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) The purpose of this. thesls\?e to develop a methodology for the mcluslon of
~non- market values, such as wnldllfe and recreatlon m forest fire managerv(ent decuslon ﬁ.
. processes. A measure of welfarq changes stemming from changes in forest values asa
| result of fire was requured Boréal fowests of Alberta, Saskatchewan and Manitoba were
v consudered where current fire management practlces in thésé provinces conoehtrate
mostly op protectnon of tumber \ll{l_tfs Non-market value lnformatlon |s n‘ot generally,
collected in any of the three pron s Thus flre management declslons do not reflect

re .

total welfare changes resultmg from fire v

4 An extensive Ilterature revuew Kvas permrmed ‘to ldentlfy methods of cafculatlng r
‘ non- market values. and to-examme approaches to fure damage appraisal. A three phase
) conceptual model consnstlng of f|re behavnor flre effécts and economic evalua"aon- :
components was developed A case study was performed to illustrate use of the model
The case study mvolved wildlife values specuflcally moose values for which data were -
readily avallable The fire behavnor compqment primarily involved determination of fireline

_intensity levels. Inforiation was provided by personnel at the Canadlan Forestry ‘Service

6, regarding fire behavnor factors. Effects of fire on resourCe values Were derlved usmg .
__ fireline mtens:ty mformatloncbenvatlon of fire’ effects was comphcated by ‘the hlghly
"variable nature of both fires. and resource values Alberta Fish and Wlldllfe DIVlSlon

1

, personnel provided estnmates of moose carrylng capacntles given several fire and forest
vegetation scenarios. Bnophyslcal fire effects data were then used in the economlc
evaluation component A margmal analyste wal used to study changes in resource values
with and without fire. Net present values of resources, at several stages following flre,
P wereucalculated and-the change in value noted. Timber value changes resulting from fire
were calculated as a comparlsomto wildlife value changes R ) “ o ‘
. Results showed that posmve value, changes for moose occurred due to flre,
most notably m aspen {nd mlxedwood forest types. Tlmber value‘ changes conversely, )
were zero or negatlve lndlcatlng detrimental effects of fire on tlmber value. ,
Several conclusrons were drawn from results of the Fesearch Substantial -
) effects of fire on non-market values are lndlcated Neglectlng those effects may result?
m,economlcally inefficient dectsnons being ‘made regarding forest and fire man_agement.

s
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The conceptual mgdal usad in the study was useful for derwang informatlon roqunr ed'oh
nen-market values More data are needad to derive bat(er estnmatgs of buophvmpal fire |
effects on non-market values other than mogse and wudhie ‘and more specific regional

data would: be useful Non-market values thus derived can be used in fire managefnent

) bt d
.

for more effnc.ent decnswns regardmg fire control < .
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i o
" The purpose of thls study is to develop a methgd for the denvatnon and 0
‘ agement.decuslon framework o U L

llncorpofatnon of non- market values 1)/~
Non market values reflect goods and servnces for Wthh consumer preferences are not
dlrectly observable through marketplace decusrons Fssentlally a pllot study this research
is concerned with a:t evaluatlon of the effects of fll’B on non-market resources and hovv R
these values carl be used in the f|re management\ decnsuon process The nead for /
lmprovements in evaluatlon of flre effects has been expresSed by fire managers who g
are faced with Ilmrted or decreasmg budgets for fire control lncreased public | |

awareness of fure management actlvmes has. added further |mportance to. the collectlon B

- of better flre effects mformatlon lSmnth 1985L Desplte thus recognlzed need,‘progress

‘n.

4 has been ltmuted ThIS study mcludes an attempt to |dent|fy reasons for deficiencies and
to outllne a process for. evaluatlng non- market values An analysns of the process of e
mquury lS lncluded in thls chapter as wall as an |Ilustrat|dn of problems that. have led to -

ghe current sutuatlon 7 ) ‘ S ‘ : ‘ *7 ' : - » ,f‘ R \

A Problem Identxflcatlon v SUNCE e BT )/'

Flre managers are faced mcreasmgly wlth an optlmlzatlon problem ong of trymg

to allocate capltal and manpower in-an economlcally efﬂc:ent manner to derive an

e optlmal level of flre control Generally fire management ob;ectlves are often based on

the physucal problems of controllmg forest flres Crlterla that |gnore forest values have‘
often been used in the determlnatlon of flre presuppresslon and suppresslon actlwty
Ievels Ob jectuves such as complete fire exclusnon placement of l|mlts on the maxumum»
size of flres and the 100 clock polloy (that requlred the control of/;a flre by 10 AM) ’
were used Economrc ob jeCtIVBS have been adopted falrly vwdely in Canada and the U.S..
follownng the reallzatnon that there are dlmlmshmg beneflts from mcreased fire control |
tevels Despute the falrly common use of economlcally based flre control ob )ectlves
. madequate apphcatlons of economlc theory to practical optumnzatlon solutlons lncludmg _ é‘\
determmatlon of beneflts and costs-of flre control, stlll eXISt R, N B
Forests in the pranne provunces are largely publlcly owned Over tL\ree duart(ers _
-of the forested rand in: each provnnce is under provmc:al crown control Publlcly owned.'

-
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fresources could be managed to maxlmlze net social beneflts in which case, all resources
L

in a forest must ‘be consvdered in decisions governing their use. A problem with flre

anagement in the pdst has been the general exclusuon of non- timber: resource values

- from c;on5|derat|on m fire control actlvmes ‘The full mterests of society are not served

in terms of economlc effucnency (welfare effects) when non- market benefits, which are

often substantial, are neglected

CA study by Phllllps et al. (1986}, mvolved an mtenswe survey of forest economics .

i \

v researchers and research users The study ldentufled exustmg research actlvmes and

”

|
defmed forest economlc résearch needs Several areas ‘'of research need, namely

eeonomlcs of forést protectlon and economncs of non-timber forest land uses scored
o hlgh in order of |mportance thlrd and seventh respectively out of twelve (Table 3 of
'Phllllps et al ) Thus forest economlsts recogmze madequacnes in the areas of non-market
forest valuatlon and forest protectuon (X . - .
Increasmg recreatlonal use of pralrle forests ahd loss of w1ldl|fe habltat due to
lndustrlal and agrlcultural expansion have resulted in an increased concern for wﬂdlufe &
, Demsnon makers and the pUblIC in general have begun to realize the. lmportance of |
‘ waldllfe m partlcular and other non-tlmber forest resource uses in general Fire managers
are begmntng to recognlze madequames in thelr view of fire effects appraisal that »
excludes non- tlmber resources. The current appralsal process for evaluating forest | /
values affected by flre consists essentlally of an estlmatlon of tumber production values

——

and possubly lmprovement va"lues1 Non market forest resource values are not currently /

o . 4

‘used in the three provmces |n pre fire or post fire planning processes. CrmClsms of

_/

, curcent appralsal methods include the following pomts (Brf y 1978).

3

'c; : ’ s ' . . . \
T. There are sngmflcant defncuenmes m values at-risk” (values affected by fire)

‘ mformatlon that is being collected and used for appralsal

)

2.y, Fure effects appralsal does not adequately reflect the true. value changes resulting
from ftre nor as they affect lndlvnduals and socaety

-3.. Current appra:sal methods do not account for the‘effects of fire on forest

-
Aol

resource uses other than tlmber : - . - B R
‘ v / o, . . o o A : ; .
! lrnprovements are defined as man- made structures or. facilities such as . !

B

bualdmgs roads and bridges.

cep e o : 7 o g
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’ An accurate appraisal proces‘s is important to fire manag’ers who face a limited
budget for fire'control and who may ne\ed.to n]ax'imize net benefits from control.
Appravsal processes that rely mainly on timber values provnde a bnased picture of fire

" effects. Control decnsuons are not Ilkely to be ecoriomically optlmal All fires are usually
detrlmental to the tlmber However, they may provnde some beneflt to other resources,
partlcularly WI|d|lfe The ecological role of fire in. Boreal forests has been largely

“overlooked. Stnct fire control has disrupted: fire cycles thatiare natural to Boreal

: forests Flre management theory and its appllcatlon has been |nc‘omplete partly asa

' result of the restrictive view of fires as completely deﬁ’nmental Thus, attempts at

: non-market resource benefits affected by fire were known and quantlfled

fmdlng optlmal solutlons for fure control have been constramed Thls indeterminant ;

situation can, therefore be described as one of an lnadequao\y in fire control ob;ectlves 'v"::‘:,

that have neglected to account for the full economic value of a forest and, in the :
current appralsal system, that reflects only timbgr values and excludes potentla "
valyable non—market resource use values The desirable situation would be one m whlch

‘ l7
the importange of all forest values were recognlzed in the flre management proceSs and

-Fire effects appraisal systems tend:to be filled with uncertainty regarding o

resou@e value Z’anes that can occur due to flre and the significa'nce of 'those’ chan'g'es" |

. " The exclusnon f hon-market values from appralsals reveals the lack of methodology for

measurmg those values that has been adapted and apphed to pralrle forest conditions. A .

_number of studies have been completed that have attempted to incorporate non-market

vélues as well. as tnmber values in fire appralsals (Althaus and-MrHs 1982; Gorte and -

'Gorte 1979 Marty and Barney 1981; Mills and- Flowers 1985). However, none have

been attempted that relate specnfncally to the prairie prdvinces. In-addition, the use of

ob Jectuves for flre c‘ontrol Ievels “that are not based on conomlc efflcuency criteria

would appear to indicate a Jack of mformatnon regar in data needs for. such criteria.

Concerns may afso be ralsed asto Wthh individuals and’ groups are affected by the
sntuatnon and as to how various aspects of the. sntuatlon affect them. The provmmal
forest servnces carry out the appralsal processes for actual and potential resource N
values at l’lSk and are thus limited by the avallablllty of data and methods for evaluatmg d

fire |mpacts on non-marl_ge_t res_ources. Even where impacts are known, they are not

S 2
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v
used in fire management decisions. Agencies that allocate funding for flre co?trol
. budgets are affected in that they have inadequate information regarding resource values
Therefore, their budget allocations may be less than efficient. Society is affected -
whenever economic inefficiencies exist and net benefits of fire management that accrue
to society are not adequately determined. ' | ' o .

A statement summarlzmg the existing situation can be made as follows. While
‘non-timber forest resource value§ are beginning to be consndered vital to flre _
manhagemsent planning processes, ther.e are inadequacies .regardlng,methods for both
* measuring and i 'Icorpor‘at,ing non-market values in planning decisions. Thus the planning

processes for :i\e manageme'nt tend to\be inefficient.
o -

B

B. Problen‘ual*ms - ' : .

There are lseveral underlying causes for the omnssuon on non-market values in fire
management. One of the m‘ost basic of these mvolvesvthe’ concept-of value, that is, what
constitutes value and who assigns value. Forests take on vailue only in the context that
they serve Ahuman needs. The ‘vaer of a forest,«therefor/e,i_,\isv not intrinsic but is assigned
by individuals according' to their: system of preferences (Brown, 1984). The assignment
of value to forests by an individual or grour.; will reflect the perception of the forest 'and
its envnronment the held values of the mdnvndual or group and the context of the = "
valuatlon' or curcumstances that exrst at the time of the valuatlon The constituency of the

valuatlon where the constltuency is an individaal or group that the valuator |s

' represen.tlng, also affects the context. Environmental values-are partlcularly affected by

constituency. Widely differing values may be assigned to forest resources by individuals .

ry

representing.conservation groups, industry or government. The 'held values” of these -
\\'groups may be quite different and various value estimates reflect those differences.

_ Forest. fire management in provnnclally owned forests is, publlcly controlied. Therefore,

one would expect that the constntuency belng represented by fire managers is society as -

a whole and not any onie |nterest~group or set of groUps Society may not always be

considered in sutuatuo_ns where interests of the tlmber industry receive primary attention. |

Protection of timber values may take precedence over wildlife values where wildlife -
value changes resulting from fire are uncertain and undefined.



The term "value” has various meanings among economis'ts. Value‘is most
frequently equated with price ir a mark:f"sense'and as such is quantifiable. The
marketablhty of wood products makes price (stumpage prlce) determnnatlon relatively
stranghtforward As a result, fire dlsturbance appraisal processes have relled malnly on
timber valyes in evaluations of dlrect or indirect losses due to burning. Non- timber
values have been excluded for a number of reasons including the difficulty inv measuring
at Ieast'some of the values. The market system that provides prices.for timber does not -
adequately measure values related to recreatlon wnldllfe watershed and soil resources. |
These resources ‘are not traded in a recogmzed market therefore market prnc'es have .
not been derived. Non-mark\et resources are subje_ct to the same forces of supply and
demand as market resources but their values are not commonly efpressed\ as prices.
T‘h°erefore, in .foreSt managen'“i nt, these values have been largely ionored. . e |

. The stochastic nature of fire behavior and effects have contributed to the « " -
uncertainty SUrroundlng non- market values. Numerous factors contrubute to the way a’
fire wil behave in a given snuatlon Accountmg for all possnble inputs makes flre

| behavior prediction less than stralghtforward As well, fire effects are highly varlable in
terms of type, timing, size etc. and their evaluatlon for fire convol planmng purposes is
Cdifficut. - |
Attem ts to find an optimal level of fire control so that ne‘tlbenefits are |
maximlzed arefr‘e“strict‘ed by gaps in information. What is the relationshio between the __
level of control effort and damage averted or values increased or decreased? If a fire is
allowed to hurn what will be the net galns or losses to forest resource vaiues- How will
the watershed be affected by fire and what happens to recreation values? The tlme )
factor is also an unknown how far*into the future w:ll the forest values be affected as
‘a result of fnre7 Failure to account for fire beneflts as well as damages flags
madequacues in the theory that previously assumed all fnres were detrimental and
provided for optimization schedules based on this Ilmited view.

The current fire management situation can be described as one |n Wthh

non-market values that are affected by fire are not currently included |n appransal
_.proces_ses and the\e_xclusnon of these values may have bl_ased estimations bf the value of

_ a forest that is affected by fire. There_ are‘ several res/earch objectives recogniied_in this

v
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study. The ldentnflcatlon of non-market forest resource ‘values is mpottant For the

. purposes of this study the Wlld'lfe component will be stressed in an e&fort to rbmam
concise, although there dre a number of other resources and resource uses that are
recognized (Chapter 2). An evaluation of common fire behawor under glven sets of
cnrcumstances is requnred to determme flre effects on the resources belngstudled Fire .
effects on w:ldllf‘e and wm‘llnfe habitat need to be evaluated strenuoysly smce the value
of those effects will be sagmflcantly affected by both extent and varlabnllty of. the fqu

" induced blophys:cal effects. ' o

. After a detailed analysis of the research problem the following problem . / )

_statement can be made o - .

- . P

" A method is required that allows for the /dent/ fication and measurement of
_non-market values affected by fire, and that enables fire managers to
/nc/ude_ those values in their management decision framework. *¢

[y

Jhere are considerable data available that are relevant to the study. Extensive research
has been_ carried out on fire mod'ellingi that provides information on fire growth, intensity *
anli rate of spread under given sets of conditions, such as: weather, fuel load,
topography and other blophyslcal factors An examjnation of flre growth models and the
determmatlon of common fire characterustlcs from the models are key in determmlng
effects of fire on wuldllfe One of the stumblmg blocks is the lack of data specifically
relating to determlnatlon of the bridge between fire behavior and fire effects on

\ w1ldl|fe Habitat changes due to fire are the prlmary causes of wildlife p%pulatlon

changes and nenther the habltat nor the populatlon reactions are certain. Research on the
ecological effects of fire has revealed some habitat related data. Wildlife population X
effects may be determlned mdvrectly through indexes relating habitat suitability and
carrymg capacmes Actual population statistics assocnated with changes in numbers of
certain wildlife species due to fire are limited. D&Xa eXist for the valuation of selected
species of wildiife, e’spec‘ially, for big'game species. The integration of factual v
lnformation into a system that determines,fire risk and behavior for an area and then ‘
allows for measurement of possible chah;es in resource values due to fire ‘_is the
ultimate goal. The development of a method to‘ afhieve this goal forms the basis of this

.

study. Data collected for this study relies heavily on several éovernment ,age'ncies ‘



- involei in fire control and.yvildlife management W‘Ore there are dsta deficiencies,
" expert opmuon is used to represent the state-of- knowledge regardlng the mformatmn
' sought Previous theoretncal analyses of forest and fire management processes are
relied on for the theoretical background required. A classnfncatlon and an analysls of the
‘ facts are necessary. "Part of this study involves theTvelopment of a method for fundmg

and incorporating the facts into a useful form.

¢

A Method determmatlon is réstricted By the nédd to work. wuthln the current flre

anagement system used-in the prairie provnnces It is not the purpose of thls study to”
determme effucnent suppressmn or presuppressnon activity levels for fire control
orgamzatuons that will minimize Iosses It is expected that methods descrlbed will be

useful within the -exnstmg manageme#tt framework. This study is also not a definitive -

guide to value appraisal for fire management. In essence, itis a pilot study that attempts

“? >
_only to.describe a loglcal framework for non-market value appralsal and mclusuon into
" fire management processes Data soées and 'deficiencies are identified and |

recommendations for further studies are ma\e A case study based on a somewhat
hypothetical sntuatuon is included to |Ilustrate the use and effectiveness of methods . .

developed where actual data may be insufficient for evaluatuon purposes
) ) l'L

'-'G
TR

Q Thesls Outline

..-.‘,l\, . .;,‘?‘.' Chapter two outllnes factual materlal relevant to the problem An overvnew of
f?orest and fire management in the prairie provinces is included and the mmdence and
b °

. ““nature of wildfirg in forested areas of these provmées is dlscussed A characterlzatlon ’
of wnldlnfe activity and use Sat outlines the wnportance of wildiife in the pralnes is

A conceptual analysls which describes the theoretical aspects of non- market

mclude!:l

=7 valuatlon for fnre control is presented in the thlrd chaptgr Sectlons are mcluded which

' describe the economn:s of fnre Jparfagement, the multiplezuse characteristics of forests
and tradeoff prmcuples mvolved in these- usss and problems assocsated wnth measunng
non-market values As well the mtegratlon of the parts, that ls the  determination of

Imk_ages_or functional relationships between compone(\ts of the mquury are included.

