to
1,050 cfs emphasized in the study, flow preferences
differed by craft,. Drift boat and rafting quality
steadily improved with increased flow on the two
key study reaches, kayaking quality steadily im-
proved on one reach and peaked at about 7OO cfs on
the other, and canoeing quality peaked at about 850
cfs on one reach and was rather constant for all
flows on the other. Drift boat suitability was most
sensitive to low flows. Low flows provided opportu-
nities for unskilled boaters, who did not feel safe at
higher flows. fnterestingly, user satisfaction was
largely dependent on boater skill level, experience,
and expectations. While statistically signifrcant
overall flow preferences were obtained for specifrc
craft in specific reaches, the flow level, within the
range of flows studied, was not a major determinant
of trip satisfaction. Further, different flows favored
different craft and individuals, suggesting that some
variety in flows over the season might best meet the
needs of the user population.

In perhaps the most concerted field evaluation of
alternative flows so far, Central Maine Power Cor-
poration provided a range of flows over the summer
of 1990 in the SYzmile long East Outlet of Moosehead
Lake. at the headwaters of the Kennebec River in
western Maine. The objective was to determine the
necessary and optimal flows for boating and frsh-
ing,  in preparat ion for  an upcoming FERC
relicensing deliberation. This study incorporated a
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ttrree-pronged approach (Giffen and Parkin 1991).
The first approach utilized controlled flows on two
separate l-day occasions. For the boating assess-
ment, on each occasion, six different flow levels
were provided, ranging roughly from 9OO to 5,500
cfs. These differentflowlevels were floatedby about
15 people in rafts, kayaks, and canoes. Participants
included local boaters. Park Serrrice and Central
Maine Power representatives, the study team, and
a commercial rafter from another part of the coun-
try, with no stake in the outcome. Participants were
encouraged to take detailed notes ofeach flow level.
On the first occasion, boating participants discussed
each float trip as a group, while on the second, group
discussion was discouraged and participants pro-
vided independent written evaluations of the alter-
native flow levels. Forthe frshingassessment, which
occurred only once following the frrst boating as-
sessment, flows of from 600 to 1,600 cfs were fished
by two anglers in different locations. Anglers'com-
ments were recorded onsite by accompanying mem-
bers of the study team. In addition, key points of the
stretch were videotaped at each level as partici-
pants floated by, for later careful review by the
study team.

The second approach was an onsite survey of
users overthe course ofthe summer, in conjunction
with controlled releases to create flows from about
1,000 to 3,500 cfs, which were announced ahead of
time. About 1,300 respondents were asked, among
other things, whether the flow they encountered
that day was'about right," or whether they would
have preferred higher or lower flows. The third
approach was to record use levels for each activity
over the same summer period.

These three approaches tended to support each
other, and the study team found that using three
approaches markedly improved their understand-
ing of the issues. In particular, the field evaluation
facilitated interpretation ofthe survey and obser-
vation results. In general, the study showed that
many users were unaware of the flow level before
they arrived at the site and were tolerant of
nonoptimum flow levels (Giffen and Parkin 1991).
Specifrc findings of the effect of flows on recreation
quality have not yet been released.t2

Studies Employing lJser Surveys

The bulk of the studies have relied on user sur-
veys, of various sample sizes, to obtain judgrnents
about the relation of flows to recreation-related
variables. These studies are categorized here into
three subclasses, based on whether they used pho-
tographic media, verbal descriptions, or actual flows
to represent the conditions ofinterest.

'2PeBonal communication, Dan Muller, BLM, Denver, 1991.

While most of these studies focused directly on
recreation or scenic quality, several measured the
economic value of riverine recreation. Economic
value measures can indicate recreation quality, but
also provide an indication of the importance that
users place on the loss of recreation quality as flows
deviate from the optimum level (curves of recre-
ation quality alone give no idea of the value of
changes in quality). In addition, measures of eco-
nomic value can facilitate decision-making if the
values of competing uses of streamflow are also
expressed in monetary terms.

Experienced Flow Levels, Only One per
Participant

Ifeach participant cannotbe brought to each flow
Ievel, another approach is to record the actual flow
experienced by the participa::t during the trip on
which the interview occurred, and then statistically
relate user responses to measured flows. This re-
quires a much larger sample of users than the
condition where each participant can experience all
levels over a short period in the course ofthe study,
but in some cases it is the only option available for
a study of experienced flows. Three studies have
used this approach.

