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Past wildfire management strategies have neglected State University library. Others were obtained from
the fact that wildfire, may have :beneficial as. well as bibliographic data bases such as FIREBASE and the

.undesirable effectsand that fire management should DIALOG service of Lockheed Information Services,
be viewed, not in isolation, but within the context of which includes AGRICOLA (Bibliography of Agricul-.
overall land management objectives (Barney 1975, ture). Generous support was obtained from USDA For-
Lot_n 1979). As a result, management strategies were est Service and -university researchers with past or
framed with the objective of minimizing the time re- current interest in wildland fire economics. Additional

._ .quired .tocontrol fires, the number of fires, the size of citations and information were obtained from key US-
. • .fires, or the acreage burned. Scant attention waspaid DA Forest Service Cooperative Fire Protection, Re-

;- to the economic consequences of these strategies, search, and National Forest System staffs. State for-

;i! However, more and more fire management agencies esters and other Federal land management agencies
_e now being asked to justify the usefulness of their were contacted by letter and asked to contribute reie-
•programs in-terms of economic efficiency and to fully v_nt .materials and we received a reply from fire man-

- recognize the potential beneficial effects of some fires agement_agencies from 26 States.
_ " as well as the necessity to view fire management as an Even given the effort described above, the bibliogra-_i •

_ ' integral part of land management. Attempts have been phy is not exhaustive. However, we feel it represents

ii
made to determine: appropriate fire management the directly relevantliterature, particul_ly since 1960,

• budgets; proper allocation of expenditures between and accurately describes the current s_te of the art in
:if" various fire management functions; and costs, dam- wildfire economics.

"i_ _ '. . . " _.• ages, and benefits of wildland fire and fire manage- Annotations and key words areprovided fora major-
_ .ment progrm,ns, ity of the references. They are, however, omitted if a ..
ii_ . . The objective ofthis review and interpretation of the copy of the document or abstract could not be obtained

literature pertaining to fire economics is to provide or if the title seemed to adequately describe the con-._ -

•_'. essential.background information for selecting, devel- tent ofthe material. Several books that provide good
i_ ' "op!ngl and applying appropriate techniques for evalu- general background in Wildland fire management or in
_; '. _ing fire management programs., resource economics are listed separately at the end of
. . the bibliography ....• .

- METHODS One or more of the following criteria were used for
• ' including references:

' ._ The bibliography includes references Concerned
, .... with applying economic techniques to solve wildland (1) The reference provided an exampl e of how ex-

[ • fire management problems. It was compiled from an isting economic theory might be applied to fire
. extensive search of a wide variety of sources. Some management.

citations were obtained locally, either from the USDA (2) The reference describeda practical example of
Forest Service North Central Forest Experiment Sta- the use of economics in wildland fire manage-
tion. Fire Management Project files or the Michigan ment using real data.°
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i (3) The reference reflected the use of economics in alternative rate. Gorte and Gorte (1979) describe the •. past Orcurrent research and/or policy direction work of several researchers (O'Connell 1971, Zivnuskaof the USDA Forest Service or other fire man- 1972, Jischke and Shamblin 1974) who have used vari- ._
_ agement agericy, ations of benefit-cost analysis in analyzing fire man- . '

(4) The reference contained a useful bibliography of agement economics. Nautiyal and Doan (1974) used an
, " related material and/or synthesized a large vol- indifference approach with whicha manager can trade

ume of loosely connected information, harvested acres for burned acres and offset protection .
• costs with timber sale receipts. '

(5) The reference was current or its message had
All in all, the economic theory of fire management isretained importance in essentially unchanged

" form. . compatible with basic applied production, or
...... _ microeconomic theory, and is well accepted. Some

models needed to determine the economic efficiency of
some components of fire management programs are

ECONOMIC THEORY available and others are being developed. The "cost"
component needed as input for the models is reasona'

_ bly easy to obtain with good bookkeeping. The basic
Gorte and Gorte (1979) explore the history and difficulty lies in determining and predicting losses and

evolution of economicsasapplied to fire managelhent, benefits, or the net value changes wildfires have i
particularly the cost-plus-loss concept. They trace the Caused or are likely to cause. These crucial elements

: development of this concept beginning with the work for any of the economic models cited above are !i_
of Sparhawk (1925) and Flint (1928) who were among virtually impossible to determine precisely. Even for i

-the first t0deVelopleast-cost-plus-lossmodels. Next, timber, the questions of what the appropriate
they reviewed the work of Hornby (1936) who used discount rate should be for future market values or
acreageburned rather than presuppression expendi- what the future value will be, are unresolved.
ture as the independent variable. They then discussed Nonmarket values and off-site values are even more

• "!i

the research of Headley (1943) who provided "the first difficult to determine precisely.
attempt at a thorough analysis of fire control policy _

i . alternative." ' • io.

i The Workof Craig et al. (i945)who recognized the VALUE-AT-RISK AND ....

, need for marginal analysis is described as are the find- APPRAISAL OF NET VALUE
ings of Arnold (1949) who developed a model to derive
suppression-cost-plus-damage foranumber ofpresup- _ CHANGE
Pressionlevels measured by attack time, and Mactav-
ish (1965) who worked with an expanded version of It has been recognized that pastfiredamageapprais-
Arnold's model. Parks' (1964) model, which was "anal- al systems have not been adequate to serve the needs of •
ogous to the first step of Arnold's model," is noted as is the basic theoretical economic fire management mod-
the Work of Davis (1971) who explicitly recognized els. Economic studies to determine an"adequate level"

some limitations of the least-cost-plus-loss models, of fire protection or "justifiable expenditures" were
Finally, they describe the work of Simard (1976) who undertaken by Davis (1965), Vogenberger et al. (1957), _
augmented the cost-plus-loss concept by equating the Miller (1968) and Arnold (1949). All emphasized the
ratios of marginal factor costs to marginal value prod- difficulty inherent in measuring the value changes
ucts among the various fire management inputs. He caused by fires and prefire values thatcould be affect-
alsoexpl!citlyrecognized the possible beneficial effects ed by fire. All finally resorted to limiting their analysis
of fire using the same analytical technique, to a few of the more measurable market values or to

including subjective approximations forsome values to•Mills (1979,1980) also explicitly recognizes the pos-
sibility •of beneficial wildfire effects noting that the at least show how their models might work. Noste and
"coSt-plus-10SS" concept would be more properly la- Davis (1975) demonstrated the inconsistencies in ap-
beled "cost-plus-net value change." He also correctly praisal techniques by comparing appraisals by the US-

DA Forest Service and the Bureau of Land Manage-
points out that minimizing "cost-plus-net value ment following two large fires.change" leads to the same program selection as maxi-
mizing financial return expressed as present net worth. Wildfire value change appraisal has been receiving
Similarly, the last program increment added before increasing attention. Crosby (1977)developed a gener-
reaching lthe minimum has a benefit-cost ratio of 1.0 al guide for appraising wildfire damages, benefits, and

.and an internal rate of return equal to the next best resource values protected. Marty (1979) developed an

2



' economic valuation system for fire management plan- ment program on six National Forests." This work
ning on the National Forests. Gorte (1979) is complet- will be discussed in greater detail because it repre-
ing a new system that permits more accurate appraisal sents very well the state of the art in evaluating the

*._I Of wildland fire damage in Wisconsin. This system economic efficiency of USDA Forest Service fire man-
_ " recognizes that some fire effects are beneficial and agement programs.

carefully considers nontimber values. Lewis et al,
(1979) are studying the "values-at-risk" from wildfire Schweitzer et al. (1980) evaluated the economic

" in Alabama. efficiency of the initial attack and aviation component
* .... of the fire management program on six widely spaced
" National Forests using a marginal analysis format.
• APPLICATION Minimizing the program cost plus the net change in

-* the value of response outputs and structures was the
Althoughthe solution of prefire value and postfire economic efficiency criterion. Four program levels

value, change problems is incomplete, several recent were evaluated. The results of this study included the
studies have attempted to apply the best information following:

_available in benefit-cost or cost-plus-loss economic (1) "'The lowest program tested was the most effi-
models. Winkworth et al. (1979) areconducting abene- cient in the majority of the simulated fire years,
fit-cost analysis of progress in forest fire protection in 12 out of 17 years."

. North Carolina while Carmichael et al. (1979) have
completed a-benefit-cost study in California. Schweit- (2) "The most efficient initial attack and aviation
zer et al. (1980)evaluated four levels of initial action program• level was not affected by the severity

• and aviation program input using the FOCUS simula- of the fire year in four of the six case study
tion model (Flatman and Storey 1979). forests."

..