§
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" In chapter four, methods for characterizing fire effects on-wildlife, given the

~ nature of fire and of W.i'ldlife.‘and for determining the associatéd valyes of those effects

_ are developed. The methods developed in chapter four are used in chapter five in a CW
. study for illustration purposes. Chasterv Six"contains a summary of the study and, ..
evaluates the usefulness and limitations of the research resuits. Also included are

suggestions for ?,thher study.

- = . ‘ ‘ .
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n, Background .

This background chapter contains some of tHe factual mformatnon identified in \
the introdyction as necessary for an understanding of :che exustlng sntuatqon concerning
fire and regource manegement, the biophysical nature of the resources a_ndtheir,rela'tive
values. A gection on forest (/alues is included. 'i'he complexity of the forest and its _
multipla use characteristics are emphasized. 'Forest fire mcudence behavaor and effects
are dealt with where the stochastic nature of fire, its effects and: underlmmg dnffucultues
in predicting effects wre cor\sade'red A saction is included that descnbes wildlife in
particular. Wildlife was chosen toNlustrate the methods used fOr appraisal. Econormc
values of timber and wildiife are ;;anted and mdncatlons of economlcally efficient fll’e

- management spending limits are.given. Current resourge evaluation methods used in the
prairie provinces by the forest services are outlined. The chapter eontams a factual
synthesls of that which is known and that which is needed by way of fyrther study. Both

K are examined in relation to the problem analysis of Chapter |.
k3 P
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A. Forest Values _ S . .

Values associated with 'the forest ere numerous. Vegetation hae value in terme of
timber, wi|d|ife¢,habitaf, grosion protectiom, precipitation int’é‘r‘?épt'[on,'e_ne?gy storage,
oxygen production and scenic attributes. W.ildlife in a forest ecosystem s diverse and

includes small and large game animals, furbearers, birds end.ji_sh. Watersheds provide

value in tgrms of fish habitfat,vstreamﬂowa\.ni:l as nutrient sources. Soil is valued for its

moisture storage capabilities; as a nutrient ssurce and as a seedbed. Forests provide

valuable range used by both wild and domestic animals. Amenity services or recreational -

.

uses of a forest constitute part of the forest value.
[y o

Resource economusts deflne several kinds of value assoc:ated with resources

J

Use value nmphes actual use of a resource which can be further dnvnded mtb consumptnve

«

and non-consumptive uses. Consumptlve~use involves hervestmg activities such as timber - -
harvest and wildlife hunting. Non-consumptive use would-include activities such as hiking
and wildlife photography where a resource is used'but not eonSumed There are non-use

values as weII Optnoh value descrlbes individuals’ wullmgness to pay to retain the optlon

to use aresource sometume m the future Exlstence value is assocnated wuth knowmg



-

that a resource exists regardiess of whether or not it is ever used. Another cate’gcry )
(
'

often termed bequest or mhentance value, refers to the value assoclated with the des;re_ !

-

to Ieave resource services to future generatnons Coneumptwe use value |s market

related since the resources conci?ned are usually traded in a market situation, Pnces

. “‘

"‘can, therefore, be assigned through the market system. There is a non-market
component of. cofisumptive value as well that adds to the total willingness to pay for

use. Option,'existence and bequest values are difficult’ to quaptify “although thgre halks

been recent attempts to derive those kinds of valueg. (Brookshire et al., 198 i
" A flow chart, shéwn in Figure Il. 1 Allustrates the complexity of for‘est'atdes and
interrelationships. Most of the resource ck‘g&ries are closeiy"linked with each other to
make up the wnole forest system. Studies of a single. resource and its use are not
complete, therefere, without some consideration of the other resources and the_ir uses.
Magnitedes of both physical and economig fire effects on wildlife for example, are )
determined partiallx by fire effects on vegetdtion and recreatioh uses. Wher‘e‘poésible

fire effects on all uses néed to be studied to derive a él_earer estimation of changes in -~

the economic value of wildiife.

B. Fire Incidence, Nature and Effects |
An understandnng of the nature of forest fures and their bnophysncal effécts on
forest uses and values is necessary as a preliminary step in valuation exercises. This |
section covers the role of for'est fire in the prairies, fire behavior and background
matenal descrubmg fire effects on some of the forest resource uses with particular
‘ emphasns on wildiife and vegetatnon respohses to fnre ’
. Forested land comprises nearly half the total land area of the prairie provinces
r' and accounts for 20 percent of the total forested area in Canada Softwood speciés,
espec:ally spruce and pine, don‘unate the forests In Alberta, 69 p\ercentt of the total land
area is forested with 73 percent of the forests on provmcrally owned crown land. This
area consnsts of forest lands yvuthdrawn from settiement and managed for ‘multiple uses
(forestry, recreatlon natural areas, grazmg etc.) (Ondro and Williamson, 1982). °
‘Saskatchewan has nearly 25 percent of its total land area forested and over:30 percent

of the forests are provincially owned and manaded {Ondgo and Williamson, 1985).

-
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Figure II.1: Forest Values and Their Interrelstionships
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Sixty-four percent o( Manitoba's land area is forested and 93 plrcent of the forests
are owned and-managed by the province (Ondro and Williamson, 1984), Boreal forest
dominates the forested Iand in the three provinces. Jackpine (P/nus banksiana),’

Iodgepole pine (P contorta) black spruce (Picea mariana), white Spruce (P g/auca) and ~

hardwood specnes inclyding aspen {Populus tremu/mdes) balsam poplar (P ba/sam/ tera)

and white birch (Betu/a papyrifera) are the major trea spec:es

Fire'has been an mtegral part of the ecosystem of Boreal forests during tHe
nearly' 10, OOO years of their existence. A natural ﬂrgéycle of 50 to 100 ypars in the
Boreal forest has been determined through ecological research and the forasts depend
on fire for renewal and regeneration. There is a higher incidence of fire in Boreal
fore;ts compared to other forests of Canada (Kelsall, Telfer and Wright, 1977). Table
Il.1 shows forest fire incidence %f:istncs for the praurnes and for Canada averaged over
the years 1980 - 1983. Prairie forests account for batween one flfth ang one third of
all fires in Canada during those years while area burned in the prairies amounted to-more
than half of the total in the more severe fire years of 1980 and 198 1. Variability is high
in both fire size and intensity; the Ia;'gest fires (approximately 3‘pe‘;‘ce'nt) account for

over 90 percent of total area burned. This indicates a large number of small, less intense
-

\
- -

fires. . -

Fires grow in several ways; by intensity (a measure of energy produced), siz€'and * -
arow ¥ Y ! |

shape. As noted previously, the majority of fires on the prairies are small and of low

‘intensity or low energy. However, the remoteness of much of the forested area
precludes suppression of somé fires in their initial stages. Hence, large, intense fires
result. Cc.:nd'it'io,ns of fuel continuity, weather and topography alsgreeatribute to size and
intensity of fireé.'Mdst fires are man-caused although Iightning-cause& fires account for
a greater annual area bun;ned {Pyne, 1980). Lightning fires can occur in remote areas
Iir;r\iting the ability of fire fighters: to control the fires quickly whereas man-caused fires
tend to occur closer to civiiization and nearer to fire _E:ontrol resources. '
—_ Fire behavior depends on numeroué factors iné:ludirig fuel load and corﬁposifion
weather topography and suppressmn activities. Most fires tend to be roughly elliptical

S L]

in shape; especuauy under windy and/or sloped conditions. Fuel Composition is
: '

Budd's Flora of the -Canadian Prairie Provinces (1979) serves as the scientific
authonty for Latin names of .vegetation species. - -
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Table I.1: Forest Fire Incidence in the Prairias and Canada.

Number of Fires Area Burned (ha)

e e ey e e e e O P

;-

[

MANITOBA - . 689 266,336
SASK. o o 685 .7?8,380
ALBERTA o0 1,221 | 680,140
PRAIRES | g 2504 . . 1.714,856
. LC;:,ANADA- | 9,291 « + 3281825

-

Source: Canadian' Forestry Service. "Selected Forestry Statistics -~ Canada, 1984".

»

heterogenous over a large area and can cause deviations in fire shape and intensity.
4 . : .

Unburned islands are common in large burns as a result of the admixture of slow burning

13

»

fusls such as aspen and more flammable conifers. There has been extensive research on

the development of fire\models that attempt to predict the occurreénce and behavior of
wildfire (Rothermal, 1972, 1983 and Alexander et al. 1984),

An overview of biophysical fire effects aids in understanding the manner in
which resource values can change .due to fire. Fire effects have been well documented

o and a number of sources have been used for this overview, specifically Ahigren and

Ahigren (1560). Chandler et al. (1983), Lyon (1978), Lotan (1981), Pype (1984), _
Tiedemann (1979}, Wells et al. (1978), Kelsall et al. (1977) and Lutz (1953).

The effects of fire on vegetation are highly variable depending on the intgn;w
the fire, the pre-burn vegetation compos'ition and season of burn. Immediate effects

include tree rhortality due to complete burning, cambium heating and s¢orching of

foliage and roots. Fire damaged trees are susceptible to disease. The tree species of the -

Boreal forest have varying degrees of resistange to fire. Spruce, aspen and balsam fir
tAbies balsamifera) are the least fire resistant species of northern coniferous forests.

White pine (Pinus monticola) and jackpine have moderate resistance to fire and the thick

5
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. bark of ponderosa pine (P/nus eonderqsa) and western larch (Larix occidentalis)
_provides a degree of protection from fire. Lodgepole pine, with its thin bark, is’ easily
damaged by fire. Fire stimulates the production and height growth of suckers in aspen
and other hardwoo'd trees fand shrybs resulting in rapid regeneration in the years
following fire. During the summer when aspen trees are in full leaf, they are dif ficult to
burn; spring and fall burna are more common in aspen than summer burns. In
mixed~wood forests’, firgs often lsave'islands of unburned aspen within burned out
coniferous stands. Older jackpine and lodgepole pine produce serotinous cones that
usually require heat to release seeds - regeneration of these species is thought to
require the regular ’presence of fire. Summer fires tend to be hotter and pines are more.
~ éasily damaged while spring firés may not cause serious damage (Pyne, 1980). Low to

" medium intensity fires may not affect cones and seed release may be inkibited
'contributing to a lack of rengduction in older stands. Spru;e haa a“r‘ﬁﬁderate resistance
to'fye with white and black spruce differing in their ;eed resistance. White gpruce has
“non-serotinous cones with seeds easiiy killed by fire. Summer and early fall fires result
in good reproduction \I/vhere seed bearing trees are left standing and cones are

- undamaged. Spring and early summer fires génerally Cause More damage to seeads and
stand reestablishment is slow. Mature black spruce trees are more 8asily killed by fire
than white spruce. Biack spruce are, however, quick to reestablish due to their
‘semi-serotinous conhes. Trees produce seeds at an earlier age and more frequem]y thaﬁ
whité spruce sogjlére is,a ready seed supply. Less severe burns result in good seedling
growth where the cones of the tallest trees are not de'stroyed by fire:

Succession following fire has been studied extensively. In the Boreal forest,
succession is a complicéted process since vegetation changes at any site following a
disturbance such as fire or logging can follow several pathways. Determination of |
succession is further complicated by the lack of data on old {300+ years) stands since
Boreal forests are disturbance forests and seldom grow as old as 300 years. Long term.
successional trend data are almost non-existent for frequently disturbed Boreal fore§ts.
For these reasons, Boreal forest vegetation is best considered as being at some stage
of a cyclical fire climax stand with multi-successional possibilities (Russell et al., 1984).

Some general comments may be made on successional trends despite the ambiguities

1
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lmvolved Black spruce most often succeeds black spruce on burned areas due to |

prollflc seed productlon pland areas whlte spruce may become the c,llmax specnes P

provuded there is a seed @ée Where aspen occwe ina- stand rapnd regeneratlon is

found followmg flre and especrally with frequent. fvree, aspen domlnated forests may . l
replace comferous forests eventually Where flres are lnfrequent {less than 100 years) .
aspen forests are ‘usually replaced by white spruce. Lodgpole pme and jackplne are"

consldered flre dependent specues and tend to be self- perpetuatlng, regeneratlng rapldly
followmg flre On drrer sandner sites the plnes often replace stands of other comferous

' specres in the presenCe of frequent frres Shrub»specnes generally grow prollflcally

followmg flre They are falrly susceptlble to fire but~resprout vngorously from roots and *

- stems. Wl”OW comes in very qunckly both vegetatlvely and from wmd dlsemmlnated
seed Shr:ub specres common to the Boreal forest such as willow (Sa//x sp) green

N alder (Alnus s,a) saskatoon (Ame/anch/er a/n/ fo//a) hlghbush cranberry (V/burnum sp )
buffaloberry (Shepherd/a canadens;s) blueberry (Vaccmmm sp.), rose (Rosa acwu/aris)

. pmcherry (Prunu.s pensy/van/ca) chokecherry (P. l{/rg/n/ana) and Iabrador tea (l.edum o L
grfmen/and/cum) reach their maximum blomass productuon 15-20 years followmg flre N |
dependlng on climatic and monsture condltlons after. which productlon decreases as tree
specues become domlnant Grasses and forbs lnvade newly burned sntes |mmedlately and

S

: gradually giv ay to woodg/ plants ‘A general pattern of successnon outllned by Thomas

l1979) cons "ts of six) evelopmental stages in revegetatlon These are the. grass- forb-:
stage |mmed|ately followmg fire; the shrub-seedllng stage from o- 10 years consrstlng of

- both annuals and seedlmgs of tree and shrub species; the pole- sapllng stage from l l 39
years young forests- 40 79 years mature forests 80-159 years and old qrowth over e
160 years Not all plant commumtles experlence the full range of stages. The 80- 120
year fure cycle common |n the Boreal forest restarts the successronal process before

L3 " old growth forests develop: More frequent flres also result in consustently young

forests and in some areas the grass forb stage may be perpatuated o

"~ The effects of fnre on ammals vary wrth the specnes Vertebrates arg rarely kllled ,

outrlght in'large numbers and large anlmals mcludmg moose, carlb’ou and furbearers

generally move calmly away from a fire although mortahty m the larger species is not :

o uncommon Fush and stream fauna may be adversely affected by the lncrease in. water o

] v
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temperatures and increased sedlment |oad from soil runoff. Secgngary effects of fire
on wuldllfe are related to the often severe changes in vegetation fqilowmg fire. There
may be a temporary or more permanent displacement of species suoh as grizzly bear |

Ursus arctos) caribou (Rangifer tarandus caribou), martin (Martes sp ). and spruce 4

~grouse (Canach/tes canadenS/s) which are dependent on mature forests Other game o

&

animals are reported to increase followmg fire. Moose (Atces sp P deer {Odocoileus
hemionus), elk (Cervus canadensis), *bvlack bear (Ursus amer/'canus), beaver {astor™

canadensis) and some"game birds prefer the more diverse vegetation of a recently

' burned fOrest Prime ungulate habitat i$ created by fire 10 15 years following a byn

when hardwood browse specues are at’ théi‘r maximum product on. After about 15 years

the trees- and shrubs are generally too tall for the animals to reach and benefits from the

Ly

fire decrease. While the carrying capacuty for some species may increase substantiaily in ‘ ,

-a burned forest, there is no certainty that animal populations will mcrease proporttonally

Dwersnty of habltat appears to be of primary |mportance with food and cover areas of
mature forest mterspersed o ' s ' i
Fire effects.on water are |argely a result of vegetation losses that contribute to v
erosion, Inereased streamflow may result from the loss of precipitation-intercepting -
»vegetatioe : Sbil shows varying effects from fire depending iargely on ‘fire intensity.

Intense fires may cause some degree of impermeabillty of the soil surface however

. those effects are usually temporary The release of nutrients bound in the organlc )

- matter can be beneficial to regrowmg vegetation and: often new vegetation contains

’more nutrients for wildlife.

Recreation is affected by fire Iargely thr0ugh the degeneration of scenic QUahty

: Hikers and sightseers generally prefer more ma>ure forests and tend to avoid burned

“woody plants are controlled

over areas. Timber is adversely affected by fire where valuable stands maynbe

destroyed by intense fire. Low to moderateiy intense fires may not comypletely destroy

" . the trees. Rangeland may benefit from fire where grasses and forbs are encouraged and

f
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~ C. wildlife Charagteristics ’ ) .
Wildiife has been selected spec:flcally to demonstrate the valuation methods.
Hence some background on wuldl’lfe is presented Wildlife of the Boreal forest is
‘dlverse and includes big game anlmals (e.g. moose, elk, deer, carlbou, black and grlzzl'y
'_bears) furbearers (e g. marten and ermine (Muste/a sp.)), birds (e. g partridge (Perdix ’
sp.), pheasant (Phas:anus co/ch/cus) and songbirds), and. fish specnes (eg. trout (Percaps/s '
~sm.)). Biological data regarding species’ responses to wildfire are sparse for many
species. However data do exist for selected species Caribou, grizzly bear and
furbearers prefer older forests and fire destroys their habitat dlsplacmg them for years
depenaing on the size and- mtensnty of the fire. Moose deer elk and Black bear benefit
*' _from the more diverse habitat created by fire. Thelr\gopulatlons have been reported to
increase following fire. Populatlon dynamlcs are compllcated and factors beside$ habltat
affe_ct population growth or de_cllne. Dlsease, predation, ‘huntmg pr-essure and habitual |
use of an area as well as food affect population.Therefore, predicting populat‘ion
change based sofely on |mproved or degenerated habitat is llkely to be maccurate
‘ Habitat carrylng capamty can be estlmated however, such that the predlctlon of
'potentlal populatlons is more stralghtforward than predlctlon of actual populatlons
| * Habitat consists baslcally of two components food and shelter Animals requure .
_both within-their range Ungulates gengerdlly require cover of mature forests of at Ieast |
-200 m wide to be effective. Forest areas cleared through burnlng or clearcuttlng are
utilized by wildlife mainly arounﬂd the edges in close proxlmuty to cover. Large fires often
leave. unburned islands that can be used for cover. Therefore, fire size is n,ot alyvay_s a
vmajor»fac‘to‘r in determi"ning wildlife use changes. Winter:brow-se is generally the limiting

food factor for ungulates and height of browse and snow depth affect the availability of

'the browse - _ :

: Moose are often used to study populatlon fluc/;sons due to fire. In a study by
Telfer (1978), elk and deer dlstrlbutuons were not found to be weli- correlated with
" browse productnon while moose dIStl’lbUtlon dld appear to be well-correlated and so X
were sasiest to study Some estlmated moose population density flgures illustrate the .
variation that can arise. Gasaway and DUleS (1983) found:low moose densities of ) W
. .0.1-0.2 moose/km? in mature or climax forests with low browse potential. The authors ”

K
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found that under favorable conditions (e.g. improved habitat), the moose population

could double in ‘3-4 years. Nietfeld et al. (1985) reported mean densities of rnoo_se in

the parkland region of Alberta of 1.25 moose/km?; in the mixedwood region of 1.10 .
2 e

, mobse/Rm2 and in the

area in.B.C. (Fuhr, 1983

lls region of 1.31 moose/km?, A habitat &sessment of an

howed moose potential carrying capacities from'0 to 6.0
moosefkm?/ year wnth densitigs of up to 7.6-9.0 moo,se/km’/year ona producttve
floodplain.