Moore et al. (1990) surveyed by mail visitors to
Aravaipa Canyon Wilderness in Arizona, which
contains one of the few relatively pristine perennial
desert streams in southern Arizona. Visitors were
asked whether they preferred the flow volume they
encountered, or would have preferred higher or
lower flows. These responses were compared with
gauged flow at the time of the visit, revealing that
visitors generally preferred average flow levels (28
cfs) over lower and higher flows. At lower flows,
swimmingholes were less useful, mats of algae and
other aquatic plants were exposed, and some pools
became stagnant. At higher flows, minor flooding
occurred. Visitors were also more likely to purify
the stream water before drinking it at times of
below-median flows, indicating a perceived degra-
dation in water quality with low flows.

The Gulkana River (Shelby et al. 1990), a Na-
tional Wild River that supports a diverse frshery
with king salmon, red salmon, rainbow trout, and
grayling, is unusual amongAlaskan rivers because
it offers a multiday backcountry canoeing trip with
road access to both the put-in and take-out points.
As with Beaver Creek, a major study objective was
to determine minimum flows needed to make it
possible for river runners to get down the river and
negotiate rapids without too much time spent drag-
ging boats offthe rocks.

The Gulkana offers three differenttypes of recre-
ation experiences, each with different flow needs.
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One section of the river contains a half mile of class
3-4 whitewater; to provide high quality whitewater
there requires 3,OOO cfs. The rest of the river offers
easier, class 2 whitewater suitable for family or
novice canoeing; this requires 2,100 cfs so that
boaters with minimal skills can negotiate the river.
Finally, the river is used by a group of relatively
'hard core" boaters who are highly skilled and do
not mind extensive boat dragging and portaging;
this requires 1,400 cfs. Onsite interviews offloaters
at the take-out over the entire season were used to
gather evaluative information. Based on these in-
terrriews, field reconnaissance, and expert judg-
ment, the study team then developed a schedule of
flow needs, with minimum winter flows to maintain
the frshery, high springflows forchannel and ripar-
ian maintenance, high flows just after breakup for
whitewater boating, moderate flows during the
summer for family-novice canoeing, and minimum
flow: for hard-core drag boating d-ring the fall
hunting season.

Duffreld et aI. (1991) employed a dichotomous
choice, contingent valuation survey on two Mon-
tana rivers to estimate users' additional willing-
ness to pay (WTP) for their current recreational
experience, and compared those responses to actual
flows at the time of the interviews. On the Bitter-
root River, actual flows were related to both partici-
pation rate and additional WTP, while on the Big
Hole River flows were related only to participation
rate. In both cases, a concave or inverted'pr" (1o the
flow axis) relation of total recreationists'WTP per
day to flow was found, with economic value increas-
ing to a point and then decreasing as flows in-
creased further.

Photographic Media

Photos can greatly facilitate the representation
of environmental conditions to respondents. They
have been used extensively in the assessment of the
scenic beauty of forests (Ribe 1989) and other envi-
ronments. Photos allow a full range of conditions to
be shown to a respondent at the same time, and they
have been shown in many studies to rather faith-
fully depict the actual scene (see Shuttleworth
(1980) on photo validity).

Perhaps the frrst effort using photos to represent
alternative flow levels was conducted by the USDA
Forest Serrrice on the FalI River in California in the
early 1970's. Photos that depicted Feather Falls at
various levels were shown to an informal sample of
people. While this study focused on minimum flows,
it is mentioned here because of the early use of
photographic media to depict a range of flows.

The first formal user survey using photos to
depict streamflow was part of an economic study.
Daubert and Young (1981) used the contingent
valuation method (CVM) to estimate willingness to

pay for instream flow for kayakers, anglers, and
shoreline users on the Cache La Poudre River in
Colorado. Respondents were shown photographs
depicting flows of50, 100, 200, 350, 400, 600, 850,
and 1,150 cfs and were asked about theirWTP. For
anglers and shoreline recreationists, WTP increased
to a point (500 and 750 cfs, respectively), then
decreased. Kayakers indicated a positive WTP for
additional water at even the maximum flow level
considered in the analysis. Flow was more impor-
tant for water-dependent activities than it was for
water-enhanced activities; flow explained about
45Vo of the variance in willingness to pay among
kayakers, but only 2OVo arnong anglers and 1Vo
among shoreline recreationists. The study also sug-
gested thatwater may have more value for instream
recreation use than for irrigation at low-flow times.

