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INTRODUCTION
In response to the demand for outdoor
recreation, many resources have been invested
to provide facilities for public use--but
such investment competes with other resource
uses that also benefit the public. With the
increasing pressures of high energy costs,
restricted budgets, and administrative
accountability, managers must use their
resources more efficiently. To do so requires
analysis of costs: the focus of this study.

Both the Resources Planning Act of 1974 and
The National Forest Management Act of 1976
call for identification of the costs and
benefits of all management actions. These
and other directives--and the need for
information--prompted establishment of a
research work unit (FS-INT-4201, Economics
of Multiple Use Management on Public
Forest Lands) within the U.S. Forest Service
(USFS) Intermountain Forest and Range
Experiment Station.

The second of three problems assigned this
unit concerns costs of providing recreation.
"The costs of alternative management prac-
tices designed to produce noncommodity
resources are not well enough defined to
ensure that land and other production re-
sources are efficiently allocated." One
objective of the work unit, to define the
"...direct investment costs of providing
opportunities for developed, dispersed, and
wilderness recreation," prompted the research
reported here, which focuses on costs of
developed recreation sites in the USFS
Northern Region (Region One).

OBJECTIVES
In general, this study was designed to pro-
vide USFS recreation managers with current
estimates of costs for developed recreation
areas and with models for predicting future
costs in Region One. Specifically, the
objectives were:

To identify and describe major and non-
major developed recreation areas (classi-
fied as campgrounds, picnicgrounds, and
boating, swimming, interpretive, infor-
mation, documentary, and observation
sites) in four zones within Region One.

To identify the number of sites of each
type and to describe their capacity, major
costs, and expected output in 1980.

To estimate average costs for each of
three categories: planning, facilities,
and operation and maintenance; to stratify
the estimates by experience-development
level (see Appendix) where possible; and
to give regional averages by site type,
capacity, and output.

To empirically estimate total and average
costs as related to experience level and
capacity, and, where feasible, as related
to other conditions associated with major
site types.

STUDY AREA
The study area, USFS Region One, includes 13
National Forestsl and 75 Ranger Districts
in Eastern Washington, Northern Idaho,
Montana, and North and South Dakota. It
encompasses the Little Missouri, Cedar, and
Grand Rivers, and the Cheyenne National
Grasslands of North and South Dakota, which
are managed as part of the Custer National
Forest.

As would be expected for an area covering
parts of five large states, Region One has
a diverse geographical setting and offers
many recreation opportunities. In northern
Idaho and northwestern Montana, the rela-
tively moderate temperatures are influenced
by marine air from the Pacific Ocean.
Although the topography is hilly or moun-
tainous, valley elevations are less than
3,000 feet. The timber resource is rich.
Ponderosa, white, and lodgepole pine, alpine
fir, Douglas-fir, cedar, and spruce create
densely forested settings.

In the Rocky Mountains of Central Montana,'
the climate is influenced by a combination of
coastal and interior weather patterns. Valley
floors may be at 5,000 feet, and mountain
peaks more than 12,000 feet in elevation pro-
vide true alpine conditions. Snowfall is not
unusual during any month of the year at these
high elevations.

East of the Rocky Mountains, Montana and
North and South Dakota are characterized by
"wide open spaces"--grasses and ponderosa

1There are 15 National Forests if the Idaho Panhandle
National Forests are considered individually, but the three
forests are managed through one office and are considered as
one forest for this report.
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pine among vast prairies and rolling hills--
and by a dryer and harsher climate, predomi-
nantly influenced by interior weather
patterns. Temperatures are more extreme than
in the western part of the Region.

The varied conditions and settings of Region
One form an immense recreational resource

that the developed recreation sites in every
National Forest and Ranger District greatly
enhance. The facilities provide opportunity
for recreation experiences that range from
primitive settings offering solitude to
modern settings offering comfort, conveni-
ence, and substantial social interaction.

PROVISION OF DEVELOPED RECREATION
To conceptualize the economics of providing
developed recreation sites, we adapted the
model for a Recreation Production/ Consumption
System developed by King and Dyer (1980). To
do this, it was important to distinguish be-
tween a recreation "engagement" and a
recreation "experience"--the former an act
or behavior, the latter a psychological and
physiological result (Brown et al. 1979).

The producer of recreation opportunities--in
this study, the USFS--provides land, water
and capital for developed recreation sites.
The sites in turn provide users the oppor-
tunity for enjoying natural attributes such
as lakes, clean air, and trees; managerial
contributions including (but not limited to)
developed facilities; and social attributes
such as solitude or interaction with other
people (Fig. 1, Stage 1) . The output of this
stage of production is measured in the
persons-at-one-time capacity (PAOT) of a
developed site. Both PAOT capacity and the
practices producing it can be controlled by
the recreation manager. For example, sections
within sites can be opened or closed during
managed seasons, or new sites can be
constructed.

LAND LABOR CAPITAL

(SUPPLIED BY MANAGER)

STAGE 1

DEVELOPED
RECREATION

SITE

SITE CAPACITY
THE RECREATION
OPPORTUNITY MEASURED
IN PERSONS-AT-ONE-TIME
(PAOT) CAPACITY

The recreationist combines time and material
goods with the USFS-produced opportunity
(Fig. 1, Stage 2). The result of this engage-
ment is the recreation experience, an output
measured in recreation visitor day (RVD) of
use, defined as 12 visitor hours spent in any
activity not part of or incidental to a gain-
ful occupation. The 12 hours may be aggre-
gated continuously, intermittently, or
simultaneously by one or more persons; there-
fore, one RVD may represent six people at a
site for 2 hours, one person at a site for 12
hours, three people making two 2-hour trips,
or any such combination. Output will depend
upon the capacity and type of site and upon
other variables. According to King and Dyer
(1980), the second stage of the process, the
recreation engagement, "...may be viewed
either as a production process or a consump-
tion process resulting in recreation
experiences that are the utilities of the
process."

The notion of engagement as consumption comes
from the fact that the recreationist must
incur a cost (time and material goods). The
quantity of recreation consumed is determined
by the intersection of the demand for and

TIME MATERIAL GOODS

(SUPPLIED BY RECREATIONIST )

STAGE 2

RECREATION
ENGAGEMENT

SITE OUTPUT
THE RECREATION
EXPERIENCE, MEASURED
IN RECREATION' VISITOR
DAYS (RVD)

FIGURE 1.
THE PROCESS OF PRODUCING AND CONSUMING RECREATION.
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the supply of recreation opportunity. Supply
(PAOT capacity) is determined by the marginal
cost incurred by the USFS in producing devel-
oped recreation sites, demand by the costs
the recreationist must incur to engage in
recreation.

according to their prices and marginal pro-
ducts to determine the production function
for site output (RVD). The production func-
tion may again be converted into a cost func-
tion by multiplying input quantities by their
corresponding unit prices.

Recreation engagement may also be considered
as production, and because inputs from
several sources must be combined before pro-
duction can occur, this viewpoint may have
more intuitive appeal. In this sense, the
recreation experience is considered the out-
put of a two-stage production process. In the
first stage, the USFS combines land, labor,
and capital to produce PAOT capacity. The
cost function for production of that capacity
can be derived by multiplying the input quan-
tities by their corresponding unit prices,
which simply relates output to cost rather
than to input quantities. In the second
stage, the USFS manager and recreationist
join in the production process. PAOT capac-
ity, an output in Stage 1, becomes an input
combined with time and material goods in
Stage 2 (Fig. 1).

The unit price of the PAOT capacity is the
average cost incurred in producing it. In
other words, the USFS produces PAOT capacity
and then buys it back from itself at cost, as
when a farmer feeds self-grown hay or grain
to his cattle. The cost function thus becomes
a budget-constraint curve showing the dif-
ferent PAOT capacities that the Forest
Service could purchase under different
budgets. The price of recreationist time is
measured in terms of opportunity costs, such
as foregone wages and salaries. The market
determines the price paid for material goods.
As in the production of PAOT capacity, these
inputs combine in varying quantities

If we consider recreation engagement as a
production-consumption process, relating
USFS cost to PAOT capacity will determine a
cost of production relationship. Relating
cost to RVD will yield a function for cost of
goods sold, as the amount of consumption is
the quantity purchased by the recreationist
(consumer) from the USFS (producer). If we
consider recreation engagement as a two-stage
production process, relating cost to PAOT
will yield either a cost of production
relationship or a budget constraint line,
depending on which production stage is con-
sidered. Relating cost to RVD will yield a
cost of production relationship only for the
USFS-supplied PAOT capacity. Costs of the
recreationist input are not considered; thus,
the cost function covers only the manager's
contribution to the recreation experience.