Hunting activity is the main measurable portion of wildlife use value, especially
for big game. Hunting and trapping are regulated by fish and game authorities in the
prairie provirices. For example, Alberta has had big game license sales of around
300,000 annually for the past flVB years mdncatung a large demand for huntmg Huntmg
pressure has been mcreasmg over the Iast two decades (Adamowucz 1983) Wildiife
habitat is constantly threatened by agricultural and forestry demands on the land putting
wildlife pOptilations at risk. With incredsing demands for wildlife as part of recreational
pdrsuits; wildlife needs require greater consideratien rtha'never. Fire is a tool that can be
' used to impr’eve hebitat for selected species. T.'rnber values are, nowe\)e‘r, negatively
affected by fire. In the following section econemig yalues and expenditures on.fire '
management, ttmber and wuldhfe resources are dlSCUSSBd The various demands on ther
forest are put into perspective and the |mportance of’ both timber and wildlife resource

uses are outlined.

D.!Economic Perspective

Qo
@

Forest fire control costs in the prairie provinces are h@reflectingia high
incidence of fire in Bereal fdrests and beliefs that high values are at risk and that all
fires are damagmg and require control Table Il 2 shows average fire control
expendltures in the pralrnes both budgeted anﬁ actual for 1980 to 1.983., ;An average of

- forty-five percent of the total expendutures for flre control in Canada orugmated from’
the pranne provmces during those four years Presuppressmn expendntures are tendmg :
to become greater than direct suppressnon costs due to ‘an effective presuppressuon
preparedness system. Such a system for example, was mtroduced by the Alberta

Forest Service in 1983. Costs of forest protection in Alberta in 1984 were $41, million.
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Table 11.2:  Firg Control E’xpendltures for the Prairies’ and Canada (1980 -

RE I | \ .
¢ . . ‘&
—3 K
’ Budgeted Costs : _ Fire Centrol Costs
‘ (s 000) .' B (s 000)
MANTOBA - . 5248 . 6373 -
SASK. o« "” . 2,663 - 13,286
‘ALBERTA - - ¥ 2447 0 #® .- 40,324
PRAIRIES ‘ R 28,358 | 59,984

~ CANADA 106,989 - . 183,157

Source: Canadian Forestry Service. "Selected Forestry Statistics - Canada" 1984";

_with less than $8 million dlrect suppression costs (Alberta Energy and Natural Resources
Annual Report 1985). Forest protectlon of whnch fire protectnon is the main part '
constituted 25 percent of total management costs in Ca_nada in 1QSf indicating the
relafively large part fire management plgys in torest management ectiviti'es. )

A companson between timber resource and wildlife values |Ilustrates the relative
values of both. Table 1.3 shows timber values based on stumpage value estlmates and”

harvest volumes for 1981 in 1981 dollars. The stumpage or conversion return estimate - |

-was derived from Table IX. in Phillips, et al. (1985). The value of $7.50/m* was the
medium revenue (price) level and the medium cost level at a 100 km haul distance °.

Harvest volumes were derived from Canadian Forestry Service Inforniation_ Repdrts for

Alberta, Manitoba and Saskatchewan respectively (Ondro énd Williamson, 1982, 1984,
1985). \Timber ‘_valuee for the three.p‘rovinces totalled $83,194,669 in 1981. Wildlff_e

- economic benefits are shown in Table Il.4 and were derived from Filion, Jacquemot and

o . .e

Phillips ‘et al. {1985) considered only a small area of Alberta in deriving
stumpage values. Personnel in the Tnmber Management Branch of Forestry, Lands
and Wildlife use considerably lower stumpage values than Phillips et al. but
Branch personnel indicated that actual values may be somewhat higher than -
$7.50/m?. Chapter V discusses stumpage in more detail.



Table 11.3:

C e

Timber Valués for 1981

Harvest Stumpage Value

’

Total \E/alue

Prairie Total”

Stumpage value from Phillips et aly (1986)

Volumes : ‘ _ .
(m?). ($/m?) (s) ($)
ALBERTA | ' 7,356,172 7.45 54,803.480
SASK. 2,816,249 7.45° 20,981,067 93,194,669
" MANITOBA 2,336,931 '7.45 17,410,132
Source:‘ Volume figures‘ from Ondro and Wiltiamson (1982, 1884, 1985)

20 .



Table 'I1.4: ‘Wildlite Related Recreation Benefits for 1981 )
. : Direct Benefits . ot Prairie Total
l : (s 000,000) T . (s 000,000
ALBERTA =y : 114
SASK: | ‘,’(\)J, - . 38 | ' 195
‘MANITOBA  ~ ° . . 43
‘ ™

Source: Compiled from Fil:l.on\, Jacquemot and Reid (1985).

~Reid (1985}. A value of $ 195,000,000 in non_-rnarket.. econon ic benefitsalone (direct :

' benef‘its as determined by participénts) of residential wtldlife- elated recreational
activities was determined for the Prairie'provlnces License fees, eonstituting a market
portion of total wnllmgness to-pay for participation, add consnderably to benefits. Both

+. timber and wnldhfe values are substantial mdlcatmg their umportance to the provnnces

‘

-

‘

E. Current Resource Evaluation Procedures '  - : .
Appratsal methods for forest resources in"the pranrue provinces are less precise
than des:red especially for non- timber resources in Alberta,,for example, post-fire
. rasource appralsal consists of forest mventory cover map uses with overlays of the f;re
areas. A-volume per area figure is caloulated for timber and value lost is determined by
"multipnlying_ volume figures by current stumpéage valu_es for the oarticular forest cover
type.’ There is no formal evaluation of non-timber reséureeﬁs by fire managers due both
to a lack of understanding on their part of evaluation methods and a lack of site specific |
data tor those'resources: Prediction of value changes due to potential fires is also not
considered for n"on-timber resource uses. The Alberta" Forest Service uses four priority
zones to guide ﬁre control activities. Zone 1 areas surrbund populat|0n centres and are _
hngh prnorJty zones in terms of fire control activities. Pruorlty@ 2 consnsts of the

south and western forested areas of the province which contain major recreatuon and

watershed values as well as merchantable tmber-producmg areas. Most of the

~
o
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commeroial timber-producing areas of the ‘norther‘n part of the previn.ce are ir@luded in
Zone 3. Zone 4 consists primarily of |ow;value timber management areas as waell-as
grazing areas and these gre flound mainly'in the north _and-eastrcentral regiong] of Albertaf
There are no stated quantitative resource values associated with the priority zones.
While re_c:reation values, for example, are recognized in Zone 3 areas, thos'e valuas are
not quantified. In general, Alberta's fire control policy is one of protgction of atl
‘forested areas at Ieast at a minimal level. (Murphy 1985). Saskatchewan is, duvnded mto
threg zones for fure control purposes The Intenslve Protection Zone consists of an area
of commercial forestry operat:ons Three districts make up the zone located in & belt
across the middie third of the provmc_e. There are 15.6 mulllon ha. in the zone. The
Secohdary Protection Zone consists of all land north of the Intensive Protection Zone
and is alternately termed The Northern Reconnaissance Zone. While there is som‘e
potentiat for timher production, the zone does not currently contain commercial
operatlons No firg detection system is used in the zone which comprises 19.7 million
ha. The Non-protected Zone in the southern third of the provmce consists of agrloultural
| land in which there is no provmmal forest fire prote/ctlon Protectnon of human life,
public and private’ property, commercial forest land, and non-commercial forest land in

. that order, are the priorities for fire control. in Manitoba the forested area is divided
mto the protected area of 24.9 million ha. and the non-protected area of 40. 2 mnlhon
ha. The protected area consists of two forest zones 2 and 3 Iocated in the centre of
the province. These areas receive vigorous frre,;control measures. North of Zones 2 and
3, the non-protected area consists of Zone 1 and all areas north and east of Zone 1.,
The reglon is Knsudered inaccessible and beyond the economic margin for fire control
purposes. Agricultural land in the southern part of Mapitoba is not protected (Murphy

- 1980). For the most part, only timber values are considered and no non-timber values
\Q used in determmlng fire control responses in the three provinces.

r

In'formation provided in this chapter has outlined the importance of both timber
-4

and non-timber values in Alberta, Saskatchewan and Manitoba. At the same time, the
emphasns placed on timber value by fire protection pohcues in the three provunces and

the general lack of con5|derat|on for non-timber values is evident, Some theoreticat

concepts underlying forest values and fire management are presented in Chapter .

¢
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¢ : 1R Concaptual Analysis
*The measurement of public welfare change that results from fire' management
decusuons is basuc to this study Welfare changes are reflected in changes to.resource
values from which individuals derlve bepeflt In this conceptual analysns measures of
welfar\e in the context of forest management, and the problems mvolved wnth measurlng
non-market benefits, are examined. Productidn theory is discussed along with hfw the
theoretical concepts fit with fire management economlcs As well, the mtertemporal
nature of forests and their uses are consndered Ultimately, the conceptual analysts
| seeks to provide the theoretical background that will illustrate the need for A\
measurements of welfare changes resulting from fire: How those measurements are
mcorporated within productlon and optimization techniques in a forest fire management .

framework is considered. SR . . .

A. Willingness To Pay Measures
Public policy decusrons such as those made in forest and fire management
processes affect consumer welfare The measurement of changes in consumer welfare

“levels is not as stralghtforward as measures of prodicer welfare or performance.

a

-~ . Parameters such as profit are observable measures of producer welfare - there is no:

comparable measure of consumer welfare since utility is not measurable. An alternatlve
. therefore, to rnqa(\sgrmg utility or consumer preferences is the amount of money an
individual s wiI_ling‘fo _péy to ‘move between levels of consumption. Willingness to pay
_(WTP) has b.ecomevcentr(l to applied welfars economics as a reflection of utility.
Marshall (1930) was instrumental in the derivation of money measures of welfare gain
and considered consumer surplus - the area under the demand curve and above the price
line - to be representative of "true” WTP on the part of the consumer beyond what he is
-- -required to pay. Consumer surpius (CS) has been criticized\as a measure of consumer
welfare because the assumptions that assure that CS is-a good approxlmatuon of true
surplus are restrictive (Just, Hueth and Schmutz 1984) and not supported by empmcal
evidence. Hicks (1943) considered alternatiue measures of consumer gain or loss,
namely compensating ;ariation (CY) and equivalent varlation EV) that more closely
represented WTP. Compensating \'/ariation is the amount 6f income which must be talten

LY
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~away from the consumer after a.price and/ or incomie change in order to restore the

Ve

C co,néumer‘s original welfare level. Equivalent variation is the. amount of income that_ must
be given to a consumer in lieu of price and/or income changes to leave the consumer as

~ well off as if there actually had been changes. Compensating variation, therefore,

measures gains or losses to the cons\)mer associated with making a change from the '

original level of consumptuon whereas EV.is assocuated wsth W

-

Techmcally CV measures WTP for a change while EV ;neasuresw»llmgness ta accept
-.compensationt (WTAC) for not making a change. In the case of fire control, demand can
be revealed through the consumers WTP to move from one level of control to ancther
or WTAC for not ‘changing the level. Both CV and EV are associated with Hicksian R
compensated demand curves that- sfcount for income effects while CS is derived from
Marshalhan or ordmary demand curves. For zero income effects, the ordinary and ‘
compensated demand curves coméﬁde and the three values are the same. A zero income
effect' is unlikely to occur in the%real world and the; restrictive assumpiions associated
“with CS therefore make CV and EV estimates preferable although the difficulty of
estimating compensated dernand curves is recognlzed Assuming relatively small income
_effects, EV and CV and their proxies, WTP and WTAC, are used.in empmcal work. The
two measures should be similar however empurncal studies ghow WTAC estimates to be
higher than WTP estimates. Oftera, estimates of both WTP and WTAC are given (Just,
Hueth and Schimitz, 1982). Equivalent variation and cv -estimates ere‘ more accurate
measures of the CS portion of total WTP however there is considerable difficulty
involved with determinin‘g those ‘estirhates due tosdata deficiencies and croblems V\rith,/,
measuring the Hicks compensated demahd curve. WTP estimates in the Iitereture.

.' therefore are likely to be measures of >CS from M?rshalliah demand c'ur\)e_s" (Sinden and
Worrell, 1979; Just, Hueth and Schmitz, 1982)." '

Some nbte needs to be made as well on tj_e,__contrc’:versy surrounding the
-'appropriateness cf CS since it'doee not represent money that has actuEIly been
exchanged for the resource. L’oomis, Peterson and Sorg (1984) assert that for

~ non-market resoerce uses such as recreation, CS is a tangible economic benefit and
représents cons‘umersl WTP despite the fact that goverhment does not attempt to

“collect the full WTP for the resource use. The authors further. discusg the issue of

-
»
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expenditures versus total value of resources. Often, expenditure information is used to
determine value of a resource and this ntuseful in some kinds of economic analyse.s
The use of orily expendlture information in the determlnatoon of total '}Iue of
nongmarket: resource uses espscially results in an underestimation of that value since
expendutures are only a portion, of what the consumer would be willing to pay to use
that resource.

The usefulness of WTP measures lies in the ‘f)ct that WTP includes both markset
revenue and CS portions of the total value of a reso . ce. Therefore, for maasuring the
valuL of fire control and alternative|ylthe value of the cesW(’cn;protected \By fire
control, both market ahd non-market resource values can be estimated using a single
valuetion measurement. 't'his is 'importa t for comparing.be‘r\efits derivéd from both |
market and. nvarket portlons of the s\ste

‘resource Vvalues such as tlmber are reflected i

P estimates of market based \

-

e market through prices, For
non- market resources, existing price mformatlon;s inadequate and misrepresents value
of those resources WTP estimates must be, derived by other methods There are three

. methods commonly used for non-market benefit estimation. These are the travel cost

.method, the. hedonic price technique and the contingent v Iuatuon method The use of
these methods and assumptuons underlyung their use are dIS ussed in Chapter V.
Estimates of WTP are thus requnred as inputs into the analysns rocess involving

C production of fire protection. * ' N '

B. Productlon Theory and Fire Management Ecanomics

The production function represents an input-output relationship that c}escrlbe's
the. transformatior of resources into products Output is seen{as a functloo of a set of

»

inputs or factors of production as follows:

y = flx,, )g,,_x,,...,xn)
The theory of produotion is concerned with an analysis of how the producer combines
the inputs in an economically efficient manner. More specifically, the producer seeks to

use inputs or resources to the point where the’ marginal factor cost of each input equals

A



the/margmal value pﬁduct where the cost of the last input unit of production equals the
value of the last unit of ptoduct being produced. A thorough knowledge of input and™
output prices and respective marginal productivities are therefore necessary fer
efficient resource allocation, . ‘ 'l

Fire managers, as producers of fire protection, face a problem of optimization -

determining the most efficient allec‘ation of scarce b\udget and manpower resources to
achieve management objectives. Those objectives have evolved over the ybars from .
“physical goals of minimizing the area burned to the more recently accepted economic

' geals of minimizing fire suppression costs and damages xgsulting from burning. The
Ieast—cost:glus-l_oss theorY of fire control was developed by Sparhawk (1825) and -
contiﬁues to be a reference for many fire tnanagement policies. Its basic form is
presented in Figure Hll.1. In theery, as fire management costs increase linearly, damage
decreases at ajdecrpasing :ate. Total expenditures (T) are the sum of costs (©) and »
damages (D). The optimunt level of fire management effort occurs at the minimum of the
total (T) where marginal rcost equals marginal damage. Eiré maﬁagement effort is .
measured in several ways. These include suppressuon and presuppressnon expenditures,
acres burned, and attack time. The diagram remains essentially the same regardless of

" the effort parameter used. The aﬁblgwty mvolved wgth effort measurement is a serious
flaw in the use of the LCPL concept. Other deflcnenmes in the concept concerned the
implied relatienship betW%en damage and cost that is not adeqUately explained through
production theory. The assumption that fire behavior, size and severity can be influenced

by the amount of effort applied is maccur Despite the obvious inadequacies

associated with the LCPL theory, it has'remained basic to fire economic theory. There

-

have been numerous revisions and additions to the theory and its usefuiness has

improved considerably. i - —
A conceptual view of the economic theory” of flre management is |Ilustrated in - /
'.‘fgure n.2. Relatlonshtps between area burned, fire management effort and dollars spem/
_are explained in the diagram, adapted from Slrﬁ’ard (1976) and Gamache (1969), that can
be used to derive optimal levels of fire control. Eactl quadrant is considerad as it ‘

4
contributes to the whole theory.
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Figure II1.1:

The Least-Cost-Plus-Loss Theory

Total (T=C+p)
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The production function in quadrant lll was an important development in
applications of the theory as it helped to explain the relationship between costs and °e

damage. The function specifically relates fire management effort (input) to area burned

.

(out_put) as follows:

& Area Burned = f(Fire Management Effort)
Initially, incfeases in fire management ef fortwesuit in greater than proportional returns to
scale to reduce area burned. Decreasing returns to scale become evident at greater
effort levels as fire control resources remain unuséd for longer p;riods of time. The
functi'on differs from the traditional form of a productioh function in that output or area
burned is actha_lly the inverse of production. Qutput may alternately be thought of as
reduction of area burned in a more traditional form of the function. Other authors (e.g.,
Davis, 1965; Gamache, 1969) have succeeded in incorporating production theory into
the field of fire economics.