In another economic value study, Ward (1987)
constructed a model for water mana-gement agen-
cies to use in choosing instream flow augmentation
to maximize net recreation benefits. The problem
was to assess trade-offs between winter reservoir
releases, which avoid evaporation loss, and late
summer releases, which enhance recreat ion.
Recreationists were divided into two groups, an-
glers and boaters, and demand was modeled for
each group at each flow level. Respondents were
asked onsite for their estimated participation rate
for each ofseven flow levels depicted by color photo-
graphs. The travel cost method (TCM) was used
with these data to value streamflow augmentation
for each flow rate. Then a d5mamic programming
model was developed for the City ofAlbuquerque to
optimally allocate reservoir releases to New Mexico's
Rio Chama over the whitewater season. The study
results provide quant i tat ive information on
whitewater recreation demand associated with vari-
ous flow levels, angler and boater demand func-
tions, and benefrts as a function of streamflow.

Brown and Daniel (1991) investigated the rela-
tion of flow to public perception of river corridor
scenic beauty. Because flow movement and sound
may play a role in the beauty of river scenes, they
used video sequences to represent different flow
levels. Respondents rated the scenic beauty of video
sequences ofthe Cache La Poudre Riverin Colorado
that showed flows ranging from 120 to 2,650 cfs.
Ratings were scaled to an interval-scale metric of
scenic beauty that was regressed on variables de-
scribing flow and other scene features. Flow ex-
plained tOVo tn 25Vo of L}re variance in scenic beauty
estimates. Perceived scenic beauty increased as
flow increased up to atlout 1,100 to 1,500 cfs, then
fell as flow increased further (frg. 3).

Verbal Descriptions

Several studies have used verbal descriptions to
represent alternative flow levels to respondents.
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Four of these studies focused on economic value as
the dependent variable (for more on economic stud-
ies, see Ioomis (1987) and Douglas (1988)). The
first study surveyed users ofnine rivers on the West
Slope of the Colorado Rockies (Walsh et al. 1980).
This study added a procedure for estimating the
effects of congestion, arguing that streamflow has
both a qualitative and quantitative effect on recre-
ation. Respondents were asked their maximum
WTP (above and beyond travel costs) to reduce
congestion. Changes in hypothetical WTP were
then estimated at frve different instream flow lev-
els. The study concluded that instream flow has a
substantial effect on total benefrts, and warned that
instream flow benefrts may be underestimated be-
cause they are 'use' values and do not include
option and existence value (see also Sanders et al.
(1990) and Douglas and Johnson, in press).

Narayanan (1986) interviewed visitors to the
Blacksmith Fork River in Utah, obtaining informa-
tion necessary for applying the TCM, along with
visitors' judgments of the percent of existing flow at
which they would cease to visit the site for the
season. An increasing S-shaped relation ofoverall
visitation to flow was derived, varying from no
visits at zero flow to IOOVo of actual visits at the
above-average flows that occurred during the inter-
wiew season. Estimates were not obtained for flows
above those experienced duringthe interviews. The
hypothetical visitation schedule was used along
with a TCM-based demand function to indicate an
S-shaped increasing relation of total annual WTP to
flow.

Johnson andAdams (1988) combined a steelhead
production model with an onsite contingent valua-
tion survey of steelhead anglers'WTP for fishing as
a function of posited catch rates. The combined
model gave the economic value of steelhead frshing
as a function of seasonal flows that occurred during

-70
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Figure 3.-Sc-enic beauty changes with llow based on multiple regres-
slon model ol public's scenic prelerenses on Cache La Poudre
Rlver, Colorado.

spawning (5 years earlier). Aggregate angler WTp
was expressed by season; it increased (at a decreas_
ing rate) for previous summer and winter flows, and
decreased (at a decreasing rate) for previous spring
flows. The implications of this information foi wa-
ter management were then discussed.

In the Grand Canyon, Bishop et al. (1982) identi-
fied direct effects of water release patterns from
Glen Canyon Dam on river recreation (both river
running and frshing). The descriptive component of
the study identified the specific aspects of the recre-
ation experience affected by instream flow. The
evaluative component used preference data and the
CVM to show the effects of flow on recreation value.
Expert opinions of river guides and trip leaders
were also used as evaluative input (HBRS 1986).
First, an attribute survey sampled passengers on
commercial river trips, most of whom had little
river running experience, either generally or in
Grand Canyon. Resrrlts identified important char-
acteristics of the whitewater trip in general and of
rapids and campsites in particular.