Researchers and policy directors-in the USDA For- (3) "The simulated fire suppression cost drops in
- est Service have recognized the need for better eco- response to increases in the initial attack and

nomic information on fire management program alter- aviation program levels in all case studies."
natives. A policy analysis staff report (Gale 1977) (4) "The net value change of resource outputs and

• included the following recommendations: • structures caused by fires was a very small

I. Develop new fire management policies that percentage of the total cost-I-net value Change
provide a broader, more.positive approach to in 13 of the 17 years studied."
fire. (5) "The vast majority of the net value change in

* II. Establishprocedures for determining reliable these cases was the loss of commercial timber
esitmates of forest values, and structures."

III. Develop an integrated fire management plan- The authors also document the limitations of this
ning process, study that must be overcome before a complete eco-

] n0mic analysis of alternative fire management pro-
-IV. Improve the accounting and budgeting sys- grams can be conducted. Included are:

terns of fire management. (1) "Effectiveness estimates of program alterna-
_ ' V. Develop and implement a comprehensive tives and mixes for all five major components of

i . evaluation system, the fire management program (prevention, de-
_ , tection, initial attack, escaped fire suppression,
i Item I. was largely accomplished inFebruary 1978 and fuel treatments) must be incorporated

when a revised fire management policy became effec- within a single model construct."
tive stating: the basic fire management policy on
National Forest System land is to provide well (2) "The range of the program levels tested should

be wider than the 1979 -20 percent to 1979
.. planned and executed fire protection and fire use
" programs that are cost-effective, responsive to land + 40 percent tested in this study to ensure

and resource management goals and objectives, and that the minimum cost + net value change is '
supportive of the 1974 Forest and Rangeland Renewa- located."
ble Resources Planning Act resource outputs. Efforts (3) "The stochastic element must be more corn-
to accomplish recommendations II., IIi., and V. are pletely incorporated throughout the entire
reflected in the work of Schweitzer et al. (1980) enti- analysis from its source in fire occurrence and
tied "A partial efficiency analysis of the fire manage- fire weather variations through to a probability

3
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' distribution of resource impacts and cost + net only for evaluating economic efficiency. Further,
' value Change itself." much of the efficiency analysis has focused on the

(4) "Even though the preliminary sensitivity analy- needs of Federal land managers, particularly the US-

sis in this stUdy demonstrated that errors in the DA Forest Service, inwestern States containing large " • i
fire effects and resource value estimates would acreages of National Forests. In this case it seems
not materially affect the answers on economic reasonable that the costs and benefits of public wild-
efficiency, the accuracy of some of these esti- land fire management should be examined from a"

societal viewpoint because public land management
mates is still quite suspect." . plans and objectives are clearly intended to serve the

This study demonstrates that economic efficiency public interest. _ _ "
analysis for wildland fire management can be practi-
cally applied. At the present time it can indicate The use of economic analysis to examine the equity

..... of wildfire management programs either separately orgeneral management guidelines using the best re-
source value figures and prediction techniques availa- in combination with efficiency analysis has been limit-
ble. _As these improve, more specific guidelines can be ed. The question of equity is much more important

• when developing an economic rationale to evaluate

developed. The sensitivity analysis provides impor- programs for managing wildfire on State and private
tant clues as to which resource value and value change land. To indicate the costs and benefits associated

Variables are most crucial in their influence on the

: anaiysis. Research is currently underway (e.g., AI- with wildland fire management and assume that they
accrue to some vaguely def'med unit called "society" is

thaus 1980, Mills 1980, Simard et al. (1980) that insufficient. Equity analysis is necessary to determine

should improve resource value, value change, and who pays (or should pay) the costs or who reaps the
value-at-risk information including nonmarket, sec- benefits of wildfire management programs. Specific
onclary, and off-site values, questions that must be addressed were posed in a

The few economic studies of State fire management _ State and Private Forestry status report on Coopera-
programs have indicated that past and current fire tive Fire Protection Economic Analysis at a USDA
protection programs have been cost effective and that Forest Service Regional Foresters and Directors meet-
additional investments in these programs are justi- ing in -Missoula in July 1980. They are:

fled. For example, Winkworth et at. (1979) concluded (i) "What level of fire protection and cost is most

"with every passing year, the timber values at risk in appropriate and commensurate with manage-
North Carolina are growing, not only due to the suc- ment objectives and investments for land pro-
cess of public incentive programs but as a result of real tected by States?"
price increases for standing timber. Using economic
guidelines,greater expenditures for fire protection are (2) "For lands protected by States, who has interest

justified (moreover they are essential) when values at and derives benefits from fire protection efforts
risk increase .... North Carolina has not yet reached and costs?"

i_he point of diminishing returns in wildfire protec- (3) "What protection level and cost is required to
tion." The preceding results are in contrast to those protect national interest in the lands protected

obtained for National Forests, which often indicated by States?" _i
that the lowest fire protection level examined was the _
most cost effective. The contrasting results are not (4) "Who should pay the cost of fire protection and
necessarily inconsistent because the fire management why?" _

program_ examined for theNational Forests are much Harden (1980) addressed the first question. He
more intensive and thus more likely to have reached a attempted to measure the cost effectiveness of poten-

point of diminishing returns, tial increases and decreases in a State fire protection .
• budget using information developed in the National

EQUITY Forest System's Fiscal Year 1980 Budget Analysis for• the Mark Twain National Forest in Missouri. He

extrapolated this information to State and private
The state of the art in applying economic principles land in Missouri and obtained additional data from

to wildfire management programs appears to be suffi- the Missouri Department of Conservation to estimate

ciently developed to provide general guidelines and the cost effectiveness. He concluded that reducing
evaluations. Current research holds the promise of suppression expenditures could result in large in-

.improving the state of knowledge and providing more creases in timber damage and that increasing such
specific results. Unfortunately, however, this is true expenditures would be cost effective in eastern Mis-

4



• s0Uri and marginally cost effective in western Missou- value-at-risk information. Recent work by Schweitzer
ri. This approach gives a partial answer to question (1) et al. (1980) and its expansion in the 1980 Budget
but it isstill primarily concerned with economic effi- Analysis (U.S. Department of Agriculture, Forest
ciency rather than equity. Questions (2),(3), and (4) Service 1979b) for the National Forests is
involve equity and remain largely unanswered, representative of the current state of the art. Harden

!

Only a few studies have dealt with the question (1980) has shown that there are cases in which
specific National Forest analyses can be extrapolated

. of equity in fire management programs in to nearby State land, at least in terms of area-wide
conjunction with economic efficiency. Kling (1951) economic efficiency.
and Swager et al. (1958) analyzed the cooperative
forest fire program. Kling was primarily concerned Several problems remain, however, even for eco-
with anonquantitative description and evaluation of nomic efficiency analysis. A gap will always exist
policy and administrative programs. Swager et al. between what is theoretically desirable and what is
attempted to determine" appropriate funding levels practical to apply, given the limitations of time availa-
for adequate fire protection on non-Federal forest ble for management decisions and the cost of informa-
land and how the costs should be shared by Federal, tion needed for available models. The models are

' State, and private parties. Although this research compromises between what should and what can be
provides a gross estimate of equity f(Jr sharing costs done. A similar situation exists for values, value
between Federal and State governments and private changes, and values-at-risk. Theoretically, these
sources, it does not indicate how Federal funds should all be measured and expressed in monetary
should be distributed Among States or how States terms but this may not be practical. For example,
should distribute costs and benefits internally, much controversy occurs as to how losses should be

We did not locate any references since the work of appraised even for timber, one of the most marketable
Swager et al. (1958) that dealt explicitly with the resources. Selecting the proper method to use for

measuring nonmarket values is even more difficult
question of equity in wildland fire management pro-
grams. Although we could have missed some, a decid- and will always be somewhat subjective and arbitrary.

. ed gap in the state of the art of fire economics is At the far extreme of measurement and monetary
clearly indicated. This is surprising, because ques- expression difficulty are noneconomic resource val-
tions of equity would appear to be addressable. Rele- ues, such as endangered species habitat. The
vant data should be available, although somewhat noneconomic value must be recognized and consid-
tedious to collect, and conventional welfare economics ered, however, in determining fire management policy

- and public finance theory should be applicable, and practice. The potential for rare but large and
, . disastrous conflagrations must als0 be considered
I

even though conventional economic efficiency analy-
ses are poorly suited to incorporate such events.