Costs of fire mejnagement increase linearly with the level of effort. Theoretically,
one would expect the function tovcurve downward slightly at greater effort levels as*
cost savings wéré realized: The effect oﬁ the total cost function, however, wouid be
minor. Damages increase exponentially in doilar terms as the area burned increases.
Empirical observations have shown that large fires tend to be more intense thus causing
more damage than many small fires in comparable areas. The extreme va(iability of
wildfire, .however, lends a degree of uncertainty to the nature c;f damages incurred so
that while this form ;f damage function is generally acceptable, it may not be entirely
applicable in mény instances '(Chandler et'\at., 1983; Kelsall ét al., 1977). A damaéé
function of this form carrie? the assumption that all fire$ r‘esult in a loss of value and fail
to account for possible benefits due to fire. Simard'(1976) splits the damage function
into damages and benefits,(ngrdduging the benefit function into fire management theory
in recognition of both beneficial ancd detrimental effects of fire. As with damages,
benefitawaq)cqnsiderably with fire intensity. Figure Ill.3 illustrates the hypothetical :
relationship between benefits, damages and fire intensity. At low fire 'intensities, damage

may be minimal‘and there may:be positive benefits resulting from the fire. As fire

“ - _ ’
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- Figure Ill.3i A Schamltic Rclltlonship Betweon Damage, Banefits and Fire f'.t}_‘,
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intensity inoféﬁses benefits may reach 'a maximum and bggin to'decrease whi!e damages

u S
may mcrease &gnnhcantly. AR

) ‘

Several characteristics affect the evaluation of damage Degree of - substitutabihty

.,_between recreation sntes, for example, will have an effect on perceived damages due to

fire. Consumers are assumed @ maximize their utility from a recreation visit. A
- - - y . .

consumer is indifferent between two 'recreation sites of similar characteristics and

‘chooses only to be on the highest mdifference curvé within his budget When a

recreation site is burned and there are no equal substitutes, _users ‘move to-a lower
|nd|fference curve. Travel costs to a new “site may be higher or the level of satisfaction
gained from using the same site may be lower. Uniqueness of the area.is, therefore

srgmficant (Crosby, 1977). Substltutabmty and the margmal rate of substitution (MRS -

~defined as the amount of one good that must be substituted to compensata for the Iqss

of another good) Wouid be very low and there would be a high opportunity cost
involved in substitution of that unique eXperience Fire tharacteristics irifiuence the
substntutabnhty of resource uses. Large fires can greatly reduce the MRS causmg

recreation users to tra\/ei Ionger distances and incur higher costs The availability of-

. substitutes is theref,,ore.a characteristic that.needs to be consideredvm evaluation of |

,

damage. -

bamage is dynamic and can eventually be reduced to zero given, sufficient time. i'
For &xample vegetation wuiITegrow on a recreatlon site over time. Damage can also be
zero or negative if a superior site results frorn the fire as in the case of an improvement

in-wildlife habitat A net present value (NPV) formulation for damage should ther‘efore be

utllized so as to account for the. flow of benefits from fnrest, and changes in

fire-induced damage over time
A I'iSk premium is the amount a user facing risk-is wﬂlmg to pay to teduce that

risk. Presuppressnon activmes fall into this category and are the responsibility of forest

managers Users face Iittte direct risk from fire aithough from a socnal standpomt fire

risk is substantiai. The rnsk premium is relatively unimportant to the public -owner of

forests and resource goods. and services. Losses to fires represent minor percentages ,

of the total area- owned SO payment of risk premiums above the expected vaiue of the

.
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Total net beneflt is éefmed as the \dlfference between benefuts and damages
where the dnfference is greater than zero, i.e. it is the cumulative net present value
rasulting from flre ldeally, the opt:mun\suze and mtensuty at which a fire should be
controlled would be where total net beneflt is at @ maximum. In other words the optlmal
level of fire control would be at the pomt where_marginal damages equal margmal ' /
benefits. Practncally, the apphcatncn of the concepts may be difficult. Identtﬂcatuon of

- the pomt of maximum positive net beneflts may not b possible or may be only crudely
identifiable. Fires cannot be controlled at précisely the optimum point. Recent
acceptance of these concepts is not  obvious but i is manifested in the emergence of
controlled burn policies that acknowledge beneficial fire effects

-Fire management can thus be-summarlzed as a productlon process comprised of

A=

three functnons

1. The cost fuhction - rnoney spent on aquisition oFfEctor's of production

2. The pr.oductlon function - employment of factors of production to produce output

" s

3 'The dﬁmage function - the generatson of economlc returns from output

)

A PN - C ] ) C —
~ Redefining the damage function to include(benefits is a significant advancement in_t,he .
th.eory of fire economics. The overall economic. theory that combine'sa the"‘/cos.t
productuon and damage and benef:ts functuons can how be consldered The damage and
: benefut functudns are combined into a smgle net present loss (NPL))functaon defined as
,the present value of marglnal losses mmus margunal beneflts I he termis analoaous to
net present vatue (NPV) loss is used only because a posmve NPL is desnredﬁwhen losses.
~ exceed benefits ln th|s analysus changes in ngt benefits a ea burned and ﬂre
management effort change are consndered therefore, margmal functuons are most
‘useful Referrmg to F:gure . 2 margmal damage and margmal cost of fire management
~effort and area burned are illustrated with the productnon function relatlng the two '
, parameters Quadrant I shows marginal cost (MC) and rr%argunal“damage {(MD) functions
for area burned.’ Quadrant 1] luustrates-MC and MD functions for fnre management

effort. As area burned increases, marginal costs decrease%hén increase at higher levels

]
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of area burned. The upward sloping marginal damage function indicates exponentially ‘

" increasing damages as area burtied increases. Total costs of fire management effort are

assum_ed to be linear as effort increases gi\?ing a consta'nt marginal cost functiop as ©
indicated in Quadrant ll. The shape of the marginal damage function indicates that at low
levels of fire managem"ent effort, total damage increases at -a decreasing rate. Beyond
'some moderate level of effort, damage begins to decrease at a decreasing rate: Thus, at
low effort levels, there is an increasing return to preventnon of damage "as the level of
effort lncreases whlle at higher effort levels, decebasing returns to damage pre;/entnon
rare mducated At the. point where margmal cost equals marglnal damage optimal area
burned and optimal effort level are reached as mducated by point 1 on the two axes.

~ Use of margmal net present loss (MNPL) rather than margmal damage results in a
dlfferent optlmum Assumung some level of b,eneflt hoWever small, from every f|re
MNPL w;ll’ always‘be less than MD. Determining an Optrmum based on equating MC, MD
and area burned will result in a lower area burned and hugher effort level than the |
optlmum based on MC MNPL and area burned. By incorporating ‘benefits from wil8land

fire into the economlc theory the optnmum solution is achneved with a greater
burned and lower management effort ‘ . q

, These flndcngs fit more closely to current thmkmg ﬂé;n\eqc;cmomu: efficiency
analy5|s in fire management where net va|ue change as opposed to only“loss from fire is
considered. Althaus and Mills (1982),(M|I|s and Flowers (1985}, Gorte and Gorte (1981)
and Mills and Bratten (1980) ali use-the net value ohange concept in the determination of

economic fire effects. This, discussion of theoretical concepts underlying fire

' management processes .illustrates the need for valid willingness-to-pay estimates of net

benefits of forest fire. The theory indicates hnkages« between components but does not
provnde the means wvth which those components are measured. This is accompllshed
through the welfare concepts discussed earlier regarding .wnlllngness to pay for benefits

of fire control.

& R ' -
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C. Optlmizatl?n Over Tima

-

Underlymg the prewous discussions is the fact that the forest resource uses

being considered are mostly non- market therefore valu;ng them is not sumple Part of

5

_the valuation process involves determm:ng the flow of benefits over time rather than the

static value of fhose resource uses. Many factors‘affect the flow of use from a forest
| -delays portﬁons'of the benefits{ Therefore, a study of fire and its effects on forest
values must be mtertemporal
| The. background chapter provided some msnght into the dynamic- nature of the
forest gnd the vanatuons m degree and kinds of benefits the forest provides at different
stage‘s.qg}he dif ficult task of determining the optimum level of fnre control to maximize
benefits and minimize damags is further comphcate_d by tbe,ghangmg benefits over time.
A. fire may_ decrease benefits from all rezources in the firet years.and then benefits
from various uses may peek at different time periods as the forest recovers from a
fire. The optimizat'ion process therefore involves a study of changes in benefits at
-different stages Chonce of the tlme frame to consider depends specmcally on the
resource use Timber, values peak roughly at eighty years and decline as the trees '
overmature and succumb to dnsease or msects Wuldhfe values vary; furbearers prefer
more mature forests and follo;/vlng fure, their values may be low for many years and
‘peak again as-the forest matures. Unguiate values are likely to be htgher in recently
burned forests with better food supplies. Recreationists usually pr'efer older forests. A
period of sixty to a hundred years therefore may well be a suitable time freme in which
. to study the flow of benefits and damages in a forest as a result of tire. ‘
Benefits and costs of fire control may be realized at different timas in the future : |
so some method must be used to welgh the beneflts and costs from different.time

.
penods in terms of a common base The net present value or dlscounted value

accomplnshes thls by discounting- future beneflts and costs to the present. Choice of a‘\
discount rate is sumple for market resources such as tnmber and inputs into fire control
- for prnvate feasibility studles the market mterest rate is used. For "publlc goods" kmds

of resources the market mterest rate is unsuntable Publicly managed forest resource

uses are intended to provnde benefits to socrety If one consnders the future welfare of

. .
’
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‘society to be: of value and in need of protection, then use of a market interest rate
‘would be- unswtable smce future benefits would be valued at zero or near zero. The
‘socnal discount rate used for publie goods is lower than a market mterest rate. However,
the chouce of discount rate |s sub 1ect|ve Consumptlon at some pomt in the future, as -
opposed to the present is we:ghted" accordlng to the rate of social time preference
There is no concensus on what constitutes an approprlate weighting. of consumptnon in
time. Dls\punt rates used in the litePature have ranged fron;j/gro placmg future
consumptlon ahead of present consumptuon up to arate reflectung the opportunity cost
of capltal |Ilustratmg the controversy surrounding social dlscountmg (Fisher and Krutilla,
1975, Harou, 1985) Social discount rates preferred by economrsts for- publncly owned i
rgsources range from 5 to 7 percent *. A sensitivity analysis using s_everal discount rates
<preferable in order to evaluate variability in net present values as a function of ‘

" discount rate. ) " S -

D. Summary

This chapter presented production and optimization theory in relatlon to fire .
' management and explored willingness to pay. measures fo_r non-market values as weII as
'in'-’t‘ertemporal concerns relating to f@rest uses. The optimization process involves a:
margmal analysis approach that expleres changes in mputs and outputs of fire control |
activities. The theory serves to emphasize the need for accurate lnput mformatnon on the
kinds of costs and benefits that result from fire control and points out the problems
involved in derlvmg that mformatlon from an imper fect market. There are other bodies
of theory that could be applled to thls study, particularly wildlife management and
valuatlon and outdoor recreatlon demand theory that has received much attention.in
recent years. A more mtensnve study would require greater consnderatron of some of
these concepts‘ than is provided with the methodology of this study. The next step
nnvolves development of methods by. whrch non-market benefrt evaluation techniques can . |

be incorporated into fire management processes ) -

- ‘Alberta government studies commonly use a rate of 5 percent in real terms as
in the Alberta Land Base Study (unpublished at this time) and an Alberta
Environment ‘study on Drainage. Federal Treasury Board Guidelines suggest the
calculation of present values based on a range of drscount rates mcludmg 5"
percent (Fraser, 1985).



- IV. Methods
This chapter details methods used to derive and inco’rporate non-market values
| into fire planning systems'. A review.of the literature concerning resource appraisal
methods is included in the first section. The second §ection introduces a three‘ part '?
methodology including flow charts for collecting and analyzing biophysical_land\economic
data to d rive the desired values. The third section contains a discussion on uses of the
methods and values and the presentatlon of those values in a practlcal form for end

users of the mformatlon

A. Current Appralsal Methods
 Resource value appralsal methods have been dlscussed by several authors Brady
{1978) proposed a Natlonal Standard Appralsal Guide that consists of a series of
questlons deSlgned to determine a qualltatlve appraisal of fire effects. The prbblem with
‘the gulde is that it is falrly SUbjBCthG fire effects are given ratmgs that may range from,
for example, a very positive effect to a very negative effect and there are no
quantutatnve values available. Crosby (1977) developed a guide to the appralsal of wildfire
. damages_ and benefits that uses a ratings scale of various classes for most resources
considered. Values are assigned primarily on the"basis of expenditure on the resource

‘i.e., costs of restoration of a watershed.or erosion repair expenditures on hunting and
» o

) costs per day per person for partncnpatmg in a recreation activity. There:is some
consnderatlon of willingness- to pay determlnatuon for recreatlon Pre-fire and post-flre
situations are considered in order to compare changes in wullungnesrto pay values
Several authors mcludlng Althaus and MI"S (1982) and Marty and Barney {1981} use

. Resources Planning Act (RPA) values in thelr appralsal systems. The Resources Plannmg

2 Act program in the U.S. provides penodlcally updated resource values that are average
wnllmgness-to-pay estimates derlved from the results of past studles and adjusted to a
common base. No equnvaltant values exist for Canada. Therefore, other methods fust be
utilized to derive deswed values. Gorte and Baumgartner (1983) use available expendlture

*& data to. derlve wildlife and recreatlon values. Crutncnsms of the expendlture approach
were outlined in Chapter three and concern the fact that the total value of the resource

is. not reftected in expenditure formulatlons.- Therefore, these expenditure approaches
. 4

-
-
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are not acgeptable, Noste and Davis (1975) discussed some of the limitations of e

damage appraisal systems.They cited reasons for the lack of a universally accepted
system as uncertainty in damages to values and problems with acceptance of.appraisal
systems by fire managers. | ‘

Although there have been attempts to develop a useful appralsal system for
forest resources there are problems associated with adaptlng the methods to Canadian
condutuons There are no equivalent RPA values in Canada and some of the methods
noted are not sufflcnently vugoron for the mformatnon requured The next section
outlmes the methods determined for this study to derive btophysucal fire effects and

subsequent economic values.

4

\
|

B. The Conceptual Model - e : A

The basic form of the conceptual f'nodel developed here is not new. For
example, see Egging. Barney and Thompson (1980). Figure IV.1 illustrates the basic
_ model with its three components or subsystems, flre behavior, fire effects and
economlc evaluatlon As weII fire strategy management decnsuons that i Iude fire
presuppressuon suppresslon and fire use (prescribed burmng) act:vutles are included in
the model. The fire behavior subsystem provides information on the nat'u~re‘ ofpthe fire;
fire intensity rate of spread and other outputs aid fire'nTanagjers in strategy\decisions.
Flre ‘effects depend partially on behavnoral characteristics of a fire. The economic ’
evaluatlon of resource values that are affected by fire rebutres biophysical f|re effects
data. Fire flghttnd activities mfluence.tbe three subsystems. Aittiough this study does not
" deal‘specifically with fire suppression activities, their place within the ‘fire mana‘ge‘ment
framework is ilustrated in Figure IV.1. "

The econormc evaluation method used in this ;tudy is based on work by Milis
(1980) and others, and uses the cost plus net value chahge (C + NVC) criterion
_introduced in Chapter lli. Resource- values are required for cases of with and without
fure to derive net value change fugures The simple model in Figure IV.1 is modified
slightly to mclude a sectlon on flre effects and econcmuc values for both cases. In this
section, the three subsystems are developed separately and-the model progressnvely

expanded to mclude data requurements and sources, and methods of deriving the

v
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‘Joutputs of each subsys_tem‘. The final outcome is a detailed conceptual model that ,

outlines the derivation of resource values affected by fire and how those values fit into

fire management decision processes.

‘e

C.Fire Behavior Subsystem o L

The Jetermmatlon of frre behavior, aithough not an exact scnence has at least

de'\réloped to the point where fire behavior can be pred'cted with some degree of

\accuracy Based on years of observatnons of actual fires and Iaboratory expenments
m:d:ls have been developed for’ behavror predlctuon. A mathematical model to predict
fire Spread developed by Rothermal (1972) became the standard for fire prediction.
Further research and refinement of techmques since 1972 has made fire modelling
hughly sophnstrcated The models have hugh data requirements with inputs on weather,
fuels and topography. All inputs can vary wlthm a particular forest and fire 5|tuat|on and

~inputs can vary over the I|fe of a fire. This vanablhty comphcates the predictive power

' of the models. Experrenced fire managers can, however, derive valuable data from the

models. Output datal(nclude information on rate of spread and fireline.intensity °
(Rothermal, 1983). These flreqbehawor forecasts are site splcmc taklng into account
local variations‘in topography fuels and weather. Fire danger ratmgs are estrmates of
burnmg conditions over a large ‘area accountlng for generallzed topography and fuel
types (Chandler et al. 1983). The development of fire behavro.r prediction sy tems are
discussed ig detail in Chandler et al. (1983). In brief, Canada_ developed the Fire Weather
Index (FW ystem of numericalﬂratings for relative fire potential and regional Fire
Behavior Indexes (FBl) of. acteal fire behavior in specific fuel types which together. were
used to represent fire mtensnty potentlal in the fire dangler rating system. It has since -

/

been replaced by the Fure Behavror Pr Adiction (FBP) system. Fire behaluor forecasts are
made based on several rules of thumb that affect behavior lncludmg hanges in fuel

Ioadrng fuel moisture, wind speed anq dlrectlon and slope (Chandler et al., 1983). In
areas wnth fuel types representative of those in the fire danger rating system, behavior

forecasts are best made based on indexes from the danger ratmg system that can

/

predict rates of spread a#d intensity. ‘
K L o . v ©
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While the FBP system is still ynder development, its generalized‘structure Jis
shown.in Figure IV.2. There are three inputs, fuels, weather and topography, and thrga
' priméry outputs, rate of spread, fuel consumptién and fire intensity. Although the
purpose of the system is; to provide data 'fordfire control purpbses, the ir;tensity.
ginformation is of particﬁular interest in this study ?c-ﬁ.re intensity largely influences fire
effects. On the input s:de fuel types are of interest in determlnmg fnre effects Fuel
_types have been duvnded into. fourteen discrete classes that are orgamzed mto five major
groups. coniferous, deciduous, mixedwood, slash and open. A summary description of
fuel types{ifs f\ound in Appendix A. Currently, only the rate of-spread componeﬁt of the
thr\ée oufpm{ts is cormpletad. The%other two components are unde_r development.‘and the
intensity c;ompo'nfélnit’is partially completed.
As noted previously, intensity and si;e are the two cemponents of fire behavior
of interest in this study. The fire intensity component consists\ of two parts; a chart to
determine intensity ranks and a table explaining the ranks. inputs used on the chart to
derive intensities are rate of spread (ROS) and initial spread index (ISl). These
compoﬁents require a defailed set of inputs. 'fhe Procedure for deriving ROS and ISI
figures is outlined in the FBP user gui (Aléxander et al., 1984). In its present form,
subject to revision, t‘r:ere will be a cu omlzed chart for each of the fourteen fuel types.
lntens'ty charts and tables have-bee completed for several of the fuel types - a sample
provided in Appendix B shows the upland jackpine fuel typg. The chart provides a
straightforward method for deriving and' p&'traying fire intendity with intensities ranked
from 1 to 6. Ranks 5 and 6 (greater than 4000kW/ m) excee the intensity necessary to
combletely destroy forest vegetation and’most other forest resources. Therefore;
those two ra.nks may not be of much use in this stu':ciy. Intensity ranks are, thus,
derivable from the cha;ts and/or tables given the pertinent fir& information. . ;}
A modified table developed by M Alexander at the Canadian Forestry Service
gives a descriptidn'of general firé impacts on the forest vegetation for the jackpine fuel
type for each fire intensity rank {Appendix C). Coupled with informatiqn from the | \
literature on fire damage to vegetation and other resources, initial fire effécts can be
derived. Similar charts for the other fuel types and for other resour‘ces can be

developed using various literature sources.