Whether costs should be related to PAOT
capacity or to RVD depends on how the cost
information is to be used. PAOT capacity may
be most relevant for recreation managers
because it is the treatment unit and as such
is more under their control. On the other
hand, cost as a function of RVD may be
desired for comparison estimates of user
benefit in a benefit-cost analysis for re-
source allocation. In this study, we have
analyzed both PAOT and RVD cost relation-
ships. Because these are two separate pro-
cesses, the RVD and PAOT cost functions can
be different. One is not merely a multiple of
the other.

SITE CLASSIFICATION AND INVENTORY
A variety of developed recreation sites,
those having "modifications to enhance
recreation opportunities" (U.S. Forest
Service 1973), exist in Region One. Site de-
velopment may range from little change to
extensive modification that dominates the
natural setting. The five levels of develop-
ment and the recreation experiences they are
designed to produce (U.S. Forest Service

1976) are explained in the Appendix. All
operating Region One sites are experience
level (EL) 2, 3, or 4.

Modifications and improvements (toilets,
garbage containers, parking spaces, and signs
at trailheads) may also be made at locations
not considered to be "developed." To differ-
entiate developed sites and facility
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installations on dispersed areas, the U.S.
Forest Service Manual Title 2300 uses
these criteria:

campgrounds and picnicgrounds, designed to
accommodate larger groups, often require a
reservation system.

A developed site has been modified to
accommodate one or more specific
recreation opportunities for intensive
rather than dispersed uses. Modification
must include a facility installation.

At developed sites, the modifications are
to enhance recreation opportunities, and
[are] not merely those needed for re-
source protection ....

Developed sites are documented by ap-
proved site designs (FSM 2330.3).

For developed sites it is desirable to
publish locative and other site infor-
mation in directories and on maps to help
people find the sites and to encourage
continued or additional use.

This study deals with developed sites owned
and operated by the USFS for the primary
purpose of providing recreation to the
general public. The sites may be classified
as campgrounds or picnicgrounds (family and
group), boating sites, interpretive sites
(major and minor), and information, documen-
tary, or observation sites. Not considered
were sites that do not fall under these
classifications--such as recreation resi-
dences and organization camps not open to the
general public; winter sports areas, lodges,
resorts, and other concessions operated by
private firms (special use permits); and
administrative interpretive sites existing
for purposes other than providing recreation
(RIM Handbook 1976).

REGION ONE SITES
Generally, site classification (Table 1, page
6) designates the type of recreation activity
for which a site is designed, and the facili-
ties installed depend on that activity.
Family campgrounds, designed for overnight
use by individuals or family-sized groups,
usually have tables, fireplaces, tent pads,
,garbage containers, and toilets located
around individual parking spurs. Family pic-
nicgrounds, designed primarily for day use,
are similar but without tent pads and indi-
vidual spurs for cars and trailers. Group

Boating sites typically include ramps, docks,
and parking, picnicking, and boating-safety
facilities. Swimming sites have sanitation
facilities, water-safety modifications, and
sometimes parking, picnicking, and bathhouse
facilities.

If an interpretive site includes a building
for environmental-awareness or other educa-
tional programs, it is designated "major"; a
site designed for the same purposes but with-
out a separate building is designated "minor."
Documentary sites are designed to help pre-
serve natural or cultural history. Observa-
tion sites are modified to improve natural
overlooks and scenic viewing, and information
sites usually include facilities whose pri-
mary purpose is orienting recreationists to
the local area. The USFS RIM Handbook (1976)
gives additional descriptions of these
various sites.

To better represent the number and distri-
bution of developed recreation sites, we
divided Region One into four zones:

Northern Idaho--all ranger districts in the
Idaho Panhandle, Clearwater, and Nez Perce
National Forests.

Montana west of the Continental Divide--
all Ranger Districts in the Bitterroot,
Flathead, Kootenai, Lolo, and Deerlodge
National Forests except the Jefferson
Ranger District.

Rocky Mountains east of the Continental
Divide--all Ranger Districts in the
Beaverhead, Gallatin, Helena, and Lewis
and Clark National Forests plus the Bear-
tooth Ranger District of the Custer
National Forest and the Jefferson Ranger
District of the Deerlodge National Forest.

Eastern Montana and North and South
Dakota--All Ranger Districts in the Custer
National Forest except the Beartooth
Ranger District.

These zones account for major geographic and
climatic differences within the Region. The
developed facilities in Region One can pro-
vide a variety of recreation to thousands of
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TABLE 1.

NUMBER AND PERSONS-AT-ONE-TIME (PAOT) CAPACITY OF DEVELOPED RECREATION SITES, U.S. FOREST
SERVICE, REGION ONE, 1980.a

Montana
(west of

Northern Continental
Idaho Divide)

Site typeb Sites PAOT Sites

Family campgrounds
EL 25 570 25

73 5,260 81EL32

EL4 3 250 8

Family picnicgrounds
EL2 2 45 3

EL3 13 425 26
EL4 2 275 2

Boating 7 428 37

Swimming 6 425 12

Major interpretive 1 120 1

Minor interpretive 4 95 2

Information 1 90 0

Documentary 6 176 0

Observation 3 55 3

Group campgrounds 0 0 2

Group picnicgrounds 4 736 5

All sites

525
6,330
1,545

70
1,477

250

3,014

1,320

100

100

0

0

185

250

1,015

150c 8,950 207 16,181

represented by few sites so that the sample
size would be meaningful.

aDerived from the Alphabetical Site Index, U.S. Forest Service RIM Handbook (1976).
bEL refers to experience level (see Appendix).
cOne family unit equals five persons for campgrounds and picnicgrounds. One family campground (70 PAOT) and
one family picnicground (28 PAOT) have no experience-level listing.

people at the same time, which indicates the
size and complexity of the management task
(Table 1).

A Ranger District was sampled if it included

Rocky
Mountains Eastern
(east of Montana,
Continental North Dakota, Region One PAOT

Divide) South Dakota total per
Sites PAOT Sites PAOT Sites PAOT site

22 530 0 0 72 1,625 23

94 7,576 10 440 258 19,606 76

2 220 1 185 14 2,200 157

4 75 1 20 10 210 21

22 1,049 2 105 63 3,056 48

2 65 0 0 6 590 98

15 1,075 0 0 59 4,517 76

1 50 0 0 19 1,795 94

1 175 0 0 3 395 132

10 965 1 15 17 1,175 69

0 0 0 0 1 90 90

1 20 0 0 7 196 28

3 280 1 50 10 570 57

1 200 0 0 3 450 150

4 208 0 0 13 1,959 151

182 12,488 16 815 555 38,434 69

oneSAMPLING PROCEDURE total
We determined that a statistically sound sites
sample of the 557 developed recreation sites drew
in Region One would provide the most effi- sites
cient means to analyze costs. Regional totals size.
for each type of recreation site were used to
determine sample size, and sampling rates
were varied inversely with the number of
sites of each type. Only family campgrounds
and picnicgrounds were separated by experi-
ence level, as information on such levels was
incomplete for other site types. We sampled
one of three of the relatively numerous EL3
campgrounds and all, or one of two, of types

or more sites of a type that required
sampling. We calculated the number of
of other types in these districts and
an additional district at random if more
were needed for the desired sample

Thirty Ranger Districts were selected.

After determining the type and number of
sites to be sampled in each district, we drew
269 of the various types at random from the
Alphabetical Site Index of the USFS RIM
Handbook (1976). During data collection we
deleted 11 sites that were closed, still
under construction, or not yet developed,
leaving 258 for analysis (Table 2).

PAOT



TABLE 2.

NUMBER OF DEVELOPED RECREATION SITES AND SAMPLING RATE, U.S. FOREST SERVICE REGION
ONE, 1980

Number sampled

Region
Montana

(west of

Rocky
Mountains
(east of

Site typea
One
total

Sampling
rate

Desired
sample

Northern
Idaho

Continental
Divide)

Continental
Divide) Total

Family campgrounds
EL2 72 1/2b 39 11 14 13 38
EL3 258 1/3b 95 24 28 40 94
EL4 14 1/1 14 3 8 2 14

Family picnicgrounds
EL2 10 1/1, 10 2 3 4 10
EL3 63 1/2 33 3 15 12 31
EL4 6 1/1 6 2 2 2 6

Boating 59 1/2 30 2 20 5 27

Swimming 19 1/2 9 3 6 0 9

Major interpretive 3 1/1 3 1 0 1 2

Minor interpretive 17 1/2 9 0 0 6 7

Information 1 1/1 1 1 0 0 1

Documentary 7 1/2 4 2 0 1 3

Observation 10 1/2 6 2 2 2 6

Group campgrounds 3 1/1 3 0 2 1 3

Group picnicgrounds 13 1/2 7 1 3 3 7

All sites 555 1/2 269 57 103 92 258

aEL refers to experience level (see Appendix).
bEL2 and EL3 family campground with relatively large populations were over-sampled by 10 percent
to compensate for reclassification or closure.

COST INVENTORY
The costs associated with Region One devel-
oped recreation sites fall into three
categories: planning, facilities, and opera-
tion and maintenance.