SUMMARY I. contrast to the well developed state of the art for
. economic efficiency, the issue of economic equity has

In terms of economic efficiency, the state of the art received little attention. Serious attention should be
for using economics in wildland fire management has devoted to the question of who pays, or should pay,

i i' made significant advances. Partial economic efficien- the costs and who obtains the benefits of wildfire
cy models have been developed, are being applied, management programs. With such information, more

_ and are capable of providing general guidelines for complete economic efficiency models, and improved

. some aspects of public wildland and fire man- resource Value data, it should be possible to provideagement. Further advances are likely, such as the improved and more specific guidelines for fire man-
, development of more complete economic models as agement, which will result in economically efficient

' well as improved resource value, value change, and and equitable programs.
,
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l ANNOTATZDSISLIOORAPXYOF SELCTZD EFERNCESAPPLYI.O
ZCO O.ICTZCHNIOOZSTOWILDLANDFIRE .ANAOEMSNT
•

Advisory Commission on Intergovernmental Relations
1979. • ""
•The federal role in local fire protection: two case studies in pragmatic
federalism. Case Study NO. 7. The functions of government: political :-
dynamics and public policy. Volume III. The federal role in the •
federal system: the dynamlcs o£ growth. Washington, D.C., 278 p.

KE YWO RDS : '

Alston, Richard M., and David M. Freeman
1975. " ......
The natural resources decision-maker as a political and economic man:
toward a synt.hesis. J. Enviror_. Manage. 3:167-183.

' Examines t,wo' sets of decision ru]_es for planning--the economic benefit-
cost analysis and the sociologY-ca1 approach--and demonstrates the use-
fulness of Integrating the two.

KEYNORDS: decisions, natural resources, beneflt-cost analysis, sociology
..

Althaus, 'Irene A.
198'0. ' ' ".
Resource values module. USDA For. Serv., Problem Analysis, 37 p.
Pa'c. Southwest For. and Range Exp. Stn., Riverside, Calif.

KEYWORDS : _ •

" Anon. .' . • - - |_
; 1965.

The economics of fire protection on wildlands in California: a review
of,research, 1958-196q. University of California, School of
Forestry. 17 p.
Describes fire economic research in California and makes suggestions
for future work and revision.

KEYWORDS: operations research, cost effectiveness,
prodUction relationships _, . • .

' Arnold, ,R.K.
19q9. ,

Economic and social determinants of an adequate level o£ forest fire
control. Ph.D. Diss., Univ. Mich,, Ann Arbor-, 205 p.
, KEY.WORDS :

,

Arrow, K.J ....
' 1966 • •

Discounting and public investment criteria. In A. V. Kneese and S. C. Smith,
eds., Water Research, Baltimore.

KEYWORDS :
.

/
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Askew, Arthur J.
1975.
Chance-constrained dynamic programming. Water Resources Research

• 11(6):862-866.
KEYWORDS:

: Baker, Junius O,, Jr.
[n;d. ]
A poiley regarding fire Suppression in the National Forests. Gov,
Employees, Train. Act, Fire Manage. Grad. Paper, Colo. State Univ., Ft.
Collins. 25p.

KEYWORDS :
.

Baker, aunlus O. •

1975a. ,- ,

A selected and annotated bibliography for Wilderness fire managers.
USDA For. Serv., Washington, D,,C. 36p.

KEYWORDS : _ " ...

Bak.e;r, J. O., Jr.
1975b. ' . •
Wilderness fire management: policy development and implementation.
M.S, Thesis, Colorado State Univ., Boulder.

KEYWORDS: .

•

Bakker, :Pieter , ....
1!975 •
Economic impacts of forest fires: the Entiat case. M.S. Thesis,
0n iv. Wash., Seattle. 113 P.

KEYWORDS :

iBarney, Richard J. ..... _ •
1975. " _ ' "
Fire management : a definition. J. For. 73 (8) :498.
Defines fire management as "the integrating of fire related biological,
ecological, physical and technological information into land management
to meetdesired objectives.,'
• KEYWORDS: fire management, land use

' Barney, Richard J. ._
..197 9 . . :
Wildland'fire research needs in the west: Forest Service managers'

' views, USDA Forest Service Gen. Tech. Rep. Int-63, 15 p. Inter.
.... Mtn. P or. and Range Exp. Stn., Ogden, Utah.

Provldes .guidance for defining and setting priorities in wildfire
research in the western regions of the USDA Forest 3ervloe.

KEYWORDS: wildfire, research needs, problem definition
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i Barrager, Stephen M., and David Cohan1979.
An analysis of the economic value of improved fuels and fire behavior

information. Final Report. Decision Focus, Inc. prepared for USDA
For. Serv., Rocky Mtn. For. and Range Exp. Stn.

KEYWORDS:
i

Baumol, William J.
1969. ,
On the Social rate of discount. American Economic Review, Vol. LVIII,
No. q.

KEYWORDS :

Beall, H.W. _-
19q9.
An outline .of forest flre protection standards.. For. Chron. 25(2):
82-106.
DeVelops standards of fire protection adequacy for Canada.. Primary obJec-
tires are defined in terms of acceptable burned area.

KEYWORDS: flre protection standards, Canada, acceptable burn ,
___-

Belchler, W.K.
1940.

Fire control objectives and public finance. J. For. 38(q):333-338.
Discusses the proper objectives for a fire control agency and provides a
detailed recommendation as to how to obtain adequate, Justlfiable funding.

I KEYWORDS: fire control, public finance,, funds, objectives
• _ :

, .Bo.nnicks.en, T,M., and R.G. Lee
'. !979,

Persistence o£ a fire exclusion policy in Southern Californla: a biosocial
interpretation. J. Environ. Manage. 8(3):277-293.
Uses a systems model to interpret the persistance of an unsuccessful
wildfire exclusion policy. •

KEYWORDS: wildfire, watershed management, forest management,
systems analysis, decision-making models, land use, fire management,

fuel management, fire control, ecosystem !

Boyce, :Stephen G • _ :"

1977. _
Management of eastern hardwood forests for multiple benefits (DYNAST-
MB). USDA. For. Serv., Res. Paper S.E.-168. 116p. Southeast. For. Exp.
Stn., Ashevtlle, .N.C,
Describes a new technique to harmonize forest management actions for multi-
ple benefits, to give all interested parties an opportunlty to participate
in the selection of blologlcally posslble combinations of benefits, and to
provide alternatlves for management prevlously not avallable.

• KEYWORDS: multiple benefits, silviculture, forest management,
system dynamics



Brady, R. Paul
1978.
Forest fire value appraisal, fire effects-,values-at-risk. Can.
For. Serv. Working Paper. 35p. For. Fire Res. Inst., Ottawa, Ont
Examines forest fire value appraisal, fire effects and values-at-risk in
Canada.

, KEYWORDS: fire value appralsal, fire effects, values-at-risk• _ ,
|-

. Brady, R. Paul
1979.
Forest fire value appraisal. 6p. [Presented at International Fire
Management Workshop, Edmonton, Alberta, October 31-November I, 1-978.]

• Describes the general kinds of forest resource values, the general trends
In Canadian practice for evaluating fire effects and the. kinds of
improvements that are being tested.

EEYWOaDS: Value appraisal, Canada, fire effects

Bratten, Fredrick W. '
1, 1980. -

Probability model.for analysis of fire management alternative in FEES
(Fire Economics Evaluation System). USDA For. Serv., Problem analysis.
22 p. Pac. Southwest For ....and Range Exp, stn., Riverside, Calif ....

KEYWORDS :

Bratten, Fredrick W., James B. Davis, George T. Flatman, Jerold W. Keith,
Stanley R. Rapp, and Theodore G. Storey.
1980. ....
FOCUS: a fire management planning system, final report. USDA For. Serv.,
Manuscript on file. 96 p. Pac. Southwest For. and Range Exp. Stn., River-
side, Calif.

KEYWORDS: _ '

Brodie, J.D., D.M. Adams, and C. Kao
197.8. _ "....

Analysis of economic impacts on thinning and rotation for Douglas-fir,
2_' using dynamic programming, For. Sci. 2q(q):512-522.
!_I KEYWORDS: computer techniques, systems analysis, simulation

!•, . . . :

Birold0, A , R.J Mc Conne, and W G O'Regan_ _ • • . • •

" 1965 . - . -.

Some operations research applications in the conservation of wild-
_ land resources. Manage. Sci. 11(9):802-81q.
_!_ indicates some of the limited operations research done on wildland prob-

ii l ems and calls attention to the ever increasing opportunity for more effort.
'-. KEYWORDS: planning, fire costs, model, resources
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Bromely, D.W., W.B. Lord, D. Sharma, F.A. Clarenbaeh, F. Bennet, R.
Conover, M. Feldman, R. Hartung, J. Ruehing, F. Seharnke, T. Slater, M.