The next step was to determine which of these
trip attributes were related to streamflows, and for
them, the exact relation. The Grand Canyon study
made it clear that inexperienced users are not
particularly helpful in this regard; even if they
noticed changes in flows, they were not readily
aware of how these changes affected trip attributes.
The survey of commercial guides and noncommer-
cial trip leaders solved this problem, since most had
run numerous Grand Canyon trips at a variety of
flow levels, and they were specifrc about the effects
of flows on trips.

Among the guides and trip leaders, there was
substantial agreement about minimum, maximum,
and optimal flow levels. Trip characteristics related
to flows included running the river safely with
passengers, quality ofride for passengers, access to
and use of campsites, availability of camps, time
spent traveling on the river, access to and use of
attraction sites, time available for stops at attrac-
tions, quality and difficulty of rapids, flexibility in
running the trip, ability to avoid other parties, and
accidents. Survey data were used to generate curves
showing the direct effects of flow levels on these
variables. For positive attributes such as the over-
all best level or the quality ofride for passengers,
evaluations were lower at very low and very high
flows, with the highest evaluations at flows of
around 25,OOO cfs (fig. 4). For negative attributes
such as accidents or passengers hawing to walk
around rapids, there were more problems at very
low or very high flows (fig. 5). In addition, moderate
daily fluctuations in flow were acceptable to most
guides, and predictability of flow was a primary
concern in their efforts to mitigate the effects of
flows on their trips.
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The Grand Canyon study used the CVM to esti-
mate monetary values associated with different
flow regimes. This parb of the project showed that
relatively low flow regimes produced the greatest
benefit for anglers, while higher flow regimes pro-
duced greater benefrts for whitewater boaters. As
the peak seasons for these two types ofuse occur at
different times of the year, it was possible to work
out combinations of flow regimes that produced an
optimal combination of benefits. The study also
explored the issue oftrade-offs between usingwater
for recreation versus power generation.

Thewild riversection (belowMcPhee Dam) ofthe
Dolores River in southwestern Colorado was stud-
ied by Vandas et al. (1990). As with the Grand
Canyon study, a sun/ey of experienced river users
provided evaluations that made it possible to de-
velop curves (frg. 6) of the relation between flows
and recreation quality (Shelby and Whittaker 1990).
There are several interesting differences between
the Dolores and the Grand Canyon studies. First,
there were major differences in flow needs for dif-

Flow (cfs)

Figure 6.-Flow evaluations on the Lower Dolores River.

fere nt boat t5ryes. Canoeing (in nonwhitewater boats )
required considerably less water than rafting or
kayaking (in whitewater boats), and kayakers
shovled less tendency to decrease their evaluations
at the highest flow levels considered in the study.
Second, there were distinctly different recreation
experiences. Scenic boating that uses the river as a
waterway for transportation requires less water
than whitewater boating, where rapids and river
hydraulics become an important part of the experi-
ence. Third, there was a distinct difference in flow
needs between minimally acceptable whitewater
and optimal or high quality whitewater. Finally,
the prior commitment of much of the natural flow
for irrigation required the study team to develop
alternative flow scenarios that involved trade-offs
between different resource values, as well as pos-
sible mechanisms to obtain rights for more water.

Studies Using Mechanical Measurement
of Descriptive Efffects

Two studies of sound, an esthetic feature of riv-
ers, used a mechanical device (a decibel meter) to
provide a purely descriptive measure. Ffawkins
( 1975) measured noise level and flow rate at several
streams in Utah. He found a nonlinear relation of
sound to flow. Above a minimum threshold flow,
noise was noticeable; as flow increased, the noise
level increased to some maximum level (where
many outfalls and impediments to flow create
whitewater); with further increases in flow the bed
elements became submerged and the noise level
dropped. Garn (1986) adapted this methodolory to
measure sound output at various flow levels at a
river stretch in New Mexico. He also found a
nonlinear relation. Sound level rose sharply with
flow up to about 5O cfs, and then rose more slowly
over the remaining flow range assessed. Garn rec-
ommended that, from the esthetic standpoint, flow
should be at least 50 cfs.
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INDIRECT EFFECTS OF FLOWS ON
RECREATION

In addition to the direct effects described above.
streamflows have a number of indirect or long-term
effects. Some have long been recognized and are
well documented. For example, flows affect frsh
reproduction and survival, and the quality of the
fishery can have a profound effect on recreation
experiences; Hyra ( 1978) noted that in early studies
it was even assumed that recreation values could be
protected simply by providing enough water to
maintain the frshery. Although the field is clearly
more sophisticated now, the point remains that
flow has important indirect effects on recreation.