Planning costs are for time spent by foresters,
architects, and engineers in the preliminary
and final design and layout of a site or in
the specialized design of utility systems,
plantings (trees, shrubs, grass), customized
facilities, and such things as boat ramps,
buildings, and amphitheaters.

Facility costs are for the purchase, install-
ation, and construction of items such as
picnic tables, toilets, tent pads, signs,
fireplaces, interpretive displays, water and
sewer systems, boat ramps, parking lots, and
roads. Total facility cost, the sum of the
current replacement values for each facility
at a given site, provides an estimate of the

current cost of constructing an identical
site at the same location. Because planning
for facilities occurs just once, costs are
amortized on an annual basis, the amortiza-
tion including the opportunity cost of not
using the capital in other ways.

Operation and maintenance costs, which re-
occur annually, cover personnel, vehicles,
contracts, utilities, tools, and materials.
Personnel costs include those for seasonal,
temporary, or permanent USFS employees doing
work directly related to a site, or for con-
tributed manpower for federal employment
programs. Regular recreation crews and
borrowed crews (fire, timber, or range
personnel) that work at developed sites are
included. Vehicle costs cover operation and
depreciation or rental fees for all vehicles
used in connection with a site. Contract
costs are fees paid for work such as garbage

7
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collection, law enforcement, or toilet-vault
pumping that is performed by personnel out-
side the USFS. Utility costs are expenditures
for water, gas, or electricity; tool costs
are for oil, fuel, maintenance, repair, and
replacement; and material costs are for main-
tenance supplies such as lumber, gravel, and
paint, or for supplies such as toilet paper,
paper towels, and garbage bags. The opera-
tion and maintenance cost for a site, the sum
of all these subcategories, is not amortized.

The need for and sources of data for these
three categories varied; therefore, data
collection for each category is discussed
separately.

PLANNING COSTS
Data for planning costs were collected in
personal interviews with USFS Region One per-
sonnel regarding manpower requirements for
design, layout, and subsequent field work
during planning. Costs associated with site
selection, review and approval, or adminis-
trative overhead were not considered.

Manpower estimates were measured in man-
days. Design and layout time was estimated
to vary linearly with family-unit capacity at
a rate of 15 man-days per 10 family units
(campgrounds) or per 20 family units (picnic-
grounds). For more than 20 family units, the
rate was decreased by 50 percent.

As one family unit is generally equivalent to
five-PAOT capacity, manpower requirements
can also be expressed per PAOT, which is
necessary because the RIM system records
site capacity in that unit rather than in
family units and because activity sites such
as those for boating, swimming, and groups
are not designed with the family unit in
mind.

In applying the man-day/PAOT rates, we
treated group campgrounds, family camp-
grounds, and group picnicgrounds as family
picnicgrounds. Boating and swimming sites
were treated as picnicgrounds rather than as
camping grounds because they tend to have
smaller and fewer developed facilities.

Major interpretive sites are typically highly
developed and require significantly more
planning time per PAOT than even highly
developed campgrounds. Consequently, the

rate per PAOT for their design and layout is
twice that of campgrounds (an estimate based
on the rate differential between modern
campgrounds and highly developed recreation
facilities that is used by the Michigan
Department of Natural Resources Construction
Costs Summary, 1978).

Minor interpretive or other passive-type
sites (information, observation, documen-
tary) were treated as a separate group.
Design and layout were estimated to take
5 man-days per site. The PAOT unit is not
as applicable in planning these sites,
hence planning costs were estimated per
site rather than per PAOT capacity.

We reviewed the RIM Facility Condition Record
for each site to determine if any facilities
required additional design and layout, and if
so, we attached additional man-days to the
planning cost. We also estimated time
required for specialized plans:

Utilities (water, electricity,
sewer, etc.)

Planting (trees, grass,
shrubs, etc.)

5 man-days

2 man-days

Facility plates (diagrams for
customized facilities) 2 man-days

Detailed sites (boat ramps,
buildings, etc.) 5 man-days

These costs were applied "all or none," regard-
less of the size or type of site. Predesigned
standard facility plates that require no
additional cost are used for many sites but
are not recorded site by site, so it is dif-
ficult to detect which sites have been custom
designed. We estimated that 80 to 90 percent
of USFS sites are designed without custom
plates, but to be conservative, we applied
10 percent of 2 man-days to the computed
planning cost of each site.

Once the required man-days for each site
were estimated, appropriate wage scales could
be used to compute dollar planning cost. Per-
sonnel at grades ranging from GS-4 through
GS-11 were involved in design and layout.
Portions of the total time required at the
different skill and GS levels was estimated
during interviews. If a job could be filled
by personnel at either of two pay scales,
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we used the midpoint of the first step of
the higher GS grade in computing cost. (GS
grades and steps effective at the beginn;ng
of fiscal year 1980 were used in the compu-
tations.) After considering the type of site,
PAOT capacity, and facilities on hand, we
estimated planning cost for each sampled
site.

FACILITY COSTS
Measurement of facility costs requires two
basic kinds of data. The first is an inven-
tory of all the facilities composing each
sampled site, which is maintained and updated
annually on RIM Facility Condition Records
for each developed site. We used a regional
office printout of the 1980 inventories of
all Region One recreation facilities. The
second data requirement is a list of current
replacement values for each item on the
inventories. No single list was available;
however, estimates for most replacement costs
were on RIM Special Report No. 31, which
gives averages of reported costs for the
eight condition classes used on RIM Facility
Condition Records. We used regional averages
for Condition Class 4, a "replace in kind"
category representing the recreation mana-
ger's best estimate of the cost to replace a
facility with a new one of the same kind.
When this estimate was not available, we
used the Michigan Department of Natural
Resources Construction Cost Summary
(1978), a report from the Denver Service
Center Estimating Section of the National
Park Service (1980), USFS construction
contracts for 1979 and 1980, or results of
a small survey of Ranger District recreation
managers. Data from these sources were com-
pared with each other and with RIM regional
averages. Whenever possible, we used the
RIM figures because they applied specifically
to USFS facilities at developed sites.

A cost for each kind of site facility was
calculated by multiplying cost per unit by
the existing inventory. The replacement
value for each site is the sum of its indi-
vidual facility costs.

To get annual costs, total replacement values
for the different sites must be amortized by
applying a discount rate to the expected life
of the facilities. In the past, the life of
USFS developed sites has been assumed to be

20 years (Gibbs 1980), but district recrea-
tion managers and engineers and planners at
the regional office indicated that many fa-
cilities last much less than that. Therefore,
each type of facility in the RIM inventories
was categorized "short-life" or "long-life"
to allow amortization of the whole site with
many combinations of life-expectancy. For
most analyses, periods of 10 and 20 years
were used. Planning costs were always amor-
tized over the longer of the two life-
expectancy periods because major site
planning should occur only once before orig-
inal construction.

OPERATION AND
MAINTENANCE COSTS
Almost all data on operation and maintenance
costs were collected from recreation managers
at the sampled Ranger Districts in personal
interviews that were standardized by a ques-
tionnaire. We estimated the number of man-
hours for each employee or group of employees
from Project Work Plans (Form 1900-4) and the
recall of the manager, then applied the
appropriate 1980 pay scales (GS grade and
step levels) to establish total salaries for
both contributed and budgeted personnel.

Vehicle costs were measured by estimating the
number of miles each vehicle was driven and
the number of months it was used in connec-
tion with a site. We applied the appropriate
1980 Fixed Use Rate and Fixed Ownership Rates
(annually updated standard rates for each
class or type of vehicle) to get operation
and depreciation costs for each vehicle, then
summed the estimates for total vehicle cost.

Contracts and amounts paid were usually on
record at the Ranger District offices. Con-
tract amounts for cooperative law enforcement
with sheriff offices were often obtained from
the local forest supervisor's office. Monthly
payments of the few utility costs were
recorded by the Ranger District. Expenditures
for tools and materials were estimated from
purchase orders, amounts on statements of the
1980 Program Accounting and Management
Attainment Reporting System (PAMARS),
Project Work Plans, and recall of the
recreation specialist. Estimates for each of
these components was added for computing the
total operation and maintenance cost for each
sampled site.
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Although records were used wherever possible,
all operation and maintenance figures were
the recreation manager's best estimate of the
actual cost incurred. The most difficult part
of the process for district managers was to
estimate costs for sites individually rather
than collectively, because the USFS keeps no
cost records for individual sites.

AVERAGE COSTS
Average costs of the various Region one devel-
oped recreation sites were estimated so that
we could make comparisons among the different
site types and experience levels. Such esti-
mates can also be used to predict costs for
proposed sites or for additions to existing
sites. Table 3 shows the estimated average

costs by site, by PAOT, by RVD, and--for
family campgrounds and picnicgrounds--by
experience level. Costs for planning and
facilities were amortized at 4 percent to
allow comparison and summation with operation
and maintenance costs. Averages for each of
the subcategories of operation and mainten-
ance are shown separately. Note that these
costs should not be counted twice, as they
are a subdivision of, rather than an addition
to, the composite averages. The table shows
how costs vary by site types; for example,
the average cost for boating sites is higher
than that for swimming sites, though opera-
tion and maintenance of swimming sites costs
more. High boating-facility costs due to
expensive boat ramps and large parking lots
for cars and trailers offset the difference.