Villamizert M. Warner, B. Weber, and E. Wooek
1970. _ . _" _
Procedures for evaluation of water and related land resource projects: an '
analysis of the Water Resources Council's task force report. Center for
ReSource Policy Studies and Programs. The University of Wisconsin..

KE YWO RDS : , 'i_

Brown, Thomas C., and Ron S. Boster
197q.

EffeCts of chapparral-to-grass conversion on wildfire suppression costs.

USDA For. Serv., Res. Paper RM-119. _ 11 p. Rocky Mt. For. and Range
Exp. _ Stn., Ft. Collins, Colo. _-

Analyzes case histories of large chapparral fires in Arizona's Salt-Verde
Basin, _ ' - . _

KEYWORDS: fire use, economic evaluation, fire hazard reduction,

chaparral conversion ....

Brown, _Thomas C., and Ron S. Boster
1978.
iOn the economics of timber damage appraisal for public forestry.
J. For. 76(12) :777-780.

Demonstrates the difference in damage appraisal methods needed if

ownership aim is maximum mean annual increment rather than maximum
site rent. -. ,_

"_--_.__.

KEYWORDS: damage appraisal, suppression expenditures, public forests -I
....... 4' Brown, Thomas C., Paul F. O'Connell, and Alden R. Hibbett

9

Chaparral conversion potential in Arizona. Part II: an economic analysis.
US DA For. Serv., Res. Paper RM-127. 28 p. Rocky Mr. For. and Range Exp. |
Stn.:, Ft. Collins, Colo.

Compares the costs of converting chaparral to grass and maintaining the

Conversion over a 50 year period with the benefits to society in
•

termS of increased water yield and forage for livestock, and reduced _
fire fighting costs.

KEY WORDS: chaparral control, multiple use, economic evaluation,
• c_Ost estimation

• , ,

Bruce, David

1963.
How many fires? Fire Control Notes. 2q:q5-50.

DiscuSses relationships of fire danger classes and human-caused fires in
Louisiana and Missouri. .

KEYWORDS: fire danger classes, number of fires, frequency,

mathematical relationships

,



Bruce., N,G.
1973.

Forest fire c_ntrol literature, An author bibliography of CFS pub-

_. lications. Can. For. SerV., Misc. Re:p. FF-Y-1. 100 p. For. Fire
I Res. Inst., Can.

KEYWORDS: _ ...
i

Buhy0ff, G.J., W.A. Leuschener, and J.D. Wellman
i. 1979.

Aesthetic impacts of southern pine beetle damage. J. Environ. Manage.
8(3):261-267.

• Studies the aesthetic impact of southern pine beetle damage using a

paired comparisons meth.od tO determine the preferences of subjects
differing in their socialization of forest management..

•

KEYWORDS: landscape preference, aesthetic impact, insect damage
;o

Burtner, C._ E.
1966.

The economics of a fire protection pr0gram. Fine Technology 2(I):5.
Discusses a method for quantitatively evaluating cost, not from an

eco,omist's point Of view, but as an engineering analysis. Describes the
method and gives an example of its application.

_ KEYWORDS: fire protection, cost

ii Burton, lan, and Robert W. Kates•i964.

:: The perception of natural hazards in resource management. Nat. Res. J.,

i " Jan., pp. 412-41.

•

KEYWORDS : , ..
' . . . " •

: Capei, R.E., and A.G. Teskey

1970.

Efficiency in suppressing forest fires: a study of the Southeast area
_ of Manitoba. Can. For. Serv., Inf. Rap. MS-X-2q. 17 p. For. Res. Lab.,

Winnipes, Manitoba.

:_ Evaluates criteria for expenditures on forest fire control, with special
_ application to the Southeast forest area of Manitoba.
_' -KEYWORDS: suppression, area burned, efficiency criteria

Car!son, Gerald A., and Donald V, DeBord• ,

,_ 1976. :.

Public mosquito abatement. J. Environ. Econ. and Manase. 3(2): 142-153.
Develops a simultaneous model for mosquito abundance and abatement response._I

KEYWORDS: mosquito abatement, economic model

.

II



r.

Carmiohael, H.E., C.R. Alexander, J.C. Ellis, and K.E. Wedemeyer .

197 9.1_
Firescope economic effectiveness. Vol. I: benefit-cost analysis.
Prepared for U.S. Department of Agriculture, Forest Service by -"
Aerospace Corp., E1 Segundo, Calif., 75 p.
Presents an analysis of the economic costs and benefits which are -
expected to result from implementing any one of three candidate wildfire
protection systems. ,

KEYWORDS: flrescope, benefit-cost analysis, fire protection, California

Carroll, Franklin O.
1975. _

Fire prevention inspection pays big dividends. Fire Management 36(3):15. :_
Shows that inspection of fire and logging equipment is an effective method ,
to reduce number of fires and acres burned. _ i

KEYWORDS: inspection, equipment, fire prevention ._,.,

• chandler, Craig C. ,
• 1960. i

How good are statistics on ftre causes? J. For. 58(7):515-517.
Discusses the reliability of fire statistics in planning. - :

KEYWORDS: statistics, planning, fire causes, accuracy
;

Chandler, Craig C.
196i. • "

R'isk rating for fire prevention planning. J. For. 59(2):93-96.

I Develops a new system of risk rating designed to compare areas with
• , radically different prevention problems.

i . KEYWORDS: risk rating, fire prevention, weather, fuels, risk,
prevention effectiveness

chandler, Craig C., and James B. Davis
196 1-.

What do people know about fire prevention? Fire Control Notes 22:9-12.
Shows how much different types of people know about fire prevention.

KEYWORDS: fire prevention, education, survey, people

chandler, Craig c., and Charles F. Roberts
1973.-.
Problems and priorities for forest fire research. J. For, 71 (10) "625-628.
ShoWS how forestry is changing in orientation and focus and the resulting
need for new direction in formulating fire protection policy and identi-
fying fire research needs.

KEY WORDS: hazard reduction, flre behavior and effects, policy,
rlsk reduction

12
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j

Childs, Dan, Gerald D0esken, and Jack Frye
1977.

!:I Economics of rural fire pro:teotton in the Great Plains. Economic De-
:j. velopment Division, Economic Research Service, USDA Agriculture Information
! Bulletin No. _07. 35 p.

PreSents data and procedures to help local decision makers analyze
o'-. alternative rural fire protection systems.

KEYWORDS: Oklahoma, rural fire protection, economics
.

Cirtacy-Wantrup, S.V.
1964.

"Beneflt-cost analysis _and. public resource development." In Smith,
S.C., and E.N. Castle, eds., Economics and Public Policy in Water Re-
Source DeveloPment. iowa State Univ. Press, Ames. .

_., KEYWORDS : .:

1977 ..:, :- ,." ' •
•

Slte rent, air quality, and the demand for amenities. J. Environ. Econ.
and Manage. q(3):21q-218.
DiscUsses the meaning o£ the hedonic equation.

KEYWORDS: site rent, air quality, demand for amenities, hedonic function

Cohen, Alan S. -.." " ..
1975, ."
:Note on "benefit-cost analysis: a questionable part of environmental

• decisioning." J. Environ. Systems 5(3):229-231.
KEYWORDS :

ConnaUghton, Charles A,
1970. - . - .
Flre .related research and development needs, In The Role of Fire in the
Zntermountain West:. Symposium Proceedings,. Fire Research- Council, Missoula.,
Mont,, pp, 199-201,

-.: KEYWORDS : . .. ,
_, ,

:_:. .Countryman, C.M.

.. . •
_' 1,966,

?" Rating fire danger by the multiple basic index system. J. For. 64(8):
:! ., 531,-.:536....... ,
t, Breaks down fire danger in:to its component parts and determinants that con-
_:_ trol them. Explains advantages of the multiple index system.
,, , KEYNORDS: basic indexes, fire danger, rating system
_" , " ., :_ ..

, Cowles, Floyd R. ..
1,972; . ". -

, Railroad-caused fires: what starts them, what keeps them going. Flre
•: Management - 33(2):12-1q.

Causes of railroad fires and what has been done to prevent them.
" KEYWORDS: equipment, heat, fire, prevention

• ..

_.

.
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i Coyle, oLeonidas
A _

1-929

A basis for determining proper expenditures for fire protection.
J. For. 27(2):1q8-150. : ' ' :' -" i
Compares the fire protection results from funds spent as opposed to
the potential results of spending none at all. "

KEYWORDS: risk, cost, money, fire protection • " . -
..

Cra!g, R.B., B. Frank, G.L. Hayes, and G.M. Jemison :,

1945..., : "1
Fire losses and Justifiable protection costs in the southern piedmont of
Virginia..USDA For. Serv., Appalachian For. Exp. Stn., Asheville, N.C.