The Beaver Creek study (Van Haveren et al.
1987) showed that high flows affect a number of
characteristics ofthe stream channel and riparian
zone, which in turn affect recreation quality. The
high flows that occur with ice breakup in the spring
are responsibleforthe open gravel bars thatline the
riverbanks. Gravel bars that have not been scoured
by recent high flows quickly grow alder thickets
close to the water's edge, forming'walls'and even
a partial canopy above the river, which limits scenic
vistas and the likelihood of seeing wildlife. Hiking
opportunities are also limited to forcing one's way
through alders, rather than walking on open gravel
bars. Gravel bars also provide clean, unlittered
campsites close to the river, with scenic vistas and
well-drained, vegetation-free flat areas for tents;
they are also the only areas relatively free of swarms
of insects. High flows keep the channel relatively
free of debris and sweepers (stationary over-hang-
ing or submerged tree branches), which are both
dangerous and an impediment to canoe travel. The
formation ofmeanders, associated with gravel bars,
also facilitates other river corridor processes, such
as vegetation succession and formation of oxbows
and sloughs.

Fishing is another key component of float trips on
Beaver Creek. Anglers fish from gTavel bars, which
require high flows for maintenance. The quality of
the frshery also requires high flows that maintain
channel morphology features such as pools and
sloughs, as well as minimum low flows that sustain
frsh through the dry summer months. Fishing is a
resource value that shows an obvious interdepen-
dencybetween flows, channel morphology, the fish-
ery, and recreation, underscoringthe need forinter-
disciplinary approaches to instream flow needs
assessment.

Another study, on the San Pedro River in Ari-
zon.a. shows other indirect effects of flows on recre-
ation attributes (Jackson et al. 1987). The San
Pedro is a small desert stream with virtually no
recreational boating opportunities; it was desig-
nated as a Riparian National Conservation Area

primarily because it has a relatively unspoiled
riparian ecosystem. Recreation quality is tied to the
presence of flowing water, the relatively natural
setting, the presence of flora and fauna, and the
opportunities for hiking and camping. Low flows
are necessary to provide direct esthetic effects of
flowing water, as well as to provide the indirect
effects of maintaining the riparian vegetation and
related wildlife. The riparian vegetation that sup-
ports wildlife also provides shade, a rare and valu-
able commodity in the desert.

High flows clear areas ofvegetation, which other-
wise would be overgrown by dense stands of willow
and tamarisk, except where large cottonwoods
maintain an open understory. Open areas provide
varied scenery and allow scenic views. They also
provide a 'corridor' through which visitors can
travel in the river channel, walking on sand and
gravel bars, with occasional river crossings. This
allows pleasant hiking and close interaction with
the river and riparian ecosystem, a primary reason
for the San Pedro's designation as a Conservation
Area. Open areas scoured by high flows also provide
clean, unlittered campsites, with flat areas for tents
and good views of scenery and wildlife. Stream
channel morphology, specifrcally the role of occa-
sional high flows in maintainingthe ability of chan-
nels to fulfrll various functions, is currently receiv-
ing increased attention.

In addition to scouring effects, streamflow rates
determine the sediment load that can be carried
and the rate ofdeposition in creating sandbars and
other features desirable for recreation uses. The
National Park Service and U.S. Geological Survey
have an ongoingconcern with maintenance ofsand-
bar campsites in the Grand Canyon (see several of
the'Glen Canyon Environmental Studies" techni-
cal reports prepared by agencies of the U.S. Depart-
ment of Interior (1988)). Glen Canyon dam, up-
stream from the Grand Canyon, creates a still-
water pool into which the Colorado River drops
much of the sediment that might be deposited at
sandbar and tributary junction sites in the Grand
Canyon.

USE OF RECREATION.FLOW
INFORMATION IN DEC I SION.MAI{ING

We do not intend to discuss the complex freld of
multiobjective decision-making. However, we will
briefly discuss the potential role of information
about the relation of recreation to flow in the diffi-
cult task of deciding on a recommended streamflow
regime.

In nearly all situations where managers have
some control over flows (by reservoir management
or diversions), there are competing water uses.
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Ofben, several uses compete in the determination of
flow regimes (frg. 7). Each use rnay call for a differ-
ent flow regime.

Requests for different objectives can be combined
in a variety of ways into different flow management
scenarios, each of which produces unique combina-
tions of resource benefrts. For some examples, see
the interdisciplinary studies by Van Ffaveren et al'
(1987), Shelby et al. (1990), and Vandas et al.
(1990).