TABLE 3.
AVERAGE 1980 COSTS FOR DEVELOPED RECREATION SITES, AMORTIZED AT 4 PERCENT, U.S. FOREST SERVICE REGION ONE.

Cost category EL2
Family campgroundsa
EL3 EL4

Active sites

Family picnicgroundsa
All EL2 EL3 EL4 All

Dollars - - - - - - - -

Site

Planning 37.83
Replacement value of facilities 1,565.77
Operation and maintenance 1,459.18

130.39
6,526.83
4,307.05

226.72
14,678.85
6,859.86

115.14
6,012.22
3,771.60

15.13
1,767.69
1,039.11

` > 1.20.33 651.27 202.07
1.31 2,0.87 1,,691.5$ 43$.7*

1, .93 60. " 1#9,4+$
ttt.44 520.00 463.31 17023
0.*0 23.50 '[11.81 3$.04 01.00

*712i ^ 340.50 012.40 304.71 x.00
Total 3,062.78 10,964.27 21,765.43 9,898.96 2,821.93

PAOT

Planning 1.61 1.46 1.34 1.45 0.74
Replacement value of facilities 66.63 73.26 86.69 75.63 85.78
Operation and maintenance 62.10 48.34 40.51 47.44 50.54

'UMW 37.50 29.94 23.7'7 29.12 31.1$
rd 10.29 8.23 7.65 8.27 °9.86

27`.29 21.88 76.11 20.$5 21.34ca"~ 10.33 8.09 8.55 8.30 6.98
1fehk 8.58 6.33 3.07 5.83 $.47
utnoy 0.00 0.26 0.65 0.33 0.00
°'80W 9.x0 3.92 3.38 3.83 3.69

Total 130.34 123.06 128.54 124.52 137.06

RVD

Planning 0.02 0.02 0.02 0.02 0.01
Replacement value of facilities 0.84 1.03 1.25 1.06 1.60
Operation and maintenance 0.79 0.68 0.59 0.66 0.94

WOW 0.41 0.42 0.34 0.41 0.58
Borrowed, qtr 0.13 0.11 0.11 0.11 0.181$ budgOod 0.33 0.30 0.23 0.29 0.40

C,atra 0.13 0.11 0.12 0.12 0.13
V 0.11 0.09 0.04 0.08 0.16
V"My 9.00 0.00 0.01 0.00 0.00
`C 0.07 0.00 9.05 0.05 0.07

Total 1.65 1.73 1.86 1.74 2.55

58.06
3,369.34
2,242.37

2
93<

5,669.77

1.07
61.86
41.17

8,442.35

1.03
55.87
28.96

5,469.89

1.03
62.28
38.92

23-.95 14.5* 21.88
5.36 , 5.64 5.T8

10.83 12.1 16.70
9.8% 4.24 8.87
5.41 3.49 5.17
0-to 0.1'5 0.30
3.75 1.89 3.81

104.10

0.04
2.13
1.42

85.86

0.02
1.21
0.63

102.23

0.03
1.77
1.11

0.76 0.40 0.68
0.16 0.12 0.16
0.57 0.2$ 0.48
0.34 0.09 0.23
0.19 0.07 0.1:5
0.01 0.42 0.01
0.13 0.04 0.05

3.59 1.86 2.91

101.56 55.28
5,493.46 3,332.23
2,847.33 2,082.38

aEL refers to experience level (see Appendix).

0
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The relative magnitude of costs differs when
computed per PAOT and RVD and when com-
puted per site, particularly among different
experience levels of family campgrounds and
picnicgrounds. When computed per site, all
three major cost categories increase with
higher experience levels, which is to be
expected because higher level sites tend to
be larger and more developed. When computed
per PAOT, operation and maintenance costs
vary inversely with experience level.
Therefore, although they cost more to operate
and maintain, higher level sites with higher
capacities have lower operation and main-
tenance costs per PAOT. The replacement value
of campground facilities computed per PAOT
maintains a direct relationship with
experience level, perhaps because higher
level campgrounds are intensely developed.
But higher level picnicgrounds have increased

Table 3 (continued).

Active sites

Cost category

Group
camp-

Boating Swimming ground

Site

Planning
Replacement value of facilities
O eration and maintenance

90.39
4,138.83

1,407.65

94.65
3,276.04
1,554.56

180.54
2,796.70
3,036.33

812.98 846.89 1.#11.33

197.96 237.67 07.67
t1S. 815.00 80.22 1,313.67

,
58.5 382.11 562.00
167.69 129.00 363.00

1 21
0.40

1 *Vs lats 154.69 03. 300.00
Total 5,636.87
PAOT

4,925.25 6,013.57

Planning 1.02 1.21 1.20
Replacement value of facilities 46.62 41.82 18.64
Operation and maintenance 15.85 19.85 20.24

kabor 9.16 19.91 12,07
Borrowed, to lr ed 2.23 3.03 3.32
ti`SFS bUdgeted 6.33 7.78 0.76

'Contract 2.82 4.80 3.75
vehicle 1.89 1.63 2.42
Utility 4.18 1.45 0.00
.Tools and mater s 1.74 1.06 2.00

Total 63.49

RVD

62.88 40.08

Planning 0.05 0.04 0.06
Replacement value of facilities 2.24 1.53 0.88
Operation and maintenance 0.76 0.73 0.96

4.abor 0.44 0.39 D.S7
Borrow txted 0.11 0.11 0.16
USFS 0.33 0.2$ 0.41

,Contra 0.13 0.38 0.10
ve8t1G1ai 0. 0.t 0.11
Ut$11ty 0.01 0.05 0.80
,Took and matortali 0.56 0.04 0.09

Total 3.05 2.30 1.90

PAOT capacity, so facility costs per PAOT
decrease.

When compared per RVD, costs for EL3 camp-
grounds are highest for facilities. The
higher use (output) of EL3 campgrounds
apparently does not offset costs. But EL4
campgrounds have high enough use to make
average operation and maintenance costs per
RVD significantly lower than those for EL2
campgrounds. The increase in output of
picnicgrounds with higher experience levels
is not enough to offset corresponding cost
increases, so that EL3 picnicgrounds have
the highest costs in all categories.

Average capacity and output help to explain
the variation per site, PAOT, and RVD. Table
4 shows average PAOT capacity and average
1979 and 1980 RVD output for each site type.

Passive sites
Group
picnic- Interpretive Observa- Documen
ground Major Minor tion tary

- Dollars -

117.04 420.40 51.17 31.05 26.19
8,523.96 27,547.37 15,122.64 1,657.17 1,647.09

4,631.43 25,089.00 1,681.17 988.83 727.33

2,585.86 10,424.00 757.43 478.33 557.67
479.14 1,710.001 299.43 95.17 157.48

1,706.71 14.704.00 458.00 343.17 30.67
819.57 1,755. 195.43 278.88 151.00
7391.57 1,422.58 M.71 100,17 38.33
157.14 1,700.00 ,71 0.88 0.88
331.26 3.76'7.56 413..83 140.33 311.3.3

13,272.43 53,056.77 16,854.98 2,677.05 2,400.61

0.73 2.85 0.50 0.44 1.12
53.51 186.76 148.06 23.40 70.60
29.07 170.09 16.46 13.96 31.17

16.23 111.35
. __.,7.41

8.75
5.52 11.66 2.93 1.34

10.11 99.69 4.49 5.41
9.13 11.90 1.41 3.81 8.47
4.64 9.64 1.87 1.41 1.04
0.89 11.5.3 0.01 0.00 0.00
2.08 25.68 4.05 1.90 1.30

83.31

0.03
2.26
1.23

359.70

0.05
3.30
3.00

165.02

0.00
1.31
0.15

37.80

0.01
0.81
0.48

102.89

0.02
1.54

0.68
0.09 1.97 0.07 0.23 0.47
0123 0.21 0.03 0.05 0.1$
0.45 1.76 8.04 0.19 0.33
0.22 0.21 0.02 0.13 0.14
0.14 0.17 0.02 0.05 0.03
0.04 0.20 0.00 0.00 0.00
0.09 8.45 0.03 0.07 0.03

3.52 6.35 1.46 1.30 2.24
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Again, separate computations made for each
experience level of family campgrounds and
picnicgrounds show how both capacity and out-
put increase directly with level. Comparison
of RVD estimates for 1979 and 1980 shows no
definite trend; a slight increase is esti-
mated for some site types, a small decrease
for others.

Annual costs of both planning and facilities
vary by the rate of interest used in amorti-
zation. Values in Table 4 for costs amortized
at 7 and 10 percent may be substituted for
those in Table 3 to obtain average costs at
different interest rates.