KEYWORDS : . •

Craig, R.B., B. Frank, G.L. Hayes, and T.F. Marburg
1946a, _ •

Fire losses and justifiable protection costs in thesouth-western
coal section of Virginia. OSDA _or. Serv., Appalachian For. Exp. Stn., ._
Asheville,.. N.C. , , " " i,i

KEYWORDS: " .,. ,:
-,. . , ., ,", ,., : ----- .: , . ]{:

Craig, R.B., T.F. Marburg, and G.L. Hayes : "
19q6b,
Fire losses and Justfiable protection costs in the coastal plain region .
of South Carollna. USDA For. Serv., Appalachian For. Exp. Stn., Asheville,
N.C. ,.
' KEYWORDS:

Crosby, John S. -
.: 1954. ,.:

Probability of fire occurrence can be predicted. USDA For. Serv., Tech. '
Paper 143, lqp. Central States For. Exp. Stn., Columbus, Ohio.
Shows how a danger meter can be used. to predict the number and size of
fires in the Central States.

KEYWORDS: fire danger, risk factor, fire size, budgeting, effectiveness
.

CrosbY, John S.
1977. ,• . .

A guide to the appraisal of wildfire damages, benefits, and resource
values protected. USDA For. Serv., Res. Paper NC-142, q3 P., illus.
North Central For. Exp. Stn., St. Paul, Minn.
A Set of value concepts and methods for appraising both values-at-
risk and changes in value resulting from wildfire are presented. Emphasis
is place'd on the effects of forest fires in terms of their effects on
human and organizational goal achievement.

KEYWORDS: forest fire damage appraisal, forest fire benefits,
values-at-risk, forest fire planning

.
• ;.

..
,
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Cunntngham, A.A., and D.L. Hartell
_ 1976.

The use of subjective probability assessment to predict forest fire
_1.. occurrence. Can . J . of For . Res • 6(3) : 348-356.
, KEYWORDS: fire danger, assessment. ,fire control :

..

Curry, John R.
19.38.., :

i!_i Notes on a theory for fire protection expenditures. USDA For. Serv.,
Unpublished Report. l q p. Cal. For. and Range Exp. Stn., Berkeley, Calif.

: Uses damage costs, suppression costs and preparedness costs to demonstrate
_:I the most efficlent slze of force and the resulting acceptable acreage

burned.

- KEYWORDS: fire protectlon, damage, suppression costs, guard costs

Da_vls-, James • B., and Craig C. Chandler
• . . -

1961. " .. ]_Wha_ People think about flre aw enforcement. Flre Control Notes
_i_ 22 : 13-15 • ... '

Discusses what people in California know about fire law enforcement.
KEYWORDS: fire law enforcement, people, California

Davis, James B., and Robert L. Irwin
197"6. .

: FOCUS: a computerized approach to fire management planning. J. For.
' 7_(9) :615-618.

Expl'ains hoe FOCUS. a computerized approach to fire management planning.
Works. ..... .....

KEYWORDS: Vomputer program, fire management, FOCUS:

, Davis, James B., et a.l.
19.77-. .. _ -
Task force 5: economic considerations in flre management planning.
In Fire planning research status and needs: report of the Forest

.

"_i .Service fire research project leaders' conference, pp. qO 102. Jan., 11-!3, 1977. Ha.con, Ga..
" Shows how the economics of fire management planning can be ti,ed ..
_: directly to land management planning as part o£ the overall RPA require-._ _. ":

,. .ments and schedules.

,' , ,KEYWORDS: economics, fire management, land management -

,,' -Davls, James B.
,r

, 1979-.,

, A new, fire management pollcy on Forest Service lands. Flre Technol.
_.. 15 ( 1 ) : q3-50. ,

" KEYWORDS: ".

..
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I Davis, .Lawrenoe S

.1965. • I
The economics of wildfire protection with emphasis on fuelbreak " Isystems. Calif. Div. For., Sacramento. 158 p.
DevelOps a production model of wildfire protection that includes
the multiple inputs of suppression and fuel modification. Uses the
model to estimate the productivity of protection activities in California
and to investigate the economic potential of large scale fuel modification. I

KEYWORDS: production economics, wildfire protection, fuel breaks

Davis, Lawrence S. _ ; '
1971. _ '

The economics of fire management. In Planning in Fire Management Pro- +
ceedings. Southwest InteragenCy-Fire Council, Phoenix, Ariz., pp. 60-69.

KEYWORDS : , ' !

Davis, .Lawrence S ' +•

1974 _. -- _ _ . -_ . _+ .......
An exploration of the economics of fire management programs in the
Rocky'Mountains with emphasis on information needs. Unpublished
manuscript. 19 p. .'
Defines fire management, develops a general economic model for program
evaluation, classifies benefits, costs and damages related to fire• _ _ ,

management, and suggests some procedural and research activities.
'KEYWORDSz fire management model, program evaluatlons, individual

fire evaluations ,

• Deem inK, John E., James W. Lancaster, Michael A. Fosberg, R. William
' Furman, and Mark J Schroeder• . .

1972.
National Fire-Danger Rating System. USDA For. Serv.., Res. Paper RM-84,
165 p. Rocky Mtn. For. and Range Exp. Stn., Fort Collins, CO.

KEYWORDS :

' t

-Devet;. David D.
197:5,
Wildfire used to achieve land management objectives. Fire Management

+ Vol. 36, No. I,_ US Government Printing Office, Washington, D.C.
• . KEYWORDS: ..

:Donoghue, Ltnda R.
i979.
Developing methods for evaluating the effects of fire prevention on re-
ported, man-caused wildfire occurrence.- USDA For. gary., Problem
Analysis., 14 p. North Cent. For. Exp. Stn., E. Lansing, MI.

KEYWORDS:, . .
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Doolittie, M.L., and M.L. Lightsey
" -1979.

, Southern Woods-burners: a descriptive analysls. USDA For. Serv., Res.
_, Paper S0-151. 6p. South. For. Exp.. Stn., New Orleans, La.
' Describes three groups of woods-burners identified in a survey of ;q
. problem areas in the south. Also explores prevaillng attitudes toward
- woods-burning in these rural communities.

., . KE:YWORDS: fire concentration, incendiarism, prevention
....

I Dunwoody, Charles G. , _
' 1929. -

, Who should bear the responsibility of provldlng fire protection on lands
,. outside the national forests? J. For. 27(2):151-15q.

- KEYWORDS: California -• ,
t ..

i EckelS,____Karen L., and Alan R. Taylor '
---.lq7q. Q_B

. FIREBASE. The wlldland flre blbliographlo information system. ,_
1 Environ. Manage. 3:21-27. '
, KEYWORDS: _" ' , - , -, ' .

• ...

-" Eggin8, Louis T., and Richard J. Barney-', _
.1_79. > ,

Fire management: a Component of land management planning. Environmental
ii :Management 3(1) :15-20 ....

:' 'ExPlains Why :fire management should be viewed as an integral component of
a general land use Plan. .... ,- -

•

:_ KEYWORDS: fire management, land management, resource management
j4 ....
: ... ._ . .... .,-._ ° .
- : • , . •

_: Egg in g . ....,, ; Louis T., Richard J. Barney, and Rita P Thompson ..
"! 1980. " - '

" A: conceptual framework for integrating fire Considerations in wlldland
_r planning. USDA For. Serv., Res. Note INT-278. 11p. Intermt. For. and Range
• Exp. Stn., Ogden, Utah.

•"'}! Offers a system for land management planning to enable managers to include
and evaluate the effects Of wildfire or prescribed burning on resources.

_:I .. KEYWOR.DS: fire management, land use planning
._i!"i ' " ' "' : : ' -

.,, , EI.I!s, Thomas H, "-...... ,
.... 1977. ' ,

-_ Evaluating national fire planning methods and measuring effectiveness of
':_ presuppresslon expenditures USDA, For Serv , For Products Lab , Madison,• _._ - • • • • . •

/, ' WI. "
..

. ::_:, KEYWORDS: ..• .

..

I• . .• . .

t , ..
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°

Ewart, Jerry
1976.
Hot shot crews pay big dividends. Fire Management 37(1):1q-16.
Shows that hot shot crews that are trained to work together and who know _b

fire behavior, fire weather and their equipment are effective on fires.
KEYWORDS: costs, tralnlng, suppression ... . ..,

Fischer, D.W., and G.S. Davies , . " _,
1973.
An approach to assessing environmental impacts. J, Environ. Manage. t
1(3):207-227.