. - <
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Figure IV.2: The Canadian Forest Fire Behavior Prediction System
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The primary output from the fire behavior sub-system is fire intensity. Other fire
* characteristics such as fire size and season of burn are modifiers used for fire effects
determination. The FBP system coumd“ with the intensity rank tables will provide a
prednctlve capability useful for planning purposes. Specifically, fire managers will be
able to predict the intensity of a fire in a particular fuel typeand\d/o/ ive fire effects
information from the predictions. lntensnty data are not yet availakfle for all of the fuél-
types. Henc;, use of the system is limited at this' time. Once the data are avéilable, the
fire Behavior sub-system will be useful. (S |

The fire behavior co_mponent of the simple model presented earlier Acén now be
~ expanded to include the inputs and outputs developed in this section. Figure IV.3 shows
the expanded model. Fuel type, topography and weather variables are used in the FBP
model as inputs. Outputs include fuel consumption, rate of spread and fire intensity.

Intensity output is then used with modifiers as input into the fire effects sub-system.

L3

D. Fire Effects Subsystem L.

-~ * .

Lmkages between fire behavnor and fire effects are difficult to establlsh An,

| attempt is nevertqeless made here to provide a conceptual model of the methods by
\which fire ef_fec\tg‘grmation can be derived. A short review of data sources and kinds
of outputs available for several forest resources is provided followed by a general
conceptual rﬁodeI;‘WiIdIife is considered in detail and a more specific conceptual model

- for wildlife is derived. A

| Fire effects on the biological and physical properties of soil are generally
considered temporary (Wells et al., 1978). Field and laboratory experiments can be
performed to determine both the output of soil as it is affected by fire anﬂe output
of soul in the absence of fire. Soil e?osnon can be measured through field experiments to
give a fairly accurate estimate of fure effects on soil. Field experiments can similarly be
used for water to determine changes in quality and quantity of water due to burning. For-
recreation, effects of fire are determined through studies of recreation site usg ‘
involving surve'y‘s to d.erive individual pr:eferences. A common method uses photbgraphs,
dapiétiné recreation sites before.and after fire. Indi\)/iduals are then asked to rate their

preferefices for sites. Production of for/@e provided by forest range resburces is
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~

measurable usmg standard clip plot procedures that determine forage productlon by
weught and speCles composltson Tlmber productlon flgures are available and fire effects
can be calculated in terms of complete loss of tlmber and/or salvageablhty of partially
burned trees where fires are less intense. The flow chart in Figure IV. 4 outlines general
| procedures for:determining flre enffects on forest resources anary effects are |
determined for each of the.fire lntensuty types Long-term of secondary responses are
then determined using avaulable mformataon from literature sources expert opmlon fieid

observatnons arw blophySIcal models. Resource output w:th fure is compared to output

"WlthOUt flre that is derlved usmg the same data sources The productlon flgures are: then |

voa

-

‘used in the economic evaluation subsystem
’ Consumptlve value of wildlife can be derlved from huntlng data Therefore fire:

effects on huntlng need to be determined. Two approaches can be taken T(hjblologlcal -

: approach uses assumptnons regardmg linkages. between huntmg value and annmal

' »populatuons For example as. populatuons change due to fire or soms#: other factor,

huntmg value will SImllarIy change The problem then remalns to identify population

responses to fnre A method suggested by Mills and Flowers l1985l’ conversely uses

he} R
recreatuonal values (huntmg values). determmed for wnth and wnthout fire situations

through hunter surveys The authors contend that the blologncal varlables are too great E
. ‘to be able to lnfer pogulat:on responses to flre For most areas, however and at least
“for the pralrle provmces, no huntlng or recreatlonal data are available for comparlson of

. .actynal huntlng responses to burns Therefore a blologlcal-approach mvolvmg the
”determmatnon of population responses to burnlng |s needed for derlvmg flre effects on

 wildife. |
= Wlldhfe populatlons are closely hnked to vegetatnon or. habltat factors
Therefore the two are Jomtly duscussed The foflowmg series of steps descrlbes a |
i 'process for determmmg Wlldllfe populatlon responses to fire. Sources of mformatlon
'and data needs are |dentlf)ed and gaps in rhe body of knowledge surroundnng flre |

.‘h
effects are noted

. '. . | ‘ o L ‘ RN ‘ W a
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1. .Determination -.qf habitat effects of fire: o
a. ldentification of fuel type/habitat type;

"" . . ’

b. Determination of primary effects of .fite (Use of literature on susceptibility of

vegetatnon sbecnes to fire-intensity usmg mtensnty ranks from fsre behavnor

)

K subSystem) " 7
c.‘. Determin tion of secon,dary fire effects (Use of literature on sUckering, seed
release, ;S?se .efc.); '
d. Description of succession 'possibiliti'es.
.2. Determination of species resbonse te habitat change: «-
a. ldentification of species requirements. for feod and shelter;
b. ‘Deterrnination of carrying capacities over successional time span in without .
_ fire situations;. | '
c. Determmataon ef carrymg capacities over successional time span in with fnre

situations. ' D . :

O T

The identification of fuel or habitat tyb‘e’ is relatively straigbtfervfard. Fuel types
described in the FBP systém can be used initially to idebtify the habitat. A rﬁore ‘elaborate
description of vegetatuon using forest cover maps air photos, ‘previous studies, anq‘
‘ground observations of an area provudes a mdre detailed base on which to«buuld
successional scenanos Determmatlon of direct. frre effects can be dernved from the
literature and from fleld studnes of burns Ftre behav:or varlables from the behavuor
'subsystem are used as an aid m-determmmg direct fire effects Secondary fire effects
are not complete]y predlctable although effects can be determ’ﬁad in.a general manner,
: o\ expert opmugn f»r%‘ plant and fire ecologlsts

”L';&/ vlﬁ.,

'ey successnonal process within each fuel type IS

formed by consuderung fire behawgr"Q variables; espegidlly fire mtensuty for with and

. Rehance on both prevuous stu@nes a

T are requnred A descrlptlon d'f a

i
_ wnthout fire cases. The s&cessnor?al processes may be verlfned by ecologists again to
ensure that the processes are reasonable. There has been research on the development &
* of models that attempt to predict vegetation changes over tlme in the presen rooo

% absence of disturbance. A greater degree of accuracy may be possible’ w:th;,'the models

B . N N . \ . .
i o . et [
. ! .
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in terms of more quantitative measurer‘nénts'of vegetation response. Data requirements
are high for such models and the data are not alyyays available, thus limiting the usé of

the models ‘for some areas.

Informatlon is available regardnng wildlife requnrements for: food and shelter. An
Alberta Energy and Natural Resources pubhcatnon onh wnldhfe habntat requirements

(Nnetfeld et al., 1985) for example, provides a detalled summary of requorements for
L I ."‘ L
selected wildlife spemes in Alberta. The local nalig &
P " B
this study. Data are probably indicative of r

»m report increases its value for~

ST 'g{fpr these wnllefe species in
r Yoo

7

Carrying capa‘city is used frequently as ameasure of popuiation potential and as a

Saskatchewan and Manitoba as well.

_substltute for actual’populatlon estumates Carrying capacnty describes the ability of a

habitat to support a partlcular populatlon of wnldllfe specnes It does not reflect an actual

‘populatlon wh:dﬁ may be greater or lesser than carrymg capacity due to non- habutat

économic evaluatlon subsystem. Flgure I\/ 5 outhnes the spemﬂc fire effects mode! for

! wnldl:fe._The‘ri,‘esource Qutpu‘ts are carrying c»apacmes with and without fire.

<
E. Ec'onom‘licl Evaluation Subsystem-
The economic evaluation of biophysical output data_frclm the fire effects

' -subsyétern constifutes the third portion of the study. Included in this section are a y |

description of methods used for determmmg non- market values, net present value and

value change calculatlons and an expansnon of the conceptual model to include the

economic evaluation subsystem. \ _
An extensive review of valuation methods for unpriced benefits and costs is-
foun; in Sinden and Worrell (1979). The authors review the methods. in terms of data
requireménts and policy decisions feSr whiéh the derived values are used. Wh{ilev most of

the methods are not stiitable for the kind of information required in this study, three
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methods do stand out and are commonly employed in non- market valuatlon procadures

These are the contmgent valuation method, the travel cost method and the hedomc price

technique. v

‘Conttngent Valuation Mothod o _ / ‘

The' contingent valuation method also called the direct or survey method, was
: developed in the early 1960's by Davis (1964) to derlve willingness to pay values for’
blg game hunting. The method involves askmg individuals ‘what they would be willing to
pay (WTP) over and above their actual expenses for partlcnpatlng in recreational huntnng
'Conversely, they may be asked their willingness to accept compensatuon (WTAC) for not
-usnng the resource A hypothetlcal market situation is estabhshed and a survey is carrued
‘out, usually through mail questlonnarres inewhich partucrpants are asked to mdlcate the -
‘monetary value they place on the recreational expernence Demand curves:arg deveIOped
vusmg regression analysis of survey responses to WTP questions and other |

socioeconomic- variables. Davis used the following form in his studies’

WTP = flincome, experience, length of stay).

Hammock and Brown (1974) used an extended form o’f the'.model

WTP = ftincomff experience, expenses, bag rate, days).
,

Other researcners (Cocheba and Langford, 1978; Dwyer, Kelley and Bowes, 19?77‘; and
Bishop, Heberlein and Ke'aly 1983) have used the tecnnique to derive not only WTI;
estumates but also the marginal value of a recreatuon day and the marginal value of an .
ammal bagged Smden ‘and Worrell drscuss several different forms of questronmg wsthm
the ¢ one method including the single direct questlon and various trade-off games (bnddmg
games) among others to elicit WTP estimates. The accuracy of the WTP measures
‘derived will depend on the types of questlons asked and care must be taken in the

development of ‘the quest|ons. o .

/
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There are‘several assumptions associated with the method. Consumers are
-assumed to be familiar with the situation (ie. the value of hunting or wildlife for example)
and able to at:tu‘ally value a hunting experience to get true WTP estir;tates. An assumption
is also made that a survey can determine this information. These assumptions may not
" always hold true. There are technic"al biases associated with this method as discussed in-
‘ Sinden and Worrell Hypothetical bias is a concern. Since the'iquestions asked relate to a
~ hypothetical |ssue the participants may not consider the |ssue important and may under
or overstate WTP or WTAC. Strategtc blas may enter mto the responses when the .
_ participant perceives that his'answer may affect future, costs of the recreatnon activity I
and he may bias his answers downhward. In other cases, since.the participant knows that
he won't actually have to spend the money, he may overstate values for the activity. ‘
"~ These and other biases are valid although their relative |mportance in @ survey varies with a
the researcher. ' -
Concerns regarding hiqses in contingent vaan_tion techniques are being addressed
to a greater extent in recent researoh. A study b'y Bishop et al. (1984) compared
: hypothetncal WTP and wnlltngness to sell estimates and actual cash offers for deer .
huntmg permuts Although there were dlfferences found in the values. obtameq the
authors attrlbuted them to hypothetical bias\and c_onsudered the estimates obtained -
through the contingent valuation method to\§e reasonable and valid, _ z ,
There is also some controversy concerning WTP,ahd WTAC estimates. Although
ecohomi‘c theory, suggests that thase two values are measures of consumer surplus and
should be similar (Just, Hueth and Schmitz, '1 982), actual studies reveal much greater
estimates ot WTAC than of WTP (Adamowicz and Phitlips 1983#The reasons for this
dtscrepancy have not been adequately resolved and more research is needed | m the area.
Several advantages to the techmque include the ease ‘'of administration of
surveys, the ability to determine.benefits of non site-specific resaurces, the ability to . |
distinggish between types of values - cohsumbtive and non-consumptive, option ano
existence values, and the ability to separate the \)vildlife componentdrom the value of’

the total experienoe (Adamowjcz and Phillips, 1983).



50
Travel Cost Method ,

The travel cost model was first introduced by Hotelling (1949} and waé fgkther
refined by Clawson (1859) and Clawson and Knetsch (1966). The method uses. an
inferential approach tonon-fnarket benefit yaluation commonly applied to recreation site
valuation that involves observations of a/t/u:I market transactions associated with the
recreation activity. That is, the method uses costs incurred traveliing to the recreation
\site that ar/'s-then used to infer value of recreation days or trips (Adamowicz and Phillips,
198\3 Dwyer Kelly and Bowes 1976) The basuc premise of the tachmque is that the
number of visits made to a site is influenced by the distance travelled and thus by the
costs of visiting. Visiting costs are then used as a proxy for the price of the recreation
exberi‘ence. A demvam'i schédule fdr the site can be determ‘ined from cost data with
quantity of activity per unit ffme as a function of tra\;el cost and o‘the'r exp]anatory
variables such as income and age. Willingnéss to pay for the recreation activity in terms'
of travel costs is the area under the demand curve. Although 'widely used, the métﬁod ‘
has many re;trictiné assumptions. Travel costs are site specific a.nd for multipurpose
trips, there are'.difficulties in separating activities fog ,v/glgation purposes. Utility derived
frorﬁ travel itself is not considereé',_ sité qualit»y‘;mayf'abieristics are assumed to be
constant Ehroughout the study area and users from all zones are assumed to consume
the samef.‘amount 6f recreation at a givén cost. Attempts have been made to overcome
.‘some of theseylimitationsv. Incorporating thé value.of time into travel cost rhqdels-
reduces bias to some e>&ent although aeriving a value for time isA not straightfdrward
| Several researchers have dealt with the value of time in the' travel cost model and with
some of the. other biases noted in order to mprovg the model (HaSpeI and Jolnson,

1982; Cesano 1976; Mendelsohn and Brown, 1983). Site quallty varnaballty and
"substututablhty betwean sites are specmcally discussed in several advanced trave! cost
‘ methods proposed by Mendelsohn and Brown (1983). ‘ ,

(’\4;, . .o ‘ ' v . &0 -
Hedonic Price Method o ‘ | '

- The "hédonic price technique was developéd within the last deq.ade and is similar
to the travel cost method in that it involyves-using recreation engnditure data to derive

demand curves for recreation'éctivity (McConnell, 1979; Freeman, 1979). The theory
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behind the model assumes that a good such as hunting activity can be bro¥en down into
a number of characteristics that make up the activity including days spent, harvest or bag

rate and travel miles and that these characteristics can be valued. The hedonic price
s
function is of the following form: " , : (\

_ /\ _ Expenditure = f(days, harvest,...).
Ex(penditdre is the total spent on the activity with the independent variables, days and
hérvest, as inputs into the activity. The implicit price of each input is derived by .

‘ differehtiating the function with respect to each input (Adamowicz, 1983), The implicit

prices are then used in a demand function for the activity as follows: +

Days = f(price of days, price of 'harvefst,- income, experience.)
Y "

Determining the change in expenditure on hunting for a cha'nge.in hunting days or bag

_rate gives the value of an_additiqnal day of huﬁting or an\ additional anirﬁal bagged. There

are limitations associated with this mefhod that restrict its use. The expenditure function

must be non-linear, othe’ry&!se’ implicit priées are implied to be c;onstént agd the‘demand
curve. cannot be derived. The incorporation of time presents’ some difficulties s_ince\time ‘_

'épent can yield utility or disutility. The choice of' functional form for the ;ieniand

equation is important as it affects’;)alues obtained for marginai days of hunting '
(Adamowicz and Phillip‘s;-1983); Despite these limitations the method provides a valuable
tool for benefit estimation. ‘ “

An extension of the hedonic method for estimating extra-markei ben‘efits. ‘

- involves using a household production function approéch. The approach forms the basis
for hedonic price astimat‘esA however general Hduseholé production theory allows for
the consideration of special problems in recreation activities ie. the value o‘f time and the
cor{gestion factor. Althouéh not specifically used in the dérivation, of WTP vélues for

wildiife in Adamowicz (1983), the author's Study includes a detailed account df the

approach.

¢
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Present Value Calculations |
‘Chapter three presented_ the rationale behind interteruporal analyses of the fulow “
- of costs and beneflts from forest reseurce uses. The following equatton gives the net
present value formulaﬂon for a time stream of costs Co. C,.C,..... and benefuts B.. B,.
B,.....: # g
' " NPV =B,- c., —%L,,%—+-1J,—1;;%+:..

»
)

where r is the discount rate. A socgal dlscount rate is approp(\ate for public goods and
non-market resource values and lsllower ihan the market interest rate Real as opposed
- to n;r\mnal social duscount rates q/e appropruate where costs‘and benefits are evaluated
[‘ in réal terms removing mflatlonary effedts Regardless of the use of real or nominal
d|scount rates, a sensitivity analysns usmg a range.of rates is. necessary to determine the
i .effects of discount rates on values obtained.
The net present value formulatlon is the a proprnate method for evaluating
.policies or projects. Costsj:f fire control, mclud g prescrlbed fire, are recognized as '
being.vital to the overall fir managerﬁent process: Comparison of net benefits of .
suppression with associated costs helps derive optin levels. Costs are not ‘
speC|f|caIIy derivedin thls study since the study is concerned primarily with benefits,
either positive or negatlve of fire. Present value calculatlons take the following form

- PV = 2B/ (t+n"
: _ ’ :

“assuming r is the real rate of discount and Bn represents benefits in the future. Using
this formula, a series of present values of benefits cah be derived that feflect the
discount rates used and time penods considered. These present values 'are then used in

‘ net value change calculations.