TABLE 4.
AVERAGE PERSONS-AT-ONE-TIME (PAOT) CAPACITY, RECREATION VISITOR DAYS (RVD), AND 1980
PLANNING AND FACILITY COSTS FOR DEVELOPED RECREATION SITES, U.S. FOREST SERVICE
REGION ONE.

PAOT RVD output Annual costs ($)
Site typea capacity 1979 1980 Planning Facilities Planning Facilities

- 7% amortization - - 10% amortization -

Family campgrounds 79.5 5,470 5,678 147.70 7,557.75 183.80 9,263.33
EL2 23.5 1,760 1,858 48.53 1,959.09 60.39 2,392.65
EL 89.1 6,267 6,358 67.27 8,202.60 208.15 10,051.803

EL4 169.3 10,533 11,693 290.84 18,489.42 361.92 22,696.67

Family picnicgrounds 53.5 1,998 1,880 70.91 4,190.43 88.24 5,137.61
EL2 20.6 911 1,100 19.41 -2,239.29 24.16 2,760.68
EL3 54.5 1,763 1,580 74.48 4,226.45 92.69 5,171.82
EL4 93.3 4,800 4,550 130.29 6,937.09 162.13 8,531.96

Boating 88.8 1,700 1,846 115.95 5,295.85 144.29 6,577.84

Swimming 78.3 1,933 2,144 121.42 4,162.82 151.09 5,143.91

Group campgrounds 150.0 2,600 3,167 231.60 3,550.47 288.21 4,384.23

Group picnicgrounds 159.3 4,257 3,771 150.15 10,769.40 186.84 13,250.39

Major interpretative 147.5 5,600 8,350 539.29 35,239.07 611.11 43,761.10

Minor interpretative 102.1 13,217 11,514 65.64 19,329.10 81.68 23,988.85

Observation 70.8 2,133 2,050 39.83 2,091.18 49.57 2,570.58

Documentary 23.3 900 1,067 33.60 2,088.94 41.82 2,577.58

aEL refers to experience level (see Appendix).

COST FUNCTIONS FOR THE
ECONOMIC MODEL

THE THEORETICAL MODEL
In addition to determining average values, we
may determine how costs vary with PAOT
capacity, RVD output, or site by means of a
cost function in which total annual cost is
the dependent variable and independent
variables explain the variation.

We developed a theoretical model as a guide
for formulating statistical models from which
cost functions were estimated. Site types
were categorized active and passive (Table 3)
because we reasoned that sites designed for

physical activity would receive different
cost impacts than sites designed mainly for
observation.

Because of their number and importance in
Region One, overnight family campgrounds
were analyzed both separately and jointly
with other active sites. The model also sepa-
rately relates costs to PAOT capacity and
RVD output because, as we have shown, PAOT
production and RVD production entail two dif-
ferent processes.
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We formulated six components to the model:
cost as a function of PAOT for active sites,
passive sites, and family campgrounds; and
cost as a function of RVD for active sites,
passive sites, and family campgrounds. The
functional forms are:

TC = f(PAOT), TYPEi, EL
j, Gk, R, L

TC = f(PAOT), TYPEi, Gk, R, L),

TC = f(PAOT), EL
j, Gk, R, L, FNF),

TC = f(RVD, TYPE,, ELj, G k' R, L),

TC = f(RVD, TYPEi, Gk, R, L),

TC = f(RVD, ELj, Gk, R, L, FNF),

where

TC = total cost (annual),

PAOT = persons-at-one-time capacity,

RVD = recreation visitor days (annual),

TYPEi = type of site, a dummy variable for
major categories,

ELj =

Gk=

experience level, a dummy variable
for family campgrounds and
picnicgrounds

geographic zones, a dummy variable
for the four zones in Region One,

R = remoteness from major highways,

L = length of managed season, and

FNF = fee/no fee, a dummy variable for
fee status of a site.

The variables require further definition
and explanation.

TC: Total annual cost is the sum of amor-
tized facilities and operation and mainten-
ance costs, all of which we have described.
It is a continuous variable recorded to the
nearest dollar.

PAOT: We hypothesized that all costs
would vary directly with persons-at-one-
time capacity, the unit of measure of de-
veloped recreation opportunity. (Five
PAOT capacity equals one family unit for
campgrounds and picnicgrounds.) PAOT is
the quantity variable in three of six
model components and is a continuous
variable recorded to the nearest integer
value (person).

RVD: Annual recreation visitor days are
the unit of measure of recreation experi-
ence. We hypothesized that because all
three major cost categories contribute to
the production of the recreation experi-
ence, total cost would vary directly with
RVD. RVD, the quantity variable in three
of six model components, is a continuous
variable recorded to the nearest 100 days.

TYPEi: The variable TYPEi is included
in the model because costs may vary with
site type. Five dummy variables (i = 2,
3, 4, 5, 6) are required to differentiate
active sites and one is required to dif-
ferentiate passive sites. The TYPE 8
variable was separated from the major
interpretive site type because Forest
Service personnel indicated that major
interpretive sites are unique and have
higher costs than other passive sites.
TYPEi category designations are:

Active sites

1 Family campground
2 Family picnicground
3 Boating
4 Swimming
5 Group campground
6 Group picnicground

Passive sites

7 Major interpretive
8 Minor interpretive, observation,

documentary, information

All dummy variables are restricted to the
values 0 and 1. TYPEi is 1 only for the
site type being considered and is 0 for
all other types. For example, when the
model represents boating sites, TYPE3 is
1 and all other TYPEi variables are 0.
When all TYPEi variables are 0, the model
represents family campgrounds.
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ELj: The experience (development) level
further differentiates USFS sites. We
hypothesized that all cost categories
(planning, facilities, and operating and
maintenance) would increase with higher
experience levels that require more facili-
ties and personnel. To represent the three
experience levels (2, 3, and 4) in Region
One, we used two dummy variables. When
EL3 is 1, the model represents EL 3 sites;
when EL4 is 1, it represents EL 4 sites;
and when EL3 and EL4 are 0, it represents
EL 2 sites.

Gk: The four sampled geographic zones were
defined largely with respect to climatic
differences that might affect facilities
and maintenance and consequently total
costs. Because few sites were in the
zone comprising eastern Montana, North
Dakota; and South Dakota, we combined it
with the Rocky Mountain zone east of the
Continental Divide. Thus only two dummy
variables were needed. When G2 is 1,
Montana west of the Continental Divide is
represented; when G3 is 1, Northern Idaho
is represented; and when both G2 and G3 are
0, all territory east of the Continental
Divide is represented.

OR: The remoteness of individual sites
may affect costs both directly and
indirectly; directly, because the costs of
getting materials and personnel to a site
increase with distance; indirectly, because
remote sites tend to be in rugged terrain
and at higher elevations, which increases
costs in much the same manner as harsh cli-
mate. To account for these factors, the
variable R represents site distance, in
miles from U.S. highways and interstate
freeways. R is a continuous variable
recorded to the nearest mile.

L: The length of the season for a recrea-
tion site affects costs for man-hours,
vehicle miles, utilities, tools, and such.
L is a continuous variable recorded to the
nearest week.

FNF: The Forest Service may charge a user
fee at some sites. We hypothesized that
these sites will have higher costs than
those without fees because collection
requires additional facilities or man-
hours. Also, keeping sites eligible for
fees may mean additional facilities or

operation and maintenance costs. The FNF
dummy variable is 1 when a fee is charged
and 0 when no fee is charged. Typically,
user fees are charged only at family camp-
grounds, so this variable appears only in
functions specific to campgrounds.

These nine variables, in six functional
forms, comprise the model for investigating
cost relationships. The next step in investi-
gating the relationships is to hypothesize
how independent variables affect total cost.

THE STATISTICAL MODEL
All variables in the theoretical model were
tested and analyzed with numerous functional
formulations. We reasoned that the best func-
tional form might be linear, quadratic, or
cubic, depending on the range of the data.
The classical total-cost model is a cubic
function in which cost increases at a
decreasing rate over the first range of out-
put, then increases at an increasing rate
over all higher levels of output. If the data
cover a sufficient range, this cubic form
should be reflected. However, if the data
cover a narrow range, they may reflect just
that portion of the true cost curve that
increases at a decreasing rate or increases
at an increasing rate; therefore, a quadratic
or second degree polynomial would best repre-
sent the data. If the squared term has a
negative coefficient, the data cover the
range where costs are still increasing at a
decreasing rate. If the squared term has a
positive coefficient, the data cover the
range where costs are increasing at an
increasing rate. In instances in which the
observations cover a range that is small
relative to the true cost curve, a linear
function best represents the data. This may
occur within any portion of the true cost
relationship but should result in a positive
coefficient because total costs should
increase with increased quantity of output.
Therefore, in all six components of the
theoretical model, the quantity variable
(PAOT or RVD) was tested in linear, quadra-
tic, and cubic form to explain variation in
total cost.