KEYWORDS :

Fischer, D.W. - - _
1975 ....... _ ql
Willingness to pay as a behavioural criterion for environmental decision- ' i
maklng. J. Envlron. Manage. 3(I):,29-qi. ,

,Attempts to summarize and pull together the structure for showing the !
economic, nature of the perception problem and to demonstrate the inherent i
problems in the use of willingness to pay as a behaviourial criterion for |
environmental managers and researchers _;

KEYWORDS: wlllingness to pay, envlronmental declslon-maklng, .
economic nature,of perception

Fisher, Anthony C., and John V. KrutiZZa :_

Valuilng long run ecological Consequences and irreversibillties. J. Envlron. _
• Econ. and Manage; 1:96-108.

Uses central Florida as an example of reversible vs. irreverslble decisions, _It.-e., perpetuating the area for nature vs. draining for agriculture.

KEYWORDS: irreversible, reversible, economics
.. _

Flatman, George T., and Theodore G. Storey
1979 .. "
Decision techniques for evaluating fire plans using FOCUS simulation. "_
USDA For. Serv., Res. Note PSW-338. 6p. Pac. Southwest For. and Range

• i
,Exp...,Stn.., Berkeley, Calif.

_Descrlbes and illustrates how the cost-plus-loss and beneflt-cost
methods:, in conjunction wlth FOCUS slmulation, can help to quantify
the evaluation of a variety of fire planning decisions.

KEYWORDS: fire suppression strategy, beneflt-cost analysis, fire damage,
decision making, computer programs, FOCUS

Flint, Howard R. '
1924. " " i
The appraisal of forest fire damages. J. For. 22(2):15q-161.
DiscUsses the uses of forest fire damage information and appraisal methods.

KEYWORDS: fire damage, definition, damage, appraisal, values

..
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! Fllnt, HOward R
1928.
Adequate fire control. J. For. 26(5):62q-638.

• NSuggests a working definition for the term "adequate fire control.
KEYWORDS: adequate fire control, adequate fire protection, cost, losses!

- Flor-a, D. F.
; 196"8 •
• Pooh on damage appraisal, J. For. 66(1):12-16.

Reviews alternative damage appraisal measures, thetr merits and limitations.
" KEYWO.RDS: physical measures, eoonomle measures

'_ Fo!kman, William S. ,
1-965.
Forest fires as accidents: an eptdemtologtoal approach to ftre prevention

research. (speech) 15p. [Presented at "Keep Green" Luncheon, 56th Western
Forestry Conference of the Western Forestry and Conservation Association,

" Vancouver, B.C., December 8, 1'965.]
Compares accident research to forest fire prevention research.

KEYWORDS: fire prevention, eptdemtology, accidents

Forsta11, Fred, Wt111am F. Hyde, and J. Michael Vastevtoh
[n.d. ]
Statistical analysls of forest flre statistics and causal factors.I

Duke University School of Forestry and Environmental Studies. USDA
For. Serv,, S.E. For. Exp. Stn. and USDA For. Serv., State and Private
Forestry, Co-op Fires Protection Study Plan. 3 P...

KEYWORDS : .-

_ Fuioher, G.D.
1977. _
Wise use of economies and economists in public land natural resource
management. USDA Gen. Teoh. Rep. NO-2, pp. 5q-58. Nashlngton, D.C.

KEYNORDS :

Gale, Robert D.
1976. '

, Establishing the benefit of flre management. (Speech) 9P. [Presented at
Colloq. Fire Econ., Denver, Colo., Sept. 9, 1976.] •

• KEYWORDS:

Gale, Robert D.
1977.
Evatua.tion of fire management activities On the National Forests.

I Policy Analysis Staff Report. Forest Serv., U.S. Dep. Agrlc.,
washington, D.C., 127 p.
Evaluates fire management practices, procedures and management

:. strateg!es of the U.S. Forest Service, and examines the appropriateness
of achieved results.

KE-¥NORDS: pollcy, management strategles, economlcs, Natlonai FOrests
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Gamaohe, Adrien E.
1969.
Development of a-method for determining the optimum level of forest fire .

suppression manpower on a seasonal basis. Ph.D. Diss,, Univ. Wash.,
Seattle. 163 p. -. ' _ _
Develops a simulation model throuKh which the classical objective of

" might beforest _ire protection, that of "least cost-plus-loss,
impl eme n te d. ' .,,

KEYWORDS: fire suppression, economic theory, simulation model

Gibson, H. P., Lance F. Hogdin, and John L. Rich _
1976. ;
Evaluting national fire plannlng methods and measuring effectiveness of
presuppression expenditures. USDA, For. Serv., Washlngton, D.C.
KEYWORDS: : , . ....

Gisborne, H.T; . ., , . : _
..

1939., : - : '
Hornby' S pr inclples of fire control planning. J. For. 37 (4) :292-296. i
Outlines Hornby's principles of fire control planning. Emphasizes the
:major features which have too often been obscured by the detailed technical i
procedures. , ,.

KEYWORDS: fire control planning, fuel types, research
.

Gisborne, H.T. ........ ,:_, • , "
19q0. : ' , . ' _ ..... '"
Comparison of intensive versus limited forest fire control action. USDA
For, Serv., Res. Note 10. 5p. Northern Rocky Mt. For. and Range Exp. Stn.,
Missoula:, . Mont."'
Compares the economic impact of fires on an intensively protected area in
Idaho and Montana and an adjacent area with limited protection in Canada. 'l• .

KEYWORDS: intensive protection, limited protection, Idaho, Montana, , _:
British Columbia - , ....

G.orte,. Julie K., and Ross W. Gorte
1979..
App!icatlon of economic techniques to fire management--a status review
and evaluation. USDA For. Serv., Gen. Tech. Rep. INT-56, 28 p. Intermt.
For. and Range Exp. Stn., Ogden, Utah. _ _
Discusses both the historic and contemporary influences of economies in
formulating USDA, Forest Service fire management policy in allocating
money for fire management and in appraising fire effects. Includes a

• partial l lstlng of publications that deal with resource valuation.
KEYWORDS: economics, fire management, beneflt-cost analysis,

damase appraisal

.,
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Gort.e, ROss W.
. 1979.

Fire effects appraisal handbook for Wisconsin. North Central Forest
. Exp. Sin., East Lansing, Mich. "

Develops a new fire effects appraisal system for Wisconsin which recog-
nizes non-timber wildland values and the possible beneficial effects of

.... fire.

_' KEYWORDS: fire effects appraisal, economics, Wisconsin
/

i

Grah, Rudolf F., and Alan Long

California _ fuelbreak8 = costs and benefits, a. For. 69(2)'89-93.
Discusses the construction of fuelbreaks in central California.
_ KEYWORDS: cost effectiveness, cost benefit, timber value, fuelbreaks .,

- Gree-n3_ee, Jason, and Carl Wilson ....
1979. _

Cost effective fire management: a pilot study. For USDA For. Serv.,
Sequoia National Forest, Porterville, Calif.

- KEYWORDS :
• . • .

Haines, Donald A., Von J. Johnson, and William A. Main
1975. '

Wi!dfire atlas of the Northeastern and North Central States. USDA For.
Serv., Oen. Tech. Rep. NC-16, 25p,, illus., North Cent. For. Exp. Stn.,

,:St. Paul, Minn.
Describes patterns of forest fire actlvity across the Northeastern and
North Central United States. Gives average dates of greening and curing

• of her baaeous plants, median size of fires in varlous fuels, and annual
, profiles of peak fire activity. It also examines comb inatlons of _ma3or

.- fire causes and day-of-week activity. _ .
• KEYWORDS: fire danger rating, herbaceous stage, fire season,
national forests

..

Harden, Charles H.
1980.
Forest fire protection economic analysis, Missouri Department of

.... Conservation. USDA. For. Serv., Cooperative Fire Protection.
• Washington, D.C. 13 p.

Measures the cost effectiveness of potential increases and decreases
In a State fire protection budget.

KEYWORDS: cooperative fire protection, economic analysis, cost
, effectiveness

..... -
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i •

Harrtson,-H. Ames
, i977.

Rural oommunit-y fire protection program: two years of aooomplishment.
J. For. 75( 12):780-781.
Describes the operation o£ the Rural Community Fire Protection Program '
(RCFD) and ottes examples of its accomplishments in 1975 and 1976.

KEYWORDS: fire proteotton, rural communities, cooperative fire management

Headley, Roy
1916.
Fire suppression district 5. USDA For. Serv., Ray 1, 1916, 58p.

KEYWOR.DS :

Headley, Roy _ -....
19q3.
Re-thinking forest fire control. USDA For. Serv., Res. Paper M-5123. 361p.
North. Rocky Mt. For. and Range,Exp. Stn., Missoula, Mont.