Choice of a frnal flow regime requires managers
and other decision-makers to balance competing
demands, costs, and benefits. This requires evalua-
tive information about management objectives (in-
dicating the kinds of opportunities managers want
to provide) and standards (specifyingthe conditions
managers consider necessary to provide those op-
portunities). Controversy over resource manage-
ment issues usually centers on the evaluative di-
mension. There may be disagreements about man-
agement objectives: Should water in a stream be
used to provide mining opportunities, fish habitat,
or recreation? There may also be disagreement
about specifrc evaluative standards: FIow much
water is needed to provide optimal whitewater
boating opportunities? Successful resource man-
agement decisions require a degree of consensus
about management objectives and standards. These
evaluative criteria usually involve a combination of
expert judgment and the opinions of the public,
interest groups, and resource users.

tlltimate consideration of the trade-offs involved
in choosing one streamflow regime over another
would be facilitated by information about economic
measures of costs and benefrts. Several of the stud-
ies summaized. above provide measures of eco-
nomic value ofinstream flow for recreation thatcan
be compared with the rnore easily determined val-
ues of water diversions or hydropower production
(indeed, some ofthese studies, such as Daubert and

Young (1981) and Duffield et. al (1991) report such
comparisons). Flowever, even where managers con-
sider economic costs and benefrts in choosing a
preferred flow regime, decisions rarely rely solely
on economic analysis. In the end, the evaluative
judgments ofmanagers and water user and instream
flow interests play an important role. A clear under-
standing of the flow-recreation relation is particu-
larly important in such discussions.

SYT{THE SIS AND C ONCLUSIONS

Legislation passed in the last 25 years at both the
state and national levels has recognized the impor-
tance of maintaining instream flow in rivers, and
the growing conflicts caused by increasing demands
for both streamflow-based recreation and water
withdrawals. In response to these changes, numer-
ous researchers and government agencies ha.re
studied the relation of streamflow to recreation
quality. These efforts have used a variety of meth-
ods: some measured economic value of recreation,
while others focused directly on recreation quality;
some focused on the direct impact of flow on recre-
ation, while others emphasized indirect impacts;
some focused on minimum flows, while others em-
phasized the full range of flows; and some relied on
expert j udgrnent, while others surveyed recreation
users and other members of the general public.
These efforts have added considerably to ourunder-
standing of the relation of streamflow to recreation.

CURVES SHOWING THE REI,ATION OF
FLOW TO RECREA',TTON QUALTTY

The studies documenting direct effects of flow on
recreation quality were broadly separated into two
groups based on methods used for depicting these
direct effects. Hyra's ( 1978) cross-sectional approach
and the Beaver Creek, San Pedro, and to some
extent the Gulkana studies all selected 'critical
reaches'and then identified minimum flow needs
based on what was necessary for those areas. If
flows were sufficient in the critical reaches, they
would be sufficient elsewhere - the emphasis is on
the minimrlm.13

The other studies developed evaluative i.tdg-
ments at a number of different flow levels, thereby
more completely documenting the relations between
flows and recreation. Hyra's (1978) incremental
method did this with researcher-generated prob-
ability of use (suitability) curves that showed hypo-

t3Corbett's (199O) study of minimum canoeing flows also essentially
uses lhis approach. "Canoeing zero," estimated by tloating a iver at
differentflow levels, is determined by conditions atthose criticalpoints that
most restrict canoe passage at low water.

Flow requ€st 1
(fishery management)

Fbw request 3
(power generation)

Withdrawal reouest 3

Figure 7.-Flow requests for diflerent uses.
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thetical relations. The economic studies developed
functions showing willingness to pay at different
flow levels. The Grand Canyon guides'study, the
Dolores River study, and the Aravaipa Canyon
study developed curves based on users'evaluations
ofa range offlow levels as satisfactory or unsatis-
factory. Brown and Daniel's (1991) scenic beauty
study developed curves based on public assessment
of video sequences. All of these studies showed a
similar shape of curwe describing the relation be-
tween flow and recreation quality (see the summary
ofthe relation in table 2, column 8). Low flows below
a certain point are unacceptable; somewhere in the
middle range, flows reach an optimum; and at very
high levels, flows again become unacceptable. The
specifrc points atwhich flows are minimally accept-
able, optimum, and too high vary for different size
channels, for different recreation actiwities, and
different user skill levels, but the shape of the curve
describing the relation is similar.