To account for cost differences among differ-
ent site types, we used the variables TYPEi
and ELj. However, these variables affect only
the intercept of the cost function, causing
it to shift up or down, depending on the sign
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of the coefficient. Interaction variables
must be used to account for possible dif-
ferences in the slope of the cost curve among
different site categories. These were formed
by multiplying the dummy variables (TYPE2,
TYPE3, EL3, etc.) by the quantity variable
(PAOT or RVD) used in the function. The
interaction variable, which has an estimated
coefficient that can be added to or sub-
tracted from the original slope coefficient,
was included and tested in all six components
of the model.

After testing all functional formulations
suggested by theory, explicit statistical
models were chosen for each of the six model
components.

Active sites:

TC = a0 + 01PAOT + a2TYPE2 + a3TYPE 3

+ TYPE + a5TYPE 6 + a7T2PAOT

+ 08T3PAOT + a9T4PAOT + 010T6PAOT

+ a11EL3 + a12EL4 + a13R,

[1)
where

T2PAOT

T3PAOT

T4PAOT

= dummy interaction variable for
picnicgrounds (1 if picnic-
ground, 0 if not) ,

= dummy interaction variable for
boating sites (1 if boating site,
0 if not) ,

= dummy interaction variable for
swimming sites (1 if swimming
site, 0 if not) ,

T6PAOT = dummy interaction variable for
group picnicgrounds (1 if group
picnicground, 0 if not).

TC =
24 + 625RVD + a26(RVD)2

+ 027TYPE 2 + 028TYPE3 + 029TYPE 4

+ 030TYPE 6 + a31EL3 + a32EL4

+ 833L + a34G2'

[2]

Passive sites:

TC = 614 + a15PAOT
+ a16TYPE 8'

TC = 635 +
0 36RVD + a37(RVD) 2

+ 038(RVD)3 + 039TYPE 8'

Family campgrounds:

TC = 617 + 018PAOT + a19(PAOT) 2

+a20EL3 + a21EL4 + a22R

+
a23FNF.

TC = 640 + 041RVD + a42(RVD) 2

+ 843EL3 + a44EL4 + a45L

+ a46FNF.

[3]

[4]

[5]

[6]

Equation [1] relates total cost to the PAOT
capacity of active sites. For this function,
a linear form best represented the data. Most
of the TiPAOT interaction variables were sig-
nificant and were included. However, inter-
action variables formed by multiplying EL-
by PAOT were insignificant and so were not
maintained in the equation. The variable dif-
ferentiating group campgrounds was deleted
from the model because there were only three
and no significant coefficients were obtained.
Analysis for group campgrounds was limited to
average costs (Table 3 ) . The L and Gk vari-
ables were excluded from Equation [ 1 ] because
their coefficients were not significantly
different from zero.

Equation [2] relates total cost to active-
site RVD. The best representation of the data
was quadratic. No interaction terms were
significant, but most of the regular TYPEi and
EL] dummy variables were highly significant.
A main difference between PAOT and RVD
models is that remoteness (R) was significant
in the PAOT equation but not in the RVD
equation, and length of season (L) was
highly significant in the RVD equation but
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not in the PAOT equation. Consequently, L
was included in Equation [2], but R was
deleted. Of the Gk variables, only G2, repre-
senting Montana west of the Continental
Divide, was significant.

A linear form, Equation [3], best represented
the relationship between cost and passive-
site PAOT. The dummy variable for major
interpretive sites was highly significant.
Dummy variables for other interpretive type
sites could not be used because of the small
number of observations. An interaction
variable between the TYPE variable and PAOT

8was tested but was insignificant and so was
not included. The variables Gk, R, and L were
deleted from this model because of insuffi-
cient degrees of freedom.

The relationship between total cost and RVD for
passive sites is shown in Equation [4]. As in
Equation [3], most variables were deleted be-
cause of the insufficient degrees of freedom,
an even more acute problem in Equation [4]
because a cubic form best represented the
data. However, the highly significant
Type8 dummy variable was still used because
it greatly improved the explanation of the
total cost.

Equation [5] relates total cost and PAOT for
family campgrounds. A quadratic form allowed
the best fit of the data. Interaction terms
between ELj and PAOT were insignificant, and,
as in Equation [11, the Gk and L variables
were deleted from the function because their
coefficients were insignificant.

Equation [6] relates total cost for family-
campgrounds to RVD. As in Equations [2] and
[51, the quadratic form was chosen. The EL-
dummy variables were highly significani
while interaction terms between EL- j and RVD
were insignificant, which suggests that cost
relationships among campgrounds of different
experience levels are similar in terms of
slope, but different in magnitude.2 As in
all RVD equations, the R variable was insig-
nificant and excluded from the equation. The
fee/no fee variable (FNF) was highly signifi-
cant.

2Gibbs (1980) found the same results when investigating
campground costs in Region Six.

The explicit statistical model determined the
functional form and variables to be included
in each of the six model components. From
these statistical expressions, regressions
were run to estimate coefficients for each
variable.

THE ESTIMATED MODEL
The final model has six components, each a
long-run total-cost function based on stan-
dard multiple regression techniques. The
functions are long run because the data were
taken from sites of different levels of phy-
sical capacity. Planning and facilities costs
were amortized at four percent, and coef-
ficients are expressed in 1980 dollars.

The coefficients in these estimated equations
indicate the amount by which total cost will
change for each unit of change in the value
of the independent variable. For example, in
Equation [7], the term 94.77(PAOT) indicates
that total cost will increase by $94.77 for
each additional PAOT. Dummy variable coef-
ficents show the estimated change in total
cost for site type, experience level, geo-
graphic location, or fee status. For example,
in Equation [121, EL3 and EL4 campgrounds
are estimated to cost $3,556.69 and $7,655.14
more, respectively, than an EL2 campground,
other things being equal. Campgrounds that
charge a user fee should cost $5,152.98 more
than no-fee campgrounds.

Coefficients are "significant" when their
t-values show them to be significantly
different from zero. The higher the t-value,
the more confidence can be placed in the
rejection of the hypothesis that individual
coefficents are equal to zero. Typically,
when a t-value is low, the coefficient is
assumed to be zero, and the variable is
excluded from the equation. Which t-value
justifies rejection is a subjective deter-
mination. One important consideration is
the strength of theory suggesting that a

variable should be included. Variables
without a theoretical basis were excluded
from the model more readily than those
with a strong theoretical basis, such as
the quantity-of-output variable for a total-
cost function. For this reason, several of
the dummy variables with relatively low
t-values were retained in the equations.
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Active Sites:3, 4

TC = - 1161.90 + 94.77(PAOT)
(1.53) (20.52)

TC = - 967.18 + 4.34(RVD)
(0.30) (2.51)

0.00041(RVD)2
(2.77)

+ 1496.83(TYPE2) - 59.50(T2PAOT)
(1.12) (2.97)

- 39.10(T3PAOT) - 37.71(T4PAOT)
(4.00) (2.15)

+ 2215.04(E L3) + 4606.46(E L4)
(2.96) (3.48)

+ 70.13(R).
(4.08)

R 2 = 0.74 F = 78 d.f. = 222

[7]

TC = - 271.81 + 0.72(RVD)
(0.18) (4.17)

+ 0.0000071(RVD) 2 - 1918.79(TYPE2)
(1.36) (1.80)

+ 2674.44(EL3) + 5793.60(E L4)
(2.96) (3.58)

+ 160.87(L) + 2169.98(G2).

(2.11) (2.72)

R2 = 0.57 F = 43 d.f. = 223

[8]
Passive Sites:3

T C = - 2187.43 + 161.47 (PAOT )
(0.69) (6.35)

+ 32665.99(TYPE7).
(4.14)

R2 = 0.83 F = 37 d.f. = 15
[9l

3T he associated Students' t-statistic is in parentheses.
Values are given below each equation for R2 (the percent of
variation in cost explained by the existing variables), F (a
statistic that tests the degree of relation between depen-
dent and independent variables), and d.f. (degrees of
freedom associated with the F-test).
'Group campgrounds were excluded from these estimatedequations, as there were only three.

+ 0.000000012 (R V D) 3
(3.52)

+ 41845.13(TYPE7).
(6.23)

R2 = 0.92 F = 37 d.f. = 13

Family Campgrounds:

TC = - 2152.24 + 113.30(PAOT)
(2.16) (6.34)

- 0.073(PAOT)2 + 1177.03(EL3)
(1.54) (1.12)

+ 2873.65(EL4) + 90.46(R)
(1.58) (4.21)

+ 3535.85(FNF).
(3.16)

[ 10]

R2 = 0.78 F = 82 d.f. = 138

TC = - 355.76 + 0.34(RVD)
(0.20) (1.88)

+ 0.000014(RVD)2
(2.64)

+ 3556.69(E L3) + 7655.14(E L4)

(3.07) (3.91)

+ 169.29(L) + 5152.98(F N F).