KEYWORDS: '

Hell!well, D, R. "
197q.
Discount rates in land-use planning. Forestry q7(2):1q7-152.

Suggests that discounting procedures employing rates similar to the current
bank rates are not appropriate in forest planning and that much lower
discount rates should be used, together with an assessment o£ the ratio

• of expected income to capital Investment.

i KEYWORDS: discounting, forest planning, land-use planning

I Holley, Lester
• . , °[n.d.] ' '
An. 1ilustratlon of "least-cost-plus-loss" and "beneflt-cost" in,.

determining the optimum level of forest fire protection. Draft Man-
uscrtpt, N. Carolina Division of For. Resources. 11p.
Illustrates "least-cost-plus-loss" and "benefit-cost" models ..
in the context of a flre budgeting problem to show that they are
equlvalent.

KEYWORD$: fire protectlon, least-cost-plus-loss, benefit-cost,
budgets

'Hornby, L.G.
1936. '

Fir e control planning in the northern Rocky Mountain region. USDA For.
Serv., Mtssoula, Mont. 179p.

KEYWORDS :•

Hubert, C.A.
- 1959.

The economics of adequate forest fire protection. Pulp and Paper Mag. of
Can., Woodland Section. March:15q-159.

,-
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Hughes, Jay M.
1976.

' The Resources Planning Act and some gut t ssues for forest economists.

I South. For. Econ. Workshop, Savannah, Ga. May 1976. lqp.
_' KEYWORDS :

' I Jeffers, J N R

• , , • • •

!973 .. -" ' -

_ . Systems modeling and analysts in resource management. J. Environ. Manage.
I(I): 13-28.
Reviews some of the current developments in systems modeling and analysis
in resource management, and also discusses the application of mathematical

" models and techniques to the problems which particularly interest ecolo-
gists-, geographers, geologists, meteorOlogists and oth.er branches o£ the
environmental sciences. -. ,

_KEYWORDS: systems modeling, resource management

Jischke, M., and J. Shamblin ' -
197q. " " "

•

Chapter I: introduction, section c, wild land fire management, volume 1:
prevention methods and analysis. Stein Welssenberger, ed. Stanford

• Univ., SChool o£ Eng., NASA Contract NGT-OS-O20-q09.
KEYWORDS :

..

Jones, T. Mor rls, and H. B. Badenhop
: 1977. ..
Fire" protection alternatlves, for rural communlt.ies. Bulletln 568..

' U. 0f Tenn., Ago Exp. stn.
• KEYWORDS :
,

Kalter, R.J., W.B. Lord, DoJ. Allee, E.N. Castle, M.M. Kelso, DoW.
•-., Br0mley, S.C. Smith, So V. Ciriacy-Wantrup, and BoA. Weisbrod

1969.
Criteria for federal evaluation of resource investments. Water Resources
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Kelso, "M.M.
1977.
Natural resource economics: the upsetting discipline. Amer. J. Agr. Econ.
59(5) :81q-823. ""
Demonstrates the incompatibility between natural resource economics (which
Should perceive nature as a closed system) and the conventional economic
wisdom. _ •

• KEYWORDS: conventional economics, land economics, policy

Kessell, Stephen R.
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Environ, Manage. 3: I-2.
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N.Y.,.Vol. XXIV, No.3, Bull. 25, Syracuse, N.Y., 106 p.
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i Natural resources policy 1975-1985. J. Environ. Econ. and Manage. 3(q):
, 253,288.

i Attempts to develop a coherent program of natural resource policies,
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Loomis, Robert M., Charles R. Cranda11, and Richard W. Mullavey
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New york reduces railroad fires. Fire Management 35(2):3.
Explains methods used to reduce railroad £1res in the state o£ New York.

KEYWORD$: fire reductlon, acres burned, equipment ___

Lotan, James. E, • .:. .. _ .
1979.
I:ntegrattng fire management into land planning: a multiple use manage-
ment research, development, and application program. Environmental
Management 3(1):7-1q.
Explains why fire management should be viewed as part o£ land management.
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pine forests. USDA For. Serv., Gen. Teoh. Rep. RM-52, 12 p. Rocky Mt.
For. and Range Exp. Stn., Ft. Collins, Colo. -
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Appraising fire damage to mature forest stands, Can, Vept. of Forestry
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stmulation models development. J.. Environ. Manage. 2(1):83-100,, .
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Fire valuatlon guidebook: economic valuatlon procedures for flre management
plannlng On the Natl onal Forests. Greentree Consultants, Inc., Lansing,,
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identifies the economic data necessary to make fire valuations.
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on the National Forests. Greentree Consultants, Inc., Lansing, Mich., 25 p.
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valuatlon procedures for the National Forests and detailed comments on the
availabillty of information needed to improve such valuatlon.
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A proposal for improving the measurement of beneflts from pollution abate-
men:t. J. Environ. Econ. and _Manage. 7(1):20-29. _
Shows that conditions w111 often exist when the property value approach -
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• benefits. •
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Fire damage .appraisal : a comment. J. For. 77 (5) : 333. " .
Comments on BroWn and Boster's article nOn the economics of timber damage
appraisals for public forests." December 1978 Journal of Forestry.
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Me Lean:, D.L. ' "
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Design of a damage appraisal system for commercial forest areas. Can. For.
Serv., Internal Rep. FF-6. 21 p. For. Fire Res. Inst., Ottawa, Ont.
Proposes damage appraisal method designed to increase the accuracy of damage
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Economic determinants of an optimal level of forest fire protection. "Can..• _

For. Serv., Internal Rep. FF-13. 8p. For. Fire Res. Inst., Ottawa, Ont.
Presents a model for investigating the derived demand for fire protection ]
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No Lintock, T. F. " _ ,
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Host pressing problems in protection. Forest Farmer 27(7):6.
Identifies appraisal of values-at-rlsk and the nature, extent and control-
lability of damage as the most important problems in establishing protection
priorities.
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• Mc Nasser, K. W.
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Cooperative state-federal forest fire research programs. Pulp and Paper
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Development o£ a numerical index to quantt£y the aesthetic impact of forest
management practices. Can. For, Serv., In£o. Rep. PS-X-51. 9 p. Petawawa
For. Exp. Stn., Chalk River, Ont.
Develops a simplified numerical index to quantify the aesthetic impact of
forest Practices on particular stands or operating units.
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Forest fire history...a computer method of data analysis. USDA Forest
Service Gen. Tech. Rap, PSW-q, 78 p. Pacific Southwest Forest and
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Miller, Charles W.
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A method of economic analysis and data required to determine justifiable
expenditure for protection of tangible forest values from fire. M.S.
Thesis, Ore. St. Univ., Corvallis. 228 p.
Develops a classical economic model for determining Justifiable protection
expenditures and describes the data which would be needed to implement it.
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Miller, Jon R.
1978. _
A simple economic model of endangered species preservation in the United
States. J. Environ. Econ. and Manage, 5(3):292-300.
Constructs a model in which management and constraints on economic activity
are substitutes in the production of species stocks.
•KEYWORDS: endangered species, economic model, preservation

Mills, Thomas J.
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Calculation of financial return and determination of budget levels for fire
protection programs. USDA For. Serv., manuscript on file. 18 p. Pac.
Southwest For. and Range Exp. Stn., Riverside, Calif.
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Southwest For. and Range Exp. Stn., Riverslde, Callf.
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Some thoughts on forest fire damage appralsal. USDA For. Serv., Lake States
For. Exp. Stn., Misc. Rep. 29. 4 p. St. Paul, Minn.
Suggests that for statistical purposes, fire damage estimates should be
based upon depreciation in present worth.
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Miyagawa, R. S, and E. V. Stashko
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Fire size and cost. Forest Protection Branch, Alberta Forest Service.
Investigates the curvillnear relationship between fire
size and cost to formulate mathematlcal models of cost.

KEYWORDS: fire slze, cost, economics

Moak, James E.
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Fire prevention: does it pay? J. For. 74(9):612-614.
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! quantltatlve basis for declslon maklng.

: KEYWORDS: beneflt-cost, fire damage, suppression and prevention costs
ii

Mob ley, Hugh E.
1974.
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The 25-25-50 ratio in financing fire protection. J. For. 29(q):520-523.
.KEYWORDS :

Murphy, James L.
1,965. :
An analysis o£ the economic efficiency o£ an experiment in conflagration
control on the Stanlslaus National Forest, California. Ph.D. Dlss. Univ.
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Nautiyai, J,C., and G.E. Doan
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Economies _of_forest fire control: tradlng p!anned cut for protection
expenditure. Can. J. For. Res. q:82-90.