Computation of fire-induced net value change of resource outputs is relatively’

straightforward. The general formula is presented here as:

NPV = PV, - PV,
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where NPV = net present value; PV, = present value without fire and PV, = present
value with fire*. In situations in which per unit value of the resource output is not
affected by fire, the l\iVC formulation can be de‘scrit;ed by the formula

-

NVC = PVIQ, - Q,)

where Q, is*the without fire resource output level, Q, is the with fire output Ievel and
PV is the per umt present value of the output. Wildiife per unit values are assumed not
to change with fire since fire does not alter the value of an animal. Therefore, this
second NVC formula is eppropriate.- '

As a comparison with wildlife values derived, timber values are calculated as they

 are affected by fire. Values for timber are derived from market indicators; that is from

prices paid in‘the market for timber.

The economic evaluation subsystem is illustrated in the conceptual model in
Figure IV.6. The ‘deterr/nination of per unit value will depend onthe resource use; market
values for timber or the extre-merket evaluation methods described for \;vildlife for
example. Presént net velues are calculated using per unit‘ values and outputs from the
fire effects subsystem using previously determined discount rates, time pericds and fire

scenarios. Net value change due to fire is then calculated as the difference between

PNV's with and without fire. . oy

F. Sumymary
ASTGds outlined in this chapter involved three components; fire behavior, fire

N—

effects™ d economic evaleatien. The flow charts served to illustrate data needs and
output fro each component. Although the three compoﬁents were oriented towards
Wildlife, methods are adaptable for deriving other forest 'values.?lRecreation values, for
example, could vsimilarly be derived. In-terms of fire ietensities, the,same. fire behavior
component as was used for wildlife could be used for reéreation. For the fire effects

component, physical changes in recreation use as a result of fire would be measured.

£

jMllls and Flowers (1985) use the equnvalent PNV, and PNV to equal PV and
PV, respectively
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]
"Direct surveys of users courd be performed to determine use of pre and post burn

recreation areas.The economic evaluation might consist of eliciting willingness to pay
values for recreation sites and noting the change in WTP values as a result of fire. In the
following case study, the methods outlined in this cb{agter are used gecificalw ) o)

determine wildlife value ‘change8 resulting from fire.



V. Case Stu&y
An area in the‘ppégde Prairie fores(;t of Alberta was chosen for the case study.
‘The Wapiti (83L) map sheet, designated by‘ the Na.tional Topographic System (NTS), is
located between Townships 58 to 69 and Ranges 1 to 14 Waest of Sixth Meridian. A
‘map of Alberta showing the Wapiti map shest is found in Appendix D. The ar.ea> was
used by Beak Associates (1987) and Knapik et al. (1985) in wildlife evhluatipn studies;

: fhus, data were available for use in this study. The case study consistﬁ of an illustration
of the derivation of wildlife values, speéi.fically those o’f' moose. affected by fire using
the methods outlined in Chapter four. Timber values a;g included as a comparison to
wildlife values. The three subsystems - fire behavior, fire effects and economic
evaluation - are dealt with in sequence wit;‘a description of the steps taken and data

sources used. - . .
A. Fire Behavi.or L B

Fire intensity is the primary output needed from the fire behavior subsystem.
Intensity ranks 1 - 6 are described in the FBP System. For: th|s»etud¥é,however a "
oaygﬁacted ranking system was developed since the low and high ranks in the FBP

- fsyé;em m‘%unnecessary in terms of vegetation response. The following intensity ranks

b ¥

;‘ C .. FIRE INTENSITY | RANK
| (kW / m)
<500 | o Low
500-2000 ‘MEDIUM
2000 + | HIGH

Intensity is expressed as a measure of heat produced in lglowatts per meter(kW/m).

There is nojattempt in this study to perform calculations that bredict"fire intensities
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. given fuel t vpe"a‘nd other input data. Fire brediction'exercis‘es are beyond Je scope of '

this pro ject ana shou.d be. performed by fire experts lntensuty charts and tables that are

being developed for the thI}teen fuel-types described in the FBP system, will allow

“m rs to qunckly determvne flre behawor potential of an ongomg f|re ina partncular

fuel type Managers wull then be able“to usg the intensity mformatnon as mputs |n the flre

effects subsystem There are. only “three fuel types for which mtenslty data have been

: 'developed at this time, narﬁely,\jackplne“lleafless aspen and Boreal spruce These three

broad fuel types therefore are used as the vegetatlon types for the-study as weII dsa

Boredl mnxedwood fuel type M 2 (Appendlx A) although mtensnty data have not yet been >

‘ developed for thls type. The low, med:um and high mtensnty ranks are the output from ‘

tne fire behavuor subsystem, Modlflers, such as fire size and season of. burn can be

includad to help evaluate fure effects, as mdlcated in the foIIowmg séacuon

% e o

-

'.B Fire Effects R ' L | - ' . iy

A, .
The determlnatlon of blologncal fire effects was accomphshed in a series of

- steps. Data in the form required for this study., were not- readlly avallable As 3 result,

'expert opnmon (Stelfox 1986) from the Fish and Wlldllfe DIVISIOI"\ of Alberta Forestry,

Laﬁ:ls and Wildlife was used. As well, two cfRsultants reports (Knaplk etaal., 1985 and

_Beak Assocnates 1987) were used extensgvely to derl\/e addltuonal lnformatuon The

A

followmg sectlori descrlbes the dernvatlon of brologlcal fire éffects usnng the methods

'fouthned in Chapter f.our. ‘ldeally, succession mforma_tuon:would be most accurate if old

.

‘bums codld bev-studied and“c'drrent vegetation typ’e’det\esmined by age and intensity of

a M

o burn Such mformatfon,on forest fires is not complete however, especnally within the

o

e Wapm mapshee'o Other methods must therefore %used to determlne spccessmnal | r

,stages o o SIS

-

' '?; © -

"

' lmmednate flre effects on vegetatlon vary with the vegetatlon type, flre intensity,

' and season of burn. Table V.1 Ils;s gerferal effg,cts mfogmatlon for the four fuel types

As md»cated inn.the table Iow mtensuty flres ause Iuttle damage to most forests aside k

from some burn:ng»of llchens 6r grasses on the est floor Mednum lntenslty flres

cause more damage and fire effects varnablllty is hlgh especnally in-the Boreal . | =

ﬁﬁ

. mlxedwood fuel type Season o} buka is |mportant |n=determm|ng effects Aspen Sl

3 'C/ . S v . _ ‘ A )
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all vegetatlon and burn the forest floor down to the mmeral layerf” . : o"‘

o . ! . ' CL ‘ :"f \59
; o _ ‘-~,

. c’
forests will hkely not experience anything more than low intensity flres durﬁg the

e g

" summer months whrle medium mtensnty fires .in the spring and fall are more common. In

the mixedwood fuel type, medlum mtﬁalty fires will cause partial mortality of conifers
and unburned islands of aspen are common. Spruce are especially affected by season
of burn where hotter spring and early summer flres may kill seed cbnes Later in the
season, less intense fires oceur with seed cones left intact. ngh intensity- fnres destrOy

!

Typrcal successaonal patterns were chosen from the literature for this study and

* used to determine habutat response to fire. The four fuel types chosen in. the fire

behavior section were matched with vegetation types described i n R_ussell et al.,(1984)
and typical successional pathways were outlined for each vegetation type and eactt?fire
intensity - Iow medium end high - as well as for a no-fire or baseline. situation. A
detalled descrlptuop of the vegetatuon types lS found im Appendix E. Figures V.1, V.2,
V.3 and V4 illustrate the successionai pathways thus determined. Vegetatlon codes are

1dent1f;ed~1n Tables V.2 - V.E.
N 3

‘,Qetermmatlon of Habltat Sultablllty'Class , '

" The current vegetation cover map from the Knapik et al. report was used to

t

match the successional pathways with actual vegetatuon descruptoons in the: Wa’pm map

- sheet area. Natural vegetatlon cover desngnatlon{s in the map were descr%m general

terms as coniferous or- deciduous foresf‘“ shrubland grassland etc. without, descrlbmg P
vegetatlon by specnes In order to determnne individual s ecnes within the vegetatuon
types forest cover maps that mdlcated tree specnes were used ¢. This method of

determlmng successnonal stages in the actual Wapntn map sheet area was consldered ta

be sufﬂc»ently accuratg for use in determmung habitat suutabnllty classes. An equnvaf

‘vegetation cover descrnpt:on from the map in the Knapuk report was then asslgned

each of the-four vegetatlon types from 'fngures V. 1 Vel 4. These vegétation cover

- descrnptnons were glven to H. Stelfox of the Fish and Wnldlufe Division who then

deterr-'.ned current habitat suitability (CHS) classes from 1 - 4 for moose Tables V.2 -

—AteTta Energy’ and l\(atural Resources forest cover maps at a T1:50, 000 scale
for the 83L map sheet were used. S o ‘ _
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' V.5 show the vegetation cover descriptions and habitat suitability classes assigned by

- Stelfox for this study.'A no-fire or baseline CHS class was assjgned for each

fuel/ vegetation type and that class was assumed to remain constant throughout the

successuonal time frame Thns assumptuon is not quute accurate since mature forests

continue to change over ﬂmdd However for simplicity, the assumption is made. As well

most of the mature successnonal stages were assumeckto have reverted to a baseline
forest and the CHS classes were assngned accordmg té baseline conditions,

The habitat suitability classification system wés set up by Beak Associates (1987)

e}

ina study of the Wapiti map sheet area. One of the ob;ectuves of the study was to

determine the average expected population densi‘ty and range for -each of the four CHS

classes and for each of the ungulate spemes stddled as an estimate of carrying

capacities of CHS classes. The specnes consldered m thus study was moose. Therefore

.CHS classes were ass:gned to the vegetatuon types by.SteI‘fox according to habitat

suitability for moose. Expected population ‘densities for moose were determined in the
Beak report for four ecoregions found within the Wapiti map sheet area namely,

. Subalpine, Boreal Mixedwood, Boreal Foothills and Boreal Uplands. For th'e purposes of
thns study, the carrymg capacities for the three Boreal ecoreg|ons were combined. The
Boreal regtons were combmed to obtain overall Boreal ecoregion carrying capacities
with an average carrying capacuty for each CHS class thus used. The subalpme region did
not contain any of the veggtatlon types used to determune-CHS classes Therefore, the
regnon was not con5|dered ‘Table V.6 shows the carrylng capacmes for moose for each
CHS class for- the three ecoregions and an average of the three reglons The mean
values are considered to be the moose carrying capacities used in the next sectnon on

3

th@ economlc evaluatlon of the fare effects

C Economlc Evaluation

-

oin this 'section, the valuation of bsophysncal fire-effects determmed in the last -

’

sectlon is performed Both consumptnve and non- consumptlve use values of moose are

e

estlmated Non use values option, exnstencewand bequest - are not estimated due to.

-

zck of data however these values would be expected to be srgmfucant for a.

vt

eII known specnes such as moose Methods for determmmg these forms of value are

..(v
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Table V.2:  Vegetation CoVar" Descriptions and CHS Classes for the Pine
Fuel/Vegetation Type

Vegetation Descriptioh ' Current Habitat Suitability Class

FC* - HM/S (c7) ‘ : 3

-low intensity fire / early .
~FC* - RC.(c7)? - S/HM (7} 3 ' .
- -medium intensity .fire / early : . '

RC b7 - HM: 3 o

-high " intensity fire /. aarly Co ' -

FC* - RC ) - HM/S", 3

-medium intensity fire /
intermediate

RC (b) -3
-hlgh mtensWy fire / mtermedlate . .

No-fire; low intenéity/intermediate; and all intensity/mature forgst stages assigned.
a CHS class of 4. ’ -

Vegetation- codes are as follows:

FC = coniferous tree-dominated  forest

HM/S = herb/dwarf shrub- cover with 10-30% shrub cover

RC = ‘coniferous tree-dominated regenerating forest .

S/HM = shrubland with 10-70% herb and/or dwarf shrub cover
HM =" graminoid, forb, and/or dwarf shrub dominated

(b date) = cover type resulting from burn in given year or decade

{c date] = cover type -resulting from clear cut forest‘removal in given year or

decade I .

Superscripts indicate percent of total cover ' ?j“%;_

Codes are summarized from Pedocan Land Evaluation Ltd. (1985) map on ,@%éﬁ

current vegetation cover. : : ' : e ¥
QB.
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~ Table V.3: Vagetatlon Cover Descrlptlons and CHS Classes for the Boreal’
: - Spruce Fuoll\legetatlou Type

X
i

L
smed T

- K

v

Vegatatioi'q Description Cur‘roni Habitat Suitability Class
RC (c6-7 - FMD' - WC! 3 C -
-medium intensity fire /.early :
FC' - RC P - M b3 r
 -medium intensity fire /. g ‘1 i
intermediate M ‘ :
"RC (7p - HM: - 3 . :
-high intensity fire / early ' , ¥
FC* - S/HW* - FMC: 2 "

-hngh intensity fire / mtermedlate
: §

No-flre Iow intensity/all stages; and all ‘intensity/ mature forest stages assngned a.
CHS class of 4. . , ~

———

Vegetation codes are as follows:

FC = coniferous tree- dominated forest

RC = coniferous tree-dominated regenerating forest

WC = coniferous tree-dominated woodland

FMD deciduous  tree~dominated mixed forest (50-80% deciduous)

FMC = coniferous tree-dominated mixed forest (50-80% coniferous)

MM = mixed tree and herb/shrub dominated wetland (20-80% treed)

S/HM = shrubland with 10-70% herb. and/or dwarf shrub cover -

HM =_graminoid. forb, and/or dwarf shrub dominated

(b date) = cover type resulting from burn in given year or decade

{c date) = cover type resultmg from clear cut forest removal in given year or
decade

Superscripts mducate percent of total cover

- Codes are summarized from Pedocan Land Evaluation Ltd. (1985) map on
current vegetation cover. '

B
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Table V.4: Vegetation Cover Descriptions and CHS Classes for the Aspen
Fue!/Vegetation Type ‘

LAY

Vegetation Description ' Current Habitat Suitability Class

FD* - RD! 2
-low intensity fire / intermediate o A

O - SV | 2
-meﬂbm mtensvty fire / early

RD (c7) -. FD3 - FMD! 1
-medium intensity fire /
intermediate

S/HM (c7) - FD* - ST 2
-high intensity fire / early '

FD* - FC! -2
-high intensity fire / intermediate
'y

No-fire; low intensity / early; and all intensity/ mature forest stages assigned . a
CHS class of 3.

Vegetation codes are as follows:

FC = coniferous tree-dominated forest

FD = deciduous tree-dominated forest RD = deciduous tree-dominated
regenerating forest '

WC = coniferous tree-dominated- woodland

FMD = deciduous 'tree-dominated mixed forest (50-80% deciduous)
ST = tall (+ 2m) shrub-dominated

S/HM = shrubland with 10-70% herb and/or dwarf shrub cover

SV = variable (mixed) height shrubs’

(b date) = cover-type resulting from burn. in given year or decade
(c date) = cover type .resulting from clear cut forest removal in given year or
- decade :

Superscripts indicate percent of total cover

Codes are’ summarized from Pedocan Land Evaluation Ltd. (1985) map oh
current vegetation cover. : _ .
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‘ S
Teable V.5: Vegetation Cover Doscflﬂons and CHS Classos for the
Mixedwood Fuel/Vegetation Type ° :

Vegetation Description

Current Habitat Suitability Class

FMD’ - FC?* - S/HM (c7) : 2
-low intensity fire, / early
S/HM (c7-@8¢ - FD' - FMD? i
-medium intensity fire / early '

s FQ7 - RC (b6)? - MT! 2
-medium intensity fire /
intermediate
S/HM C -3
-high intensity fire / early A

RD (b6) - S/HM b6p - RC (b6) ~ 1
- -high intensity fire / intermediate

No-fire; low intensity /intermediate; and all intensity/ mature forest stages assigned

a CHS class of 3.

Y

Vegetation codes are as follows':

FC = coniferous tree- dominated forest

RC = coniferous tree-dominated regenerating forest
FD
-regenerating forest

deciduous tree-dominated forest RD = deciduous tree- dommated

FMD = deciduous tree-dominated  mixed forest (650- 80% decnduous)

MT = tree-dominated wetland (+80% treed)

S/HM =. shrubland with 10-70% herb and/or dwarf shrub cover

(b date) = cover*type resulting from burn in given year or decade .
(c date) = cover type resulting from clear cut forest removal in given year or
decade :

Superscripts indicate percent of total cover

. Codes are summarized from Pedocan {iand Evaluation Ltd.

current vegetation cover.

(1985) map. on
P »
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Moou-‘POpula;loh Densities (# of animals/km? expected by

Table V.6:
Ecoregion for Each Habitat Suitability Class on the Wapiti
Mapshest (83L) -
CHS Class ECOREGION
Boreal Mixedwood Boreal Foothills Boreal Uplands Mean
Mean Range  Mean / Range  Mean Range . (all
) . regions)
1 1.2 1.0-1.3 1.0 _°08-1.2 08 0810 .1.0
2 0.7 0.5-1.0. 0.5 0.3-09 05 0.3-0.8 0.6
0.4 0.2-0.5 0.2 0.1-0.3 0.2 0.1-0.3 0.3
4 _ \ 0.0-0.2 0.1 0.0-0.1 01 0.0-0.1 0.1

0.1

i

Source: Compiled from Appendix 8 of Beak Associates (1987), ’fable 8.2.