(1.63) (3.99)

R 2 = 0.70 F = 54 d.f. = 138

[ 12]

The functions were converted to functions
specific to site type and experience level by
replacing dummy variables with either zero or

-
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one (Table 5)'. In deriving these equations,
we replaced the variables R and L by their
mean values in order to simplify the
expressions. Table 6 gives mean values for
all variables of the six model components.
The FNF term was excluded from functions for
EL2 family campgrounds because fees were not
charged, therefore the value of the FNF dummy
variable would always be zero.

In analyzing and comparing these equations,
it is important to remember that PAOT and RVD
functions represent costs of different produc-
tion processes and therefore are not neces-
sarily similar. It is important to note that
these functions were estimated from a sample
and are reliable only over the range of data
represented by that sample (Table 7).

TABLE 5.

The TYPE. dummy variable used in PAOT an
RVD active-site Equations [7] and [8]
provides estimates specific to family
campgrounds. In addition, Equations [11] and
[12] were uniquely designed to estimate
family campground total costs as a function
of PAOT and RVD, respectively. The collective
and unique cost functions are quite similar
near their respective means and give similar
estimates of total cost for both the PAOT
capacity and RVD output. However, because
the unique equations were estimated only
from campgrounds and contain a variable
associated only with campgrounds, they are
preferable. Also, the variation with RVD
output that is explained is much higher in
the unique equation than in the collective
equation.

ESTIMATED TOTAL COSTS (TC) FOR DEVELOPED RECREATION SITES, U.S. FOREST SERVICE REGION ONE, 1980.

Site type

Active
Family campgrounds
EL2
EL3
EL4

Family picnicgrounds
EL2
EL3
EL4

Boating

Swimming

Group picnicgrounds

Passive

Major interpretive
All other passive

Family campgrounds

EL2

EL3

EL4

Cost as a function of persons-at-one-time
(PAOT) capacity

TC = 284.18 + 94.77(PAOT)
TC = 2,499.22 + 94.77(PAOT)
TC = 4,890.64 + 94.77(PAOT)

TC = 1,781.01 + 35.27(PAOT)
TC = 3,996.05 + 35.27(PAOT)
TC = 6,387.47 + 35.27(PAOT)

TC = 284.18 + 55.67(PAOT)
TC = 284.18 + 57.06(PAOT)
TC = 284.18 + 94.77(PAOT)

TC = 30,478.56 + 161.47(PAOT)
TC = -2,187.43 + 161.47(PAOT)

TC = -286.95 + 113.30(PAOT)
- 0.073(PAOT) 2

TC = 890.07 + 113.30(PAOT)
- 0.073(PAOT)2 + 3,535.85(FNF)

TC = 2,586.69 + 113.30(PAOT)
= 0.073(PAOT)2 + 3,535.85(FNF)

Cost as a function of recreation visitor days (RVD)

TC = 2,424.37 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)
TC = 5,098.81 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)
TC = 8,217.97 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)

TC = 505.58 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)
TC = 3,180.02 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)
TC = 6,299.18 + 0.72(RVD) + 0. 0000071 (RVD) 2 + 2,169.98(G2)

TC = 2,424.37 + 0.72(RVD) + 0.0000071 (RVD) 2 + 2,169.98(G2)

TC = 2,424.37 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)

TC = 2,424.37 + 0.72(RVD) + 0.0000071(RVD)2 + 2,169.98(G2)

TC = 40,877.95 + 4.34(RVD) - 0.00041(RVD)2 + 0.000000012(RVD)3
TC = -967.18 + 4.34(RVD) - 0.00041(RVD)2 + 0.000000012(RVD)3

TC = 2,481.54 + 0.34(RVD) + 0.000014(RVD) 2

TC = 6,038.23 + 0.34(RVD) + 0.000014(RVD) 2 + 5, 152.98(FNF)

TC = 10,136.68 + 0.34(RVD) + 0.000014(RVD)2 + 5,152.98(FNF)
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TABLE 6.

MEAN VALUES FOR ALL VARIABLES IN THE SIX ESTIMATED TOTAL-COST FUNCTIONS.

PAOT functions

Variablea
Active Passive Family
sites sites campgrounds

Active
sites

T C 11,292.41 20,480.23 13,008.16 11,292.41
PAOT 77.93 83.95 79.49
PAOT2 12, 570.78
RVD 4,328.63
RVD2 56 x 106
RVD3
EL3 .52 .63 .52
EL4 .09 .10 .09
TYPE2 .19 .19
TYPE3 .11 .11
TYPE4 .04 .04
TYPE6 .03 .03
TYPE8 .10
T2PAOT 10.21
T3PAOT 10.16
T4PAOT 2.99
T6PAOT 4.72
FNF .24
G2 .42
G3
R 20.62 21.65
L 16.76

aSee pages 13and15 for definitions.

TABLE 7.

RANGE OF DATA REPRESENTED BY THE QUANTITY VARI-
ABLES, PERSONS-AT-ONE-TIME (PAOT) CAPACITY AND
RECREATION VISITOR DAYS (RVD), U.S. FOREST
SERVICE REGION ONE, 1980.

PAOT RVD
Site type Minimum Maximum Minimum Maximum

Family campgrounds
EL2 10 85 400 8,800
EL 15 430 400 39 8003EL4 15 345 1,700

,
39,300

Family picnicgrounds
EL

3
15 25 400 2,200

EL 25 136 100 6 2003EL4 30 160 200
,

16,200
Boating 20 250 100 5,600
Swimming 20 200 400 4,800

Group picnicgrounds 32 490 200 14,800
Major interpretive 120 175 6,200 10,500
All other passive 10 415 300 30,900

RVD functions
Passive Family
sites campgrounds

20,480.23 13,008.16

6,310.53 5,677.55
11 x 107 83 x 106
25 x 1011

.63

.10

.10

.24

.35

.26

16.51

(either PAOT or RVD) for an estimated
average-cost function. For example, when
total cost (TC) is a function of RVD, as in
the expression

TC = 2424.37 + 0.72(RVD)
+ 0.0000071(RVD)2 + 2169.98(G2),

the average-cost (AC) function for boating
sites is derived by first replacing G2 with
its mean value (0.42) and combining terms,

TC = 3335.76 + 0.72 + 0.0000071 (RVD) 2,

then dividing by RVD:

Once the PAOT and RVD total-cost functions
have been estimated, average-cost functions
for each site category can be mathematically
derived by manipulating each equation so that
only the dependent variable, total cost, and
the quantity variable, PAOT or RVD, remain
with a constant term. All other independent
variables are replaced with their mean
values, and the resulting constant terms are
combined. At this point, the function is
simply divided by the output in question

AC = RVD 76 = 0.72 + 0.0000071(RVD).3335

This computation can be made for each of the
total-cost functions shown in Table 5.
Average cost is simply total cost expressed
per unit of output. The average-cost func-
tions corresponding to the linear total-cost
functions derived from Equations [71 and [9]
will decrease over all ranges of output, as
will the average-cost curves corresponding to
Equation [111 with a negative squared term.
The average-cost functions corresponding to
the quadratic total-cost functions derived
from Equations [81 and [12] with positive
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squared terms, and the cubic functions
derived from Equation [101, will decrease
over some range to a minimum, and then
increase.

The estimated total-cost functions can be
used to derive marginal-cost functions in
addition to average-cost functions. Marginal
cost, the addition to total cost realized
when output is increased by one extra unit,
is the first derivative of total cost with
respect to the quantity variable PAOT or RVD.
For example, marginal cost (MC) of boating
sites when total cost (TC) is a function of
RVD

TC = 3335.76 + 0.72(RVD)
+ 0.0000071(RVD)2,

is found by taking the first derivative with
respect to RVD,

MC = 0.72 + 0.000142(RVD).

Marginal-cost functions can be computed for
each total-cost equation in Table 5. For

ANALYSIS OF RESULTS
ECONOMIC EFFICIENCY
Cost functions may be used to determine
the output for maximum economic efficiency, a
point defined as the minimum of the average
total-cost function--by mathematical defini-
tion the point at which marginal-cost and
average-cost curves intersect. The curves can
be derived for each site type from their
estimated total-cost functions, and the
average and marginal relationships can be
used to analyze economic efficiency of the
sampled sites. However, no average-cost curve
derived for PAOT output has a minimum
because the linear total-cost functions
estimated for active and passive sites,
Equations [7] and [91, yield average-cost
curves that decrease at a decreasing rate
over all ranges of output. Instead of
reaching a minimum, the curves are asymptotic
to a horizontal line determined by the slope
coefficient of the total-cost functions. The
estimated cost curves suggest that the
sampled sites will become more efficient as
output increases and that all sites are

quadratic total-cost functions with positive
squared terms, the estimated marginal-cost
function will be a linear relationship with a
positive slope. If a quadratic total-cost
function has a negative squared term, as in
Equation [111, the resulting marginal-cost
function will be linear with a negative
slope. Linear total-cost functions will yield
constant marginal-cost functions; in other
words, the marginal costs will be the same at
all levels of output. Marginal cost derived
from a classical cubic total-cost function,
such as Equation [101, will be a quadratic
function, decreasing and then increasing with
increased levels of output.