' Uses a "protection possibility" curve and "iso-dissatisfaction" curves to
demonstrate that existing levels of fire protection expenditures, if

. considered adequate by the forest manager, give an idea of the nonwood
value .of a forest as seen by him.

KEYWORDS: fire protectlon, economics, planned cut
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Nelson, Thomas C. -
1979.
Fire .management policy, in the National Forests--a new era. J. For.
77 ( 1, 1 ) : 723-725. " _ .
Discusses the results of a policy change from "fire control" to "fire
management" after one year. _

KEYWORDS: f'Ire control, flre management, policy
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Nickey, Bradley B,, and Clifford B. Chapman
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Evalusting fire prevention effectiveness through a probability model.
Fire Tech. 15 (_) : 291-306. " "

Develops a probability model to evaluate the effectiveness of fire preven-
tion efforts applied under specific weather conditions.
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N:oakes, R.R., and J.J.J. Pigram '
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Impact multipliers and forest resource management. J. Environ. Manage.
1 ( 3 ): 277-287: ..
Establishes the economic impact on the statistical region of Mary-
bor-ough0 Queensland. of the conversion of all..or part. of the forest
re,sources of Fraser Island to a national park.
KEYWORDS: resource management, economics
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,Planning wildfire protection for the Santa Monica Mountains" an economic
analysis 0f alt_ernatives. Fire J. January: 69-78.

,, KEYWORDS : .... ,
,.

;,
•

Noste, Nonan V., and James B. Davis
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A critical look at fire damage appraisal. J. For. 73( 11 ) :715-719.•
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appraisals by the USFS and the BLM following two large fires.
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Economic modeling in natural resource planning. Ariz. Watershed Syrup.,
Phoenix, Ariz. pp. 31-38.
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Oregon State Forestry Department ,-
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The fire control program: a cost analysis of fire control activities.
Fire Control Division, Oregon State Forestry Department. 32p.
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196_. "1Development and application of a model for suppression of forest fires.
Manage. Sot. 10(q): 760-766. ._
Suggests a model to describe the _pread of free burning wlldland fires
and the _effect of various types of suppression activity.
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Parvln, Manouoher, and Gus W. Grammas
1976.
Optimization models for environmental pollution control: a synthesis.
J. Environ. Econ. and Manage. 3(2):113-128.
The optimization models presented here represent a synthesis between
input output analysis and mathematical programming models for environ-
mental pollution control.

• KEYWORDS: optimization models, environmental pollution control, Input-
Output analysls, mathematical programming

Rapport, David J., and James E. Turner
1977,
Economic models in ecology. Sot. 195 ( 1 ) : 367-373.
Shows how the economics of resource allocation provides a framework for
viewing ecological processes. _.
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Values protected in interior Alaska. Proo. Fire In the Northern Environ. i_
Syrup, Alaska Forest Fire Council and Alaska Section, Society of American
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• Discusses how the BLM in Alaska allocates fire control resources during.
critical situations according to resource values, fire danger and numbers
of perso.nnel committed to fires.

KEYWORDS: fire control, resources, values, allocation
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Russell, Clifford S.
1970. •
Losses from natural hazards. Lend Economics XLVI(4):382-391.
Discusses some of the principles and problems associated with the
estimation of losses from natural hazards.

KEYWORDS: losses, costs, natural hazards

Sackett, Stephen S. °
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Guides for allocating forest fire protection budget in Wisconsin. M.S.
Thesis., Univ. of Wisc.
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Sackett, S.S., H.H. Webster, and W.B. Lord
1967.
Economic guides for allocating forest fire protection budgets in Wisconsin.
J. For. 65(9):636-641.
Examines the relationship between costs and losses associated with high
versus low intensity protection among three fire situations.
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Sandberg, D.V., J.M. Pierovich, D.G. Fox, and E.W. Ross
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Effects of fire on air. A state-of-knowledge review. USDA For.
Serv., Gen. Tech. Rep, WO-90 40 p. Washington0 D.C.
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Natural landscape preferences: a predictive model. J. Leisure
research 1 ( 1 ) : 1-1 9.
Identifies what quantitative variables in photographs of landscapes
were significantly related to public preference for those landscapes.
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Getry
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Recreation, resources, and right decisions. USDA For. Serv., Res. Paper
NE-293. 16 p. Northeastern For. Exp. Stn., Upper Darby, Pa.
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Planning resource use on National Forests to achieve multiple objectives.
J. Environ, _ Manage. 3(q):351-366. =
Addresses the question of how to put values on recreation, wildlife,

aesthetic experiences and watershed potential.
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Schultz, R. D. :
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Game simuIation and wildland fire. J. For. 6q(12):791-800.
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A partia_l efficiency analysis of the fire management program on six

National Forests. USDA For. Sery., Manuscript in process. 102 p. Pac.
Southwest For. and Range Exp. Sin., Riverside, Calif.

Evaluates the economic efficiency of the initial attack and aviation com-

ponent of the fire management program on six widely placed National Forests.
KEYWORDS: fire management, national forests, economics, marginal analysis,

cost-plus-net value change

Schwing, Richard C .....
1979,

L6ngevity benefits and costs of reducing various risks. Technological

ForecaSting and Social Change 13: 333-3q5.
Suggests increased longevity as an alternative to "lives saved" as a
measure of benefits derived from large-scale risk-reduction programs

and demonstrates graphically the cost-effectiveness of various public

programs.
KEYWORDS: risk, benefit-cost, analysis

Sewell, W.R.D.
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Broadening the approach to evaluation in resource management
decision-making. J. Environ. Manage. 1(1):33-60.
Examines the extent to which present procedures for evaluation are

able to provlde the data that decislon-makers require at various
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-,[n. d. 3a

The allocation of wildfire control investments: a location specific dynamic

, programming approach. Unpublished Paper, Dept. of Economics, Univ. of
Calif., Riverside, Calif. 20p.

Provides models and analyses to elaborate a method for making location
• Specific allocations so as to minimize fire losses in a national forest or

other relatively large area.
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A system simulation analysis of new strategies for long-run cost

minimization in wildfire control. Dept. of Economics, Univ. of Calif.,
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Simard, A. J.
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Wildland fire management: the economies of policy alternatives. Can. For.

Serv., Tech Rep. 15. 52 p. For. Fire Res. Inst., Ottawa, Ont.

Traces the historical development of practical and economic wildland fire

management policies and demonstrates the application of economic theory in
--. fire control decision making.

KEYWORDS: economic theory, fire management, production function, costs
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1979.

A computer simulation model of forest fire suppression with air tankers.
_ Can. J, For. Res. 9:390-398.

DesCribes a computer slmulatlon model whloh evaluates air .tankers'
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Rating the risks. Environment ,21(3):14.
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How much forest protection is needed? For. Chron. q7(11):3.

Briefly discusses costs of fire control economic considerations in re-
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Smith, V. Kerry"
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Uncertainty and allocation decisions involving unique environmental

resources. J. Environ. Econ. and, Manage. 6(3):175-186.

Examines the implications of the treatment of uncertainty in the

definition of optimal investment criteria for irreversible allo-
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Application of a numerical index to quantify the aesthetic impact of an

improvement cut in pine mixedwoods. Can. For. Serv., Sault Ste. Marie,

, Ont. Rep. 0-X-270. 16 p.

• Applies numerical index developed by Methven to quantify the aesthetic

impact of forest management practices on particular stands or operating
units.
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1980.
Risks of risk decisions. Soi. 208(6):111q-1119.

' Shows that societal risk decisions made under conflict represent political
compromises, and the resulting decision process creates substantial con-
flict costs which may be reduced by using quantitative risk criteria or

' "safety targets."
KEYWORDS: risk, societal decisions, intangibles
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Storey, D.J., and M. Walker
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Describes FOCUS, a computer simulation model for fire planning,
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Outlines the foundations of a fire damage appraisal system designed to
improve the information for the fire protection decision-making
process. Includes consideration of redistribution effects.
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Examines actual costs of forest closure to woods operations in times of
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1979.
Evaluation of alternative forest system management policies. The
case of the spruce budworm in New Brunswick. J. Environ. Econ. and
Manage. 6 (1) :51-68.
Demenstrates that by making reasonable and easily verifiable assump-
tlons about some properties o£ preference profiles of participants in
the system, it is possible to produce an effective algorithm for
forest policy evaluation.
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Thor, Edward C., Gary H. Elsner, Michael R. Travis, and Kathleen M. O'Lough-
fin

1978. .
Forest environmental impact analysis--a new approach. J. For. 76(11):
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