;)
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now being developed lBrookshire ot al., 1 3&3). Net vglue change compares no-fire

_ wildlife values to values deternihed for the various fire scenarios to,determine ohanges
in value caused by fire. B )

Wildlife is essentially a non-market resource and as such. values must be derived

, 1hy methods other than those that determine the value of market goods. Chapter IV.1

«+ outfined curreﬂnt metﬁods*hsed_ to derive willingness-to-pay (WTP) estimates. Several data
sources are used to derive WTP measures for moose. The study by A;lamoWicz (1983
involved a hunter survey designed to elicit WfP values for selected big game species in
Alberta.' Data were collected from from a sample of 500 resident and"non-resident
hunters with a final useable sample‘&{ 265 questionnaires. Quéstions were designed to
elicit biographical. inf‘ormatioh,ithntingﬁ a}éltigity, gconomic information, guide use and
general resourcg,use y{'JThe.stud"yJ '-‘reg:ig\ ‘was the Eastern Slopes of Alberta involving
portnons of Blg Game Zones 5 14 Techmques used to derive non-market benefit

: estnmams for wﬂdllfe \iEre thg dlrect questlonnmg method, hedonic prlce model,
household productlon fUthIQI:: approach and a "travel cost model. Of particular use to
this study are the results of the dlrect questlonnung portlonl of the survey. Two -

questlons were asked ?egardnhg thb valye bf huntlng These were:

1. "What are you w:llmg“to pay over and above aII other costs for-a day of big game
huntmg in, Alberta‘7' ' A "\ . e
. ‘! e ‘\ l‘ i
2. "How much would Wou have to. be pald not to; hunt big game in Alberta for one
)’ ’ ."C g“‘ .4577 ~,
year?” P Py RO

v

The first questlon der;ved WTP va’lue ‘and the second deruved WTAC. A WTP value of
1
' $72.00 per hunter day fer moose was deteﬁmmed from the survey. With a total. of

626,750 hunter- day§ ln 1981 (54 000 hunters X 11.50 “days per hunter) the total value
of moose in 1981 amounted to over 545 million ($72.00 X 626.750). The figure is

k&

substantial, however for the determlnatlon of value changes due to fire, a dollar value
per moose must be determmed The following procedure was used to derive the value

of a moose
. ' -

v -

. Value/moose harvested = (days/hunter)(WT P/day)/ succegs rate

- N
N
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The’ success. rate used was 15 per’cent Moose huntlr&\g success rates reported inthe . -
llterature ranged ffom \15 percenﬁto 33 percent However a rate of 15 perce;;? was
consudered to be approprlate |n ‘this study and is consistent with a recent study by .
Forestry Lands and Wlldhfe #1986) .involving results of the 1985 huntlng §urvey for
Alberta Lucense fees for permlts tc Hunt game are\‘art of hunter WTP and, thus are
added to WTP values for moose. Hunters purchase varying combmatlons of Ilcenses and
permlts dependmg on what they hunt. A general fee of 334 .00 per resndent hunter IS
used in thls study basedr' on methods used in Phllllps and Asafu-Adjaye (1987) Flesndent
huntlng fees were compnsed of a wnldllfe certuflcate of S 1 l£0 wtuch all hunters must

purchase a big gams fee of $ 15 00 ané a bnrd game and waterfowl hcense fee of"
AN

RN 58 00 for a total of 534 00 Total W'FF’ therefore was $72 00 mdie\d:ilsse

;w

dollars as.$91.00, p}us $34 OO to glve 5125 ’00 Value per moose harvested therefore
equaled 1. 5 days/hunter multlphed by $125. 00/ day and di vnded by 0.15 to glve

39 583 The harvestable proportlon is the maxnmum percentage of ammals that can be

harvested, from the populatlon in any year to prevent deterloratnon of fhe populatlon A’ e

ki

flgure of 25 percent was. reported ih Ph*lllps et al. (1978) The consumptlve value per-

e$9 583 X: 25 or. 52, 396 in 1986 dollars

moose was therefore determmed g ‘
1 Ihe non consumptlve value\ , ’Wlldllfe and speeuflcally moose was dlfflcdlt to

denve A major study oh the value of W|ldI|fe to Canadlans (Flllon et al,, 1985) o

determmed the total consumptlve and non-consumptlve values of wﬂdflfe through an |

extensnve survey of Canadlan wuldhfe attltudes and wnldhfe related actlvmes
8

Non consumptlve total net value of all’ w:ldllfe in Alberta was reported as 353 8

. mnllnon’ To determme thé moose proportlon of the total vsAldhfe flgure the study by

Y

\

Sp

~e

Phllhps et al.’ (1978) was used The survey performed m the study revealed that the

-

contrnbutlon of total wuldllfe valu.e by moose was l 1.25 pe?’cant Slnc‘b no other flgures L

' of thrs nature were found in the I|terature fhls flgure was used to determlne total

' non~consumpt|ve moose beneflts as 553 8 mulhon X11. 25 pergent or- $6 05 mulhon ih

l

"-’»-\. SR : : :
7Nonr-consumptlve wildlife  yse . value pg[\person per day in Alberta wasl t ’\v )
“determined, by -Phillips : and- Asafu-Adjaye (1987) .from the "tgtal wrldllfe ‘value -

flgures reported in- Filion. . _Non-consumptive use value-was ound to be? $209. 83

- per. ‘participant per.’ season with an_avérage of 20.1 -days - er year ‘spent to
guve 510, 44/person/day 'in 1986 dollars A dlfferent appr ach ‘was “taken.in

- this study where va;gl’oéc’hanges on» an . area basls l'ather than on a!per day
basns were- dernled ‘ . Sy L A

o
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total non-consumptlve moose benefnts The estlmated populatlon of moose in Alberta
was reported in Adamowucz (1983) to be apprommat 250 000 ammals r

Non consumptlve use value per moose was therefore estlmated to be $6.05 "
nflllon/250 000 or $24/moose in 1981 dollars mdexed to $31/moase in 1986 '
‘dollars. Total consumptlve and noh- consumptlve use value per moose was determmed to
be $2, 427 per moose in 1986 doflars. | 4 :

l:

lNet Value ChangeDetermmatlon - . oot , .' DR S g

The. carrymg capacmes determuned in'the flre effects section and the dollar value

- of an animal can now be combmed to glve the, value per square, knlometre of a moose.
The figures are deterrnlr;ed as follows.. : A.:j B ‘
R A - b
CHSeClass. $/Moose . Animals/Km? s Value/Kmt -

| s2427 -

s2427 T U x " g, 06 '. Fee . .51886
©§2427 x; ' Vﬁa‘ . e;ﬁk - 728, ﬁ,f
| ;4‘2427‘-'7 - x | .‘O.l. | h/\\/ 5243, '

-_—

A T )
$2427: X .10

pwW N

) The)ppesent value of the stream of beneflts derlved from rhoose was determmed
to account for the receipt of beneflts at future tjmes followmg fnre Present value LY
calculatuons ‘nnvolve dlscountlng beneflts usmg a selected tume perlod Several dlscount ' e
'rates were used 3,5 and 7 percent to assess ,sfnsutuvuty of results to dlscount rate. As o

'dnscussad in Chaptgr- , SO jal discount rates of 5 7 percent are approprnate for publlc C g,

mvestm ts'such s fire mankg ement A 3 percent discount rate was mcfuded in the

v

& .
~sensutlvn’ty analysrs -ture values. mvolved wuth lower dlscount

'y

vrates The tlme penods descrlbed in; the successlon patterns were early mtermedlate .
* and mature. Tecnnnca'lv the SUccessm’hal stage descnbed by the three’ tlme perlods vary <

.‘dependlng on the forest type An mterrﬁedlate stage in an aspen forest for example R

.,\
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may oceur somewhat earlier than in a pme forest Averagé’;tme penods were selacted
for use in the present value calculatlons for sumplncuty Early was deslgnated as t=15
years, mtermmate as t= 30 years and t= 60 years as mature Using these specific time
perlod‘s allows for the comparlson of present values between the different forest
stypes. Present values were calcul?ﬁd on the basus “of value per sqﬂare k;lometre |n|t|ally
This startung point allowed the reséarcher to multlply benefits by the arga belng
o - consndered although as the area becomes Iarger the specific nature of the carrylng
| ( capamty and :/alue flgures. cause a decreaSe in accuracy In larger areas, hab:tat can be
hlgh‘ly variable and a singli2 carrymg capacnty may no. longer apply Generalizations over
Iarge areas, thus, will likely be less accurate than in a smaller area in terms of carrying
¢ capacities and subsequent wnldtn‘e values. .' ‘ : .
Present values for each vegetatlgn type time span flre mtensuty and dlscount

;rate are presented in Appendlx F. Net value change was dernved by takmg t% difference

L

presented tn tables V 7 to V.10 for each vegetatlon type.

. / ° . 1 : L
. - . . .

Cot

D Tlmber Evaluatlon
: Tnmber val were determmed as a comparlson to wildlife values:. The :
cono‘eptual model veloped for non market resource valuatnon was used as well for the

timber. component Flre behavnor w idered to be the- same as that for wildlife; that '

between the with-fife present values and'those of the wnthout fire situations. Results are

s, fire mtenslty was grouped lnto three categorles low medlum and hlgh Flre effects /

on tnmber are also variable as noted prevoously For snmpl:c:ty flre effects on tumber

‘ R

‘ were consndered to be of three-ty:e:)These were no damage or Ioss of tlmber from .

N

low mten sity fires, 50 percent mortality of“timber from meduEim lntenssty flres and 100
_percent mortallty resultmg from high mtenslty fnres Salvage of partlally‘”burned tlmber IS ‘
often practlce&f although salvage was not consndered in this case study A more hughly

' developed model of economlc effects would need to include salvage valu{s ' __

"The denvatlon of tlmber value was accomphshed m a manner similar to that forv
wnldlufe where productrv:ty of tlmber was measured as harvest volume per square. -
kllometre Harvest volumes were provnded by the Timber, Management Branch of the

." Alberta Forest Servnce (Wrangler, 1987) for several forest management unlts (FMU s)in

QN

¢
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Table V.7: © Net Value Change ($) in Wildlife for the Boreal Spruce,
Vegetation ,Type )

v o v

& :
Discount Rate Fire Intensity ' . Time ‘Since “Fire {years)’
: 15 . 730 60 .

T Low 0.0 . 00 . 00
r=3% ° . MEDUM ¢ 3113 199.8 00,

HIGH . - 3113 . 4997 00
e . : Lo ) :‘ .

wow 6o 00 0.0

r=5% # MEDIUM 2333~ -, 1122 . . 00 L
Lo HGH o 23y 2807, 00
. . N ¥ 'y " i' ' -

0.0 0.0

oW
=7% - . MEDIUM 637 - 00 .

HIGH 189.4 - 0.0
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Table V.8:

T4

] N

Net Value Change in Wildlife for the Pine Vegetation Type

Discount Rate . Fire Intensity*

Time Since. Fird (yeaujé')

\ 15 30 . . 60
oW T311.3 00 0.0
r=3% MEDIUM 311.3 199,8 0.0
HIGH »‘%a“ | 311.3 199.8 0.0
B U Y s
: ¢ S i A S :
. oy - LOW . . 233.1 o.o_.T 0.0
’ Lo e . v ¢ T " ) ,
r=5% .~WIQM’ W% 233 112.2 0.0
"WhIGH e 2331 112.2 - 0.0
LOW - 129%,. 0.0 0.0
MEDIUM \17.5.5” T 837 t o 0.0
. : HIGH 178.8 - 83,7 W .00
= v oy . |‘\ = ;\\ ‘ f
e :
Y] \‘
Lo
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Ta‘blev V.9: Net Value -C;iange in Wlldlif'e“f-or thlé Aspen" Vegitltlon 'Ii"Ype.
Discount Rate .Fire Intensity ‘ ; Time Since Fire (years)
. | 15‘é ©o30 .. 60
LOW 3 0.0 2939 0.0
r=3%  MEDIUM  467.3. 6999 '
HIGH 673" 2009 )
LOW . K3 3 1685
r=5% ‘ ¢ MEDIUM ‘ & “
| o HIGH. o
| . oW
r=7% . : M{EbI.UM
Y Y
- ! g -
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Table V.10:° Net Value Change in Wildlife for the Mixedwood Vegetation

-
o
N . v
w it m .
w® "
“ ‘ N 3 "N ‘
e f T

Discount Rate "'Fir‘e Intensity . o ~Time Since Fire (years) .

oW’ 4673 ; . 0.0 | 0.0

r=3% - ' MEDUM - 10905 , 2998 00
HEH T 0.0 ©,899.9 : 0.0

£y L

. ow . . 3502 00 %L 00
R ,-" : ' ) S ) o ) & '{q“ .
C rss% -, MEDIUM 8173 1685 ,& © 0.0

. 1 . ‘I ' -
HIGH C 0.0 . ,393}1 L @ 0.0

N A ) | .
| ow 2639 |, 0.0 0.0 -
=7% - MEDIUM 615.8 - 9.8 007
. . . X ‘ ) .“‘ : E . .“ . . : . v ’.‘u
D . HIGH | b 0.0 223:2 . 0.0 3

—% ‘ — ” =
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the Grande Prairie forest where the Wapntu ‘block is located. Annual allowable cut (AAC)

flgures were used as volume estlmates as’ opposed to total timber volumes s i o

_ *AC portion of the total provides 'the allowabla economlc benefit. Volumes wera ~ ’\ ’
reported for conlferous and demduous foreste wuthout breaking the volumes down by
specnes The assumptlon was made that decnduous volu'wes would represent aspem

& . et

- f’_ d balsam pqplar are also |lkely a portlon of the total. The value

A

o pen square*k“llometre denved from these flgures is assumed to be the same for bgth
’ “ spl'uce 'and pme §lméh‘ﬁ$§’amon is not. completely accurate. Wrangler reported
A&c tsgures for coml’ers i the'G1, G3, G4, G5, G6 and G7 FMU sof o |
: 1 289 897mi/ 1, 394 047ha or 92.51m*/kms, Decvduous AACJn the same FMU's. l‘S o
1.544,703nf/ 1, 394,047ha to'give 1.10. 81ms/km?. R R e
Tlmber value was detérrﬁmed from l’hllhps et al. (1‘5) ‘as conversion return

Al

)

value The aﬁtors reported estimated values per cubic metre of harvest volume, by
revenue and cost levels?. Usmg the medu.*revenue level and medium cost r‘evel for a

onv*n return value &f $7. 50/m? is derlvgd which is '
mdexed to 1986 dollars giving $

" haul distance of 100 km, §
P 0/m?3. Multiplying that value by the volume estnmate
S s PYing
gwes a value estnmate for coniferous timber of $721.568/km*. Value for decnduous
ﬂ'nber was derlved’ from prlce estlmates provided by Pellcan Mills &f Hinton: Pellcan
) pays § 16 45 to $21. 00/tonne for asgen dependmg on haul dlstahce A mldpomt .

‘icie of s 19. Oogonne was USed Convertmg tonnes. to CUblC metres gives a value of -

-,

* $6.65/m3 : Value of decuduous tlmber was therefore determined to be $6. 65/m3

¥,
! 110 81m>/km? or $736.89/km.

C Lo - g ' o .
AW
N L. nr

The determlnatlon of net value change (NVC) for tlmber resulting from frre is

ve

‘; - compllcated by the’.coﬁtmuous growth characterlstrcs of tlmber Fire does not destroy
L timber value but only d&s the accrual of bgnefits. The value of timber at growth
_stages-too, early for harvest is not zero - benefits are recsived st a f.nure harvest date.
‘ Determlmng( tlze effects of ftre on trmber value therefore involves determlmng timber

value in a no-fire situation co_mpared with the value resulting from delaym_g harvest‘fUr

3

7.
'see Table IX. 1 in Phillips ‘ot 3.(1985) ' '
’U.S. Forest Products Laboratory ‘Wood Handbook (1974) reports a specnflo
gravity for aspen“of 0.35. Husch, Miller and Beers (1982) outline a procedure
‘for converting tonnes -to cubic metres. A conversion factor of 0.35tonne/m?*
for aspen was . determmed th@refore $ 19/tonng’ converts to $6. 65/rn’
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60 W‘ars,‘the time needed for feqrowth of the forest. Although this is a simplified
method for determining value changes in timber, the main purpose of the study is to
derive a rnethod*forj eliciting.non-market values. More explicit valuation methods for
timber"would be app_ropriate in stl‘Jdies primarily concerned w'ith timber.

| Drscount rates (r) used a&w s;a'r:ne af for the wildlife.section; 3, 5 and. 7 ©
percent. Time since fire dlffers ever, |n,that no fire'and 60+ years follow|ng fire *

form the basis for tnmung of benefgs rQbelvbd No values are recorded for 15 and 30

P

* years followrng hvgh mtensnty furg .
e
recelved untul ‘Qarmw 80 years“’ Values meadwood foresés were taken to be
i
Hﬁ%f the comferous value plusr 5(‘” the deciduous value. Present values for timber

are presented .in Appendux G. Ne

types are presented in Tables V‘ 4 - 13. © T a ?

SR | . w - ‘ r. X,LQ\.

E Interpretation of Results ; ' ‘ L
' Results of W’"d“q value’ c:hanges due to flre show some obvious trends in ‘i

sltuat?ons net vald'enémalﬁiare ’zero or positive mdncatmg benefits rather than costs of
X

fire to wnglufe Values.'%‘ ) n.fnd mrxedwood vegetatlon/ fuel types are higher.
than those of the conif \s types,é«gw in the no-fire sltuatlons This would be
expected due to the presence bme,ferred vegetatlon species for moose in decrduous
and mixedwood forests Habrtat suotabrldy‘?s acombnnatlon of food and cover. Tﬁus _
. some of the comfereus“dommated fofest stands may have Iow food value wrth hagher

. cover.value 'which would contribute to an overall higher Swtabrlrty class than mlght be

<

expected ‘on the, basis of food ,\value alone - ¢

Fnre mtensrty affected net value change less in comferous forests than in"°

' mnxedwood or aspen forests. For spruce, low intensity fires did not result in any change

in value compared with no- fare°stands Medium and hlgh mtensrty fires restilted in the
same NVC after 15 years After 30 years, hlgh intensity fires resulted in the greatest -

NVC due to an 1mprovement in habrtat that was likely due to the increase. in decnduéus

' shrubs that were present in the pre-fire forest. Pine forests showed shghtly drfierent

r . : .
» \
- M . i » i

‘°C K’rﬁferogs forests are- harvestable at 80+ years’ however 60 years 15 used

onsnstency with the wuldhfe sect?on

' aﬁrest has tnmber value althOugh benefits are not

hange figures for tnmber in the four vegetation

-\
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Table V.11: Net Value Change in Timber for the Coniferous Végdtatlon
o " Types :

Discount Rate  Fire ‘Infensity ‘ e Timg Since Fire (years)

LOW .00 0.0 0.0
i

ﬁt r=3% . ) " MEDIUM * -231.6 ‘ . -148.6 f 0.0‘.
" HIGR . -4632 ° . -297.3 8.0

4. —

ST LOW ~ 00 0.0 , 0.0

r=5% ,MEDIUM  ~ ~ -1736 -83.5 0.0

MIGH 8471 -166.9 0.0

LOW. . - 0.0 0.0 0.0
=% /\AMEDIUM = -1308 -474 .0 00

HIGH' - -2615 . -948 - 0.0

- 4

4L
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" Table V.12: Net Vélue Change in Timber for the Aspen Vageti.tion Type

4.

: A
Discount .Rate Firé, Intensity A Time. Siﬁce Fire (years)
~ ; 15 os 30 60
LOW 0,0 0.0 " 0.0
r=3% MEDIUM -236.5 -151.8 0.0
,“’* HIGH -4730 .  -303.6 0.0
W o T 00,
Loy, - MEDIUM «177.2 -85.3
s T oA -354.5 -170.5
LOV_V; 6.0 ~ 0.0
r=7% MEBIUM "1335 | 484
i . “ 3"5? - .
HIGH * -267.1 -96.8 0.0
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Table V.1'3: Net Value Change in Timber for the Mixedwood \_Iog.tatlon

Type
Dis@t Rate Fire Intensity ) Time Since Fire (years) ‘
15 30 6«
) ., .
TOW ' 0.0 0.0 0.0
3% MEDIUM 2380 -150.2 | 0.0
| HGH N aes -300.4 0.0
_. Low - 0.0 , 0.00 00
r=5% MEDIUM 1754 -84.4 0.0
HIGH -350.8 .. -168.7 0.0
LOW 50 o 00 0.0
r=7% MEDIUM Cam2 0 -a7.8 ) 0.0
HIGH -264.3  -g5.8 oo



trends in value due to flre lntensuty After 15 years, NVC was the same for all fire
T intensities. Furé in pine stands geherally resuits in revegeta\lbn to plne wrth little
deciduous mvaslon occurring. Habitat sultabrllty ,therefore, remains about the same
. regardles,s of fire intensity. Although it was not the case in this study, habitat suitability
mnght actually declme with fire as the valuable cover componént of the habitat is lost.
After 30 years, there is a zero NVC between no-fire and low intensity fire as the forest
has nearly completely recovered frqm any fire damage. Net value changes resulting from
" medium and high intensity fires are thﬁ s\ame Whnle the degree of damage may differ,
vegetation regr0wth after 30 years results malnly ln pme trees with little shrub growth.
Forests of srmllar habitat SUlsabllltyaclaSs are produced. Aspen forests show no NVC
between ﬂno -fire and low intensigtjre snuatlons At low |ntenslty there is little effect on
* vegetatron after 15 years Aftera'b years aspen suckering induced by fire results in an
-3 mcrease in- habrtat class ang therefOre a positive NVC over the no- flre scenario. Medlum
- _‘-“ nd high intensity fires result in tHe same NVC after 15 years. However, afﬁer 30 years,
medium m<tens:ty flres dee the greatqﬁ NVC over no-fire forests wherguthe
combination of matureﬂand regrowing aspen -and shrubs provide the most swtable
habitat. Mixedwood forests, conversely, have a posntlve ve for low intensity fires
after 15 years due probably to thd*‘mmation of suckering in aspen and other shrUbs |
that provide a fbod source. Matute tumber remains t[\dnsturbed prowging the: necessary
" cover yortlon of habitat. A zero NVC results after 30 years for low. intensity fires.
indicating a retum_to_pl:em:e»habltat Medium intensity fires resultin the greatest NVC
after 15 years High lntensrty fires cause the greatest change in value after 30 years

gﬁpenﬁ%nng lnduced by medium intensity flres within. the first 15 years was

responsuble for,sthe lmproved habitat class andposltlve NVC The h!bltat rmprovement

reSultIngul,n 3lower NVC, A, hlgh'lr;tehs;fy ,flre qaused more
. N 4

L‘vements in’habitat were gelay& untsl*ﬂng'forest recovered thus

’ﬂ’b%nefrts we;e receivéd after' 30 years. “& B "-

‘ The cl"toice of- dlscount rate affects value and the resultlng value changes. As
expected l&wer discount rates resulted in hlgher values and greater net value changes

w All values determlned were stlll posntrve regardless of the discount rate used and only

$
Do, the magnitude of benefrtsswas affected by the disgount rate.

L3

- . -
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51" . All of the forest types were assumed to révert to their pre-fire habitat suitability

e

élas;"aft‘er 60 years therefore NVC after 60 years was zero for all fire intdnfities. This
was a Iirniting assumotlon since many.factors account for succession in a forest. Sixty
years is actually a short time for recovery from fire to occur, esoecmlly in coniferous
forests. Since the intention of the case study was to show rdative changes in habitat
and consequent net value changes for moose, the use of 60 years as the end point was
considered to be reasonable In most cases, the results showed that value peaked at 15
years after fire and then declined slowly.‘Thus is consistent with findings in the literature
which indicate that the greatest habitat value for moose occurs within the first 15-20
years following a disturbance and then declines as browse species'grow too high for :
the anlmals (Nietfeld et al., 1985; Fuhr, 1983). In addition, thé aSSumption was made that
a forest with no fire will remain‘ at the same habitat class over the span of 60 years
used in thisgstudy. More likely, the forest will conbnue to change over time. even if it is
‘mature. This factor was not included in the analysis however.
The analysis does not include situations in which there are frequent fires that
prevent succession from continuing to a mature forest. Veagetation in these instances,
~ may be burned every 30 or 52 years and remain hlghly sustable as moose habntat
Benefits for.moose would be high since the habitat suitability class would rémain
elevated Net value change, however, would be minimal since the habitat would remain at
a more or less constant Ieve\lof’smtablluty k 8 /
_ There was no mention made in these results of thq'effects of fire size. Results
| swere reported as NVC’m dollars per square kllometre ‘Flre size would affect these
) results ln several ways. Smaller fires would have a more local effect and a large #

+

permanent increase in moose populatlons w0uld not be expected Large fires,. on the
other hand could result in permanent moreases Jn moose opulatlons eSpeCla“y |f flres
Ly P .

' occurred at f*req’”ent bervals g less than 60 years The loss of cover would be a

problem with large fn%s\u?\élss thdre were unburn_ed |slands remaining after the fire

v

" (Eberhart, 1986).

Anocther point to note concerns the possibility of a real change in the value of

+

" ‘moose over time. One would expect that as moose populations become more scarce as

habitat declines, the actual value of a moose would increase. The same may be,s\aid of

»
k B
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~.any. resource where mc;reasmg scarelty tends to lead to mcreased value Substltution»ef B

one specles'for another does oceur, hcpvvever there is some value assocuated wuth

—— Y

i mdeual specnes There may be real mcreases over the next 30 yea.rs in wuldhfe or

' '-._.be hlgher than demduous tumber value lqowever in this sutuatnon values were.similar.

- ot\Er resource values ReSuLts of a study such as thls would be altered by value Ve
lncreases However predlctlons of changes in. value w1thout substantlatuon by new
studles, are subjectlve Values.may mcrease or decrease over tlme and the degree\of :

- LI

cﬁange is uhpredlctable \ S . SRR S

_ Fmdmgs of the tlmber evaluation show zero or negatnve net value changes ‘\ .
mdlcatmg detrlmental effects of fire on timber as expected High lntensny fll’BS result in

‘ ‘thg,greatest damage vyhue Io\v'Vlntensny fires show no value change over~ no flre '
sntuatlons No real damage |s done to ?lmber by, low ll’\tGl’lSlty flres and ‘there may be = o
) »some beneflts derlved through partlal clearmg of underbrdsh allowmg easjer Ioggmg As
‘wnth—the wuldhfe valuatlon foresfs may revert to. the:r pre- flre states after 60 years )
dependmg on stand age at the time-of dlsturbance Most of the damage. is felt in the -

flrst few years following f|re wnth net value cha\ges gradually decl’easmg over time

mdlcatmg the greater value of more mature timber. Net valuef changes for all forest

' vtypes were nearly |dent|cal in all cases g‘:omferous timber value would be expected to E -

Factors such as haul dlstance dlfferences in allowable cuts and growth in value and use’

of dec:duous wood may aIl contrlbute to the snm;lanty in values and net value changes ) A
leferences between w:ldllfg and tlmber values wi 1"hur) the forest. types are

noteworthy Results showed hlgher posmve\effects of fire on Wl|d|lf8 in aspen and

' .m|xedwood forests than in comferous forests and substantlal negatlve effects of. flre

‘on tlmber |n‘eomferous as well as dec1duous and mixedwood forests. Where flre _ -

caused the greatest decrease in tlmber value high mtensuty fires after 15 years, it also

had the least benefit for wnldlrfe Fire mduced beneflts for wnldhfe were greatestam )

~ aspen and mlxedwood forests. S ’ . .

: .. The analysrs mcluded only the value of. moose recogmzmg that there are othe?

| wuldhfe spemes that would also contrnbute to the total value of wﬂdhfe Benpflts of fnre -

' ‘to moose in terms of NVC%were of the same order of magmtudel as losses of timber

“value although generally beneflts exceeded Iosses Moose are often more hlghly valued



- than other wtldllfe specues The addutlon of beneflts frorn other*&eoles would make the

- dlfferences between tlmber and wildlife values even hlgher However, slhce some

4

wnldllfe specnes such as’ woodland carlbou de.pend -on mature forests, the |nclu5|on of

- . '

value changes from those specws might narrow’ the gap between tnrnber and wuldllfe

values As well Wl|d|lfe is only one aspect of non-market value. Va)ﬁe changes in other )

_ ‘non-marl‘cet forest uses will mfluence the net effect of forest flre B

’ These results mdlcate some lnterestlng lmpllcatlons for flre managers who work
wnthm forests wnth multlple uses, Although there were numero/us srmphfylng \ v
assumptlons made in the case study, from ai@ control pount of vu\ew tlmber and '
wildlifg usg‘ s ‘are not always in. confhct and may be complementary in some sm.latlo/ns

Fire control afforts coUld be concentrated ih areas that WOuId experlence the greatest

kY

b

,neg)atnye‘( value change consndermg not only tlmber \/alues but other forest values as

‘r
,1\

well. ;

R The case study mvolved a method for evaluatlng the effects.of fire on

non- market forest values and compared-the result’s to timier val%/es This exercise is *
only part of the whole net value change method’ of determlmng Optumum fire control

v effort levels. Flre con’l theory as outlined ln Ghapter lll can now be reexammed Net

. value change was. used |n the resource evaluatuons as the change in value mduced by a

fnre compared- to a no- f:re sutuatlon The term net value change is more accurately used

— inthe optlmlzatuon process where NVC |s the- dlfference between fire mduced losses

R4

'and benefits. I the’ case study thus wc%j\ be the dlfference between the beneflts to

) wuldhfe and the losses to tlmber whlch mostly resulted in a posmve NVC A maore
complete analysns would mclude a]l measwed forest values. | |

| The cost portlon of the optlmnzatlon process has been omltted in tﬂs analysns

~ Costs are defmed as preventldn detectlon suppressnon and pre suppressmn

"expendltures In order to m}numnze fire control expendltures/ control efforts in terms of

, suppresslon and presuppresglon need to be ‘mnmmlzed Tlmber values are commonly the

~only resource values consudered and slnce flre mduces a. negatlve NVC- for timber «a hlgh,

degree of flre control effort is usually desnred The. problem lles in trylng to mlnlmlze
- costs whlle maxumlzmg costly effort. lncludmg benefuts due to fure changes the

y optlmlzatlon p|cture A decreased fire control effort level and thus decreased costs can

Lo

i

L]



fire can more effncuent declsnons be made on the allocatlon of flre control effort

\
result, from the lnolusnon of benefuts. Only by knowmg the real net value changes due to

N ‘ . . » -
Al .
;A

Summary IS v . ST

.

3 This case Q.ldy was performed to use the methods developed |n Chapter 4 to’

, deruve values for wildlife for use |n the overall flre management demsnon pRocess.

between timber mterests and moose, at lsast, may | be minimal. Fire control ln comferous

| satlsfactory ‘and could be used na fire management decision processes A.more

Results mdlcated substantlal posvtlve changes in value fol' moose as a resul f fnre

especrally in aspen and mlxedwood forests. On the contrary, there were substantral &

. negat alug changes m timber due to fire: . Indications ars,. that confllcts in forest use 4"
.

%

~forests can protect timber values whlle\burns in comferous forests have a llmnted

posltlve effect on moose values compared with burns in aspen or muxedwood forests

Burns in decnduous forests adversely affect timber values to a simitar extent as in

: comferous forests, but beneflt wuldllfe conslderably

.

|n general the methods used to denve values in the case study represent an initial

~

attempt to_determine fire effects on non- tnmber values Results obtameerere

@’ *é .
comprehensnve study involving fire expenditure. data would help fire managers make T
decuswns on leveis of control effort. Every fire is unlque as are the forest resources

affected Therefore no rules &an be establlshed regardlng the variables to include in the

: \
analysis of each fire. Each situation must be ‘examlned and decisions made.on the relative

values of resources affected. There is no .doubt, however, that there are significant
forest values other than timber and by’ excluding possible benefits of fire from fire
management decnsuon processes, there may be- excesslve lavels of effort and

\

expendlture on the control of some ﬂ?es o | ' ' R

ot . . R
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N lfhe purposé. of this theels was to develop a method for the chrporatlon of

VI Summery and Concluelons s

N

non-market values into a framework for fire management decision maklng processes -

\

- Several ob ;ect‘lves wer@entnfled pursuant to this purpose. These were to review the

Ilterature on noq—market beneﬂ) valuation techniques that were theoretucally acceptable

&

“and useful in fife evaluatlon procedures, and to revnew approaches almed at using

results from the appllcatlon of these technlques m evaluating non-market net beneflts of

- fire control. From these reviews, a suutable approach was chosen for this study Data :

sources and defncrencles were to be |dent|f|ed durmg the course of the study
| Tt:e‘method chosen for non m@rket beneflt valuatlon lnvolved the determination
of net Value\change ih- resource values due to flre This marginat approach aIl0wed the:
determmatlon of relative value changes Absolute resource values are, difficult to
}eesure since’they depend as described in- Chapter I, en the circumstances of the
evaluator A conceptual model was derlved from the literature that |llustr‘a’t'ed the’ entlre

process of the economic evaluation of fire. Flgure IV 1 showed a conceptual model forr

, . fire management decnslon strategles The process is mteractnve vyuth management

' »decnslons |r€|uencmg the three parts of the model; the flre behavior, fire effects and-

economlc evaluation components Information derlved from the three part model in turn

mfluences fire management decisions. Fire dontrol activities affect both fire behavnor .

a)ﬁ;i}e efiects and s of those activities are part of the econdmic evaluatnon as

sh in Figure IV 1 A case study was used to |Ilustrate the, use of the. model An area .

\4

v,

3

of the Grande Prairie forest, namely the Wapltl map sheet area (83L), was chosen due to

data avanlabnhty Each component of the model was consndered separately ‘Firg behavnor

. was researched in detail and output fl\ ,.,the component ‘was slmplufled.by ‘focusmg on

d
3t 7‘

fire |ntensnty mformatnon That meﬁMvwes then used in the determlnatlon of

, ,blophyslcal fire effects on non- market resouu’cas Output f;-om the fire eff’ cts module

~time. -

was used in the economlc e\/aluatlon module to denve the final net value changes d_ue__ to

{ ' : .
fire. Timber value changes were sumllarly derived and compared with non-market value

changes. Present values were calculated to compare value changes that occurred over .

’
o+’

¢



" Thé results showed some mterestlng trends. even though thelr deravaﬁon involved , .
séveral Ilmltlng assumptlons Wlldllfe values, speclflcally those of moose, were derived , !
to ;Ilustrdﬁ use of non-mar valuatlon methods. There were. dlfflcultles mvolved in the‘ |
fire effects component Fire is extremely varlable as are its effects on wnldllfev

Therefore simplifying assumptlons were made m some-places to derlve reasonable fire

effects output. Flre behavior models are fairly well developed. However lt was b‘eyond w

" the scope of this study to actually mbdel a series of fires. |f1stead specufnc mtensmes ( A
were chosen and the effects of those mtensltles were evaluated For wnldhfe flre g
effects on habitat requnred evaluatlon Successnoh follownng fire was found to be qunte

. varlable and agaln aspecrflc successional patterns werk_‘osen whnch may or may not
occur after fire. Many factors affect success.lon followmg fure and although blologlcal
n‘lodels have been developed for: ;analyzing successnonal trends _use of a model: ohthfsg

. type was not part of this study. Instead, the determmatlon of wnldlnfe populatlon changes
from succdssuohal patterns involved rgliance on expert’ opinion of scuentlsts from‘the ‘
Alberta Fish and Wildlife Division. Potdntnal carrylng capacntues for moose were
determmed rather tl& actual populatlons which are. influenced by many exogenous A
factors. Net value changes were determmed by comparing post-fire values to pre- flre '

. values. The results showed that net value changés for wildlife. were zero or positive
indicating beneflts to the resource from varying levels of fire mtensnty Tnmber values,
conversely, were all zero or negative indicating a detrlmental effect of fure on the
timber values as would be expected The greatest increases in values, for moose-were

. :found in the aspen. and mlxedwood forest types. Both tlmber and wnldllfe value changes

. were of slmular orders of magmtude as measured in value per ﬁuare kllometre to .

; ]
'h

A Conclusnons _
In general the ‘t:onceptual model used and the net value change concept used in
this study was acceptable Few problems were found with the economic evaluatuon ‘
portlon of the study The blophy5|cal analysls was responSlble for most of the -technlcal
problems encountered in trymg to derlve ner'value changes Data deﬁcuencves were -
‘ outlined and sources of avallable data were ldeﬁtlfled Costs of flre cont' ol and costs of
develop_mg and maintaining timber.and wildlife resources were not considered in thls/ ",

. - t‘ ) . <

& . ’ -
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.study Technlcally, net present values ehoulzhze calculated with coete of protecting the
resource subtracted from beneflts gamed The purpose of this study was to..derlve

non-market valus changes due to h(_"wnh no reference to costs.

- There are several major concluslons that can be drawn from the results of thls

| study Probably the most important of these is that non-market values. are slgnlflcantly
affected by fite and the changes in value mduced by flr'e are not necessanly in the same
Jdirection as tlmber values. This study only looked specufucally at moose value changes ’

l Wthh were foungd to be mostly posltlve Other