Because instream flows have often been pro-
tected or administered as minimum flows, there is
a tendency to think of flow needs for recreation in
terms of a single value. Our review indicates that a
rnore complete picture is gained by describing the
entire flow-quality relation. Such a description
shows how recreation quality is affected by the full
range of flows, highlights the differences between
activities. and clarifies the difference between un-
acceptable, minimum, and optimum flows.

Any designation of instream flows for recreation
should require the delineation of curves showing
the effects of the complete range of flows on each
recreation activity. Even ifcurves are generated as
'hypothesized' relations, without supporting data,
they still force a clearer understanding ofthe as-
sumptions about how flow affects recreational qual-
ity. A curve also requires that one identify the point
along the curve where a flow request is being made,
thereby clarifuing whether the request will provide
acceptable minimum or optimum flows for the ac-
tivity in question.

MODELS FOR SPECIFTING TIIE
REI,ATION OF FLOW TO RECREATION

Models of the flow-recreation relation have con-
siderable appeal. The basic idea is to develop a
model that uses generally available hydrologic data
to determine the needed flows for recreation. A
model is particularly useful when a site-specific
study of the relation of flow to recreation quality
would be too expensive or too time-consuming to
conduct, when a reasonable range offlows cannot be
observed (e.g., when dam operators are uncoopera-
tive), or when the user population is difficult to
identify (e.g., on remote Alaskan rivers). At times,

the flows to be considered are not obser-vable or.
measurable, for example, when recreation assess-
ments are being made for a flow-regulating facility
that does not yet exist. For such assessments, some
model of the effects of instream flow on recreation is
essential. Two important efforts in this direction.
Hyra (1978) and Corbett (1990), demonstrate the
utility of a modeling approach, as well as the diffi-
culties and pitfalls.

H5rra's (1978) recreation modeling approach,
adapted from a frsh habitat modeling procedure,
suffers from several shortcomings. First, depth and
velocity may not be the best flow variables for
predicting recreation quality. Experienced river
users are more accustomed to thinking of boating
quality in relation to flows, expressed in cubic feet
per second or stage readings from a gage, so trans-
lating into depths and velocities may be both unnec-
essary and confusing. Second, hydraulic modeling
of flow based on selected transects will often inad-
equately describe the complex nature ofwater move-
ment in rapids. The effects of rocky, uneven surface
formations at various flow levels on boating quality
can probably be more directly and accurately as-
sessed by simpiy running the river at selected flow
levels (or by inter-viewing people who have experi-
ence doing so). Third, the researcher t5pically sup-
plies the evaluative judgments (the suitability
curves) for different activities and translates those
judgrnents into velocity and depth requirements.
Lacking a survey of knowledgeable users, the re-
searcher may rely on his or her personal judgment,
or the judgment of a small number of 'experts,"
running the risk of invalid evaluative judgments.
Finally,'weighted surface area' seems a forced and
unnecessarily complex way to express recreation
potential in relation to flows. While H5rra's ap-
proach is notable for the attempt to express the
spatial element of recreation potential, for some
activities (e.g., boating) an area measurement may
not be as relevant as a simple measure of length or
travel time. Further, combining the area measure
with the estimate of recreation quality (using the
suitability curve) tends to obscure the spatial infor-
mation.

Hyra's suitability curves must be calibrated for
each specifrc river reach and should not be general-
ized to different reaches, where primary recreation
demands may be different. Recalibration becomes a
problem when resource managers want to apply
recreation curves, developed elsewhere, to their
own rivers. The same problem occurs when fish
species suitability curves are applied to dissimilar
habitats. H;rra warns that there is no valid optimal
flow for recreation in general. Power boating, boat
fishing, whitewater rafting, and swimming ali de-
mand different depths and flows. Indeed, some of
the more sigaificant conflicts over the allocation of
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impounded river water are between different recre-
ation groups; for example, optirnal flows for frshing
may be useless for whitewater rafting.