The average and marginal-cost functions de-
rived from the estimated total-cost functions
represent their respective relationships only
over the range of data observed. An estimated
linear marginal or average-cost function is
most likely the result of sampling over too
narrow a range of output to reflect both
decreasing and increasing portions of the
curves.

operating at a level below maximum economic
efficiency. Although this may be generally
true, it is a clear contradiction of theory
to conclude that no point of maximum economic
efficiency exists. As we have stated, the
estimated cost model should be interpreted
only over the ranges of output represented by
the sample. Had the data represented wider
ranges of output, the estimated cost curves
would likely have taken on shapes that would
allow points of maximum economic efficiency
to be determined.

The quadratic and cubic total-cost functions
estimated for RVD output do allow estimation
of points of maximum economic efficiency.
These are shown in Table 8 with the average
and maximum levels of recorded use (RVD) for
each site type. Average use levels among
sampled sites are in all instances well below
estimated maximum economic efficiency, and
although at least one EL3 campground, one
EL4 campground, and one interpretive site
operated above maximum economic efficiency,
the estimated maximum for most site cate-



gories is far beyond even the highest output
sampled. This fact might make the reliability
of the estimated points suspect because, us
we have stated, the cost functions from which
they were derived are reliable only over the
range of output represented by the data. How-
ever, the difference between estimated points
and average use levels is large enough to
make credible the conclusion that most sites
are operating below maximum efficiency--not
surprising if the low mid-week occupancy
typical of developed recreation sites is con-
sidered.

TABLE 8.
RECREATION VISITOR DAYS (RVD) OF SAMPLED
RECREATION SITES AND ESTIMATED OUTPUT FOR
MAXIMUM ECONOMIC EFFICIENCY, U.S. FOREST
SERVICE REGION ONE, 1980.

Site type

RVD
Estimated

Mean Maximum optimum

Family campgrounds
EL2 1,858 8,800 15,310
EL3 6,358 39,800 25,114
EL4 11,693 39,300 31,790

Family picnicgrounds
EL2 1,100 2,200 7,372
EL 1,580 6,200 21,229

3EL4 4,550 16,200 28,819

Boating 1,846 5,600 20,049

Swimming 2,144 4,800 20,246

Group picnicgrounds 3,771 14,800 33,227

Major interpretive 8,350 10,500 20,500

All other passive 6,070 30,900 16,200

CAMPGROUND REVENUE
A cost analysis naturally invites comparison
of estimated costs and corresponding revenues.
The only common sources of revenue in Region
One are user fees collected at overnight
family campgrounds, and not all eligible sites
have fee systems. Of those sampled, there
were no EL2 fee campgrounds, but 21 of 93
EL3 campgrounds and 10 of 15 EL4 campgrounds
charged fees of either $2.00 or $3.00 per
party per night.

The total revenue from these fees falls short
of costs (Table 9). User fees for all
EL3 campgrounds, by far the most numerous
type of site in Region One, averaged only 3.3
percent of the total costs and 11 percent of
operation and maintenance costs--$3.30 of
revenue for every $100 of total costs. How-
ever, when sites that charge fees are con-

21

TABLE 9.

AVERAGE ANNUAL COSTS AND REVENUES FOR FAMILY
CAMPGROUNDS, U.S. FOREST SERVICE REGION ONE,
1980. a

Cost/Revenue

Campgrounds

All EL3 All EL4
EL3 fee EL4 fee

Cost per site (dollars)
Operation and
maintenance 4,307 7,636 6,860 7,747

Total 14,459 25,100 29,464 33,691
Revenue per site 471 1,995 1,577 2,208

Cost per RVD (dollars)
Operation and
maintenance 1.39 1.19 0.79 0.68

Total 4.89 3.60 3.06 2.58
Revenue per RVD 0.04 0.17 0.12 0.17

Revenue as percent
cost per site

Operation and
maintenance 10.9 26.1 23.0 28.5

Total 3.3 7.9 5.4 6.6

aTotal costs include those for planning and facilities amor-
tized at 10 percent interest rate. No EL2 campgrounds
charged fees.

sidered alone, the percentages more than
double to 7.9 percent of total costs and 26
percent of operation and maintenance costs.

One factor Table 9 does not illustrate is the
percentage of user compliance. Many recrea-
tion managers said they did not have the
funds and manpower necessary to enforce fee
compliance adequately. In the absence of
regular patrols by Forest Service personnel,
fee payment is on the "honor system." Greater
public cooperation could increase the percen-
tage of total costs recovered.

BORROWED AND
CONTRIBUTED LABOR
During interviews, we attempted to assess all
labor associated with operating and main-
taining recreation sites. Typically, this
meant accounting for three personnel cate-
gories. First were the permanent and tempor-
ary USFS employees, at least part of whose
regular job responsibilities are in developed
recreation and whose labor is, for the most
part, planned, budgeted, and accounted for.
Second were the mainly seasonal employees,
such as fire suppression crews, who can
complete a short job at a developed recrea-
tion site enroute to or from their regular
job activity. This "borrowed" labor is not

I
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what portion of these items should be attri-
buted to developed recreation in general, let
alone in particular. The task becomes more
difficult the farther it is removed from the
Ranger District recreation manager and staff.
Theoretically, adminstrative costs for de-
veloped recreation could be traced to the
Secretary of Agriculture and the President of
the United States, the chief of the executive
branch. Obviously, a line must be drawn
somewhere. For this study, we decided not to
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APPENDIX: EXPERIENCE LEVELS
Site modification

Minimal. Rustic or rudimentary improvements
protect site rather than provide comfort to
users. Synthetic materials avoided. Subtle
minimal controls; no obvious

regimentation,

.
Informal spacing extended to minimize con-
tacts. Motorized access not provided or per-
mitted.

Little. Rustic or rudimentary improvements
protect site rather than provide comfort to
users. Synthetic materials avoided. Subtle,
minimal controls; little obvious regimenta-
tion. Informal spacing extended to minimize
contacts. Motorized access provided or per-
mitted, primarily over primitive roads.

Moderate. Facilities both protect site and
comfort users. Contemporary/ rustic improve-
ments are of native materials. Inconspicuous
traffic controls usually provided for
vehicles. Roads hard surfaced and trails for-
malized. Development density about 3 family
units per acre. Primary access to site over
high-standard, well-traveled roads. Visitor
Information Services, if available, are
informal and incidental.

Heavy. Some facilities strictly for comfort
and convenience of users but no luxury facili-
ties. Facilities may incorporate synthetic
materials. Extensive use of artificial sur-
faces for roads and trails. Traffic controls
for vehicles usually obvious. Primary access
usually over paved roads. Development den-
sity 3-5 family units per acre. Plant
materials usually native. Visitor Information
Services frequently available.

Very heavy. Facilities for comfort and con-
venience of users include flush toilets
and may include showers, bath houses, laundry
facilities, and electrical hookups. Designs
may be formalized and architecture contempor-
ary. Synthetic materials commonly used.
Formal walks or surfaced trails. Obvious
regimentation of users. Access usually by
highways. Development density five or more
family units per acre. Plant materials may
be non-native. Formal Visitor Information
Services usually available. Mowed lawns and
clipped shrubs common. (EL5 sites are pro-
vided only in special situations or near
large cities where other lands are
unavailable.)

Recreation experience
Primitive forest environment dominates. Rudi-
mentary sites isolated from sight or sound of
inharmonious influences. Maximum opportunity
for experiencing solitude, testing skills, and
compensating for the routines of daily living.
No sense of regimentation. Physical achieve-
ment required to reach site.

Near primitive forest environment. Outside
influences present but minimized. Sense of

2 accomplishment but not necessarily physical
exertion associated with low-standard access
to site. Opportunity for solitude and chance
to test outdoor skills.

Forest environment essentially natural. Soli-
tude combined with some opportunity to social-
ize. Controls and regimentation for safety
and well-being of user sufficiently obvious
to afford a sense of security but subtle
enough to leave the taste of adventure.

Forest environment is pleasing and attractive
but not necessarily natural. Opportunity4 for solitude and socializing. Testing of out-
door skills mostly limited to the camping
activity. Many comforts available. Moderate
contrast to daily living routines. Marked
sense of security.

Pleasing environment attractive to the novice
or highly gregarious camper. Plentiful oppor-

rJ tunity to socialize. Contrasts urban experi-
ence and gives relative solitude, but less
intensively than in levels 1-4. Obvious
security and ample provisions for personal
comfort remove need to use undeveloped skills.

'Abstracted from USFS RIM Handbook.
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