Efforts have been undertaken to incorporate width
of the river reach and geomorphic class (boulder,
braided, or meander zone) as IFIM parameters
(Scott and H;rra 1977). Some such parameters are
critical for calculating suitability for different types
of recreation, especially whitewater rafting, canoe-
ing, and kayaking. Incorporatingthese aspects into
the IFIM would allow calculation of suitability for
specific recreational uses as part of a normal IFIM
study. Other parameters currently under consider-
ation include turbulence and rapid changes in flow.
Dropping flows, which strand frsh, are already
considered within the IFIM; rising flows, which
strand frshermen, would be somewhat the inverse
consideration, but could be incorporated into this
methodolory.la

Flowever, the question remains: Is the IFIM
framework the best one for addressing all flow-
based recreation problems? The advantage ofusing
this framework - that it is also used to assess frsh
habitat, thus offering comparability with habitat
assessment - is perhaps outweighed by the time-
consuming requirement for transects to obtain depth
and velocity measurements and by the weighted
surface area computations. Depth and velocity are
not the most direct ways to depict the physical
environment, at least for activities such as boating
and viewing. And weighted surf'ace area lacks a
demonstrated relation to the dependent variable,
recreation quality. Further, an onsite, experience-
based assessment of recreation quality is generally
needed for the Hyra approach to calibrate the suit-
ability curves. Once this is done, the essential
recreation quality information has been obtained,
and it can generally be more easily obtained in
terms of fl ow or stage than depth and velocity. Thus,
at least for nonfrshing activities, the IFIM frame-
work may divert effort from the key need - a direct
assessment of recreation quality.

Corbett's (1990) method avoids the complication
of depth and velocity criteria by expressing the
'canoeing zero" judgments directly in terms of flow.
By incorporating data for 45 river sections and
statistically relating the recreation variable to flows,
the method also moves toward greater
generalizability. Flowever, there are a number of
shortcomings (Shelby and Jackson 1991). Average
annual discharge may by itself be insuffrcient to
adequately represent the boating environment of
all but carefully selected hydrologically and mor-
phologically similar rivers. Corbett acknowledged
the potential importance of additional variables

laPersonal communication, Robeft Milhous, U.S. F&WF, Forl Collins,
co,1990).

such as bottom roughness and geologic composi-
tion. Other potentially important hydrologic char-
acteristics include tightness of meanders and pres-
ence of boulders. Without such refi.nement for fur-
ther stratifyrng rivers, there may be considerable
prediction error. For example, Corbett showed New
England streams where the formula predicts canoe-
ing zero at 150 cfs, but measured canoeing zero
ranged from 100 to 300 cfs.

It should also be remembered that canoeing zero
is not the only important boatability criterion. For
example, Shelby et al. ( 1990) showed that minimum
boatable flows are different for open canoes than for
rafbs, and that minimum boatable flows are consid-
erably less than what is needed for minimum or
optimal whitewater.

Corbett's conclusion that'the river planner can
develop a defensible statement of the minimum
instream flow for recreational boating when aver-
age annual flow is known'oversimplifres the issue.
But his modeling effort, the frrst attempt at an
empirical boating recreation model based on data
from multiple rivers, demonstrates an important
direction for future work. Modeling efforts hold
promise as a means of transferring understanding
of the relations between recreation and instream
flow from one situation to another. Such models will
be essential for characterizing recreational suit-
abilities for flows that do not currently exist or that
cannot be easily observed.

The key to pursuing better modeling efforts lies
in designing studies that systematically collect com-
parable data. It is possible to examine relations
across studies only ifthose studies include the same
hydrology and recreation measures. Although
Corbett's data set contains comparable measures
for 45 rivers, the focus on single-value minimum
flows (canoeing zero) and averaging across time
(annual average flow) limit the usefulness of these
data. There is tremendous potential in such broad
data sets, however, if comparable parameters are
measured from one study to another and if the
information is made available through publica-
tions. A critical need in this regard is some agree-
ment on the variables that should be routinely
measured (an obvious improvement would be to
report flow in terms of percent of bankfull flow in
addition to discharge).

Despite the potential of generalized statistical
models, carefully designed site-specific studies are
still necessary for the foreseeable future. The work
reviewed here indicates that users can provide
judgments based on controlled flows, photographs
of alternative flows, or even verbal descriptions if
the user population is suffrciently familiar with the
options. Such studies offerviable, defensible means
of learning about the streamflow-recreation rela-
tion.
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Studies by social scientists, physical and biological scientists,
and engineers of the relation betrveen streamflow and recreation
quality have employed a wide variety of methods. Nearly all

studies found a similar, nonlinear relation of recreation to flow -
quality increases with flow to a point, but decreases for further

increases in flow. Crit ical f low levels (points of minimum, opti-

mum, and maximum flow) differ across rivers and activit ies.

Many state laws and agency practices now provide for considering

the effects of streamflow on recreation. Knowiedge of the flow-

recreation relation, and its accurate calibration in specifrc loca-

tions, is an imporbant ingredient in the determination of wise

streamflow policies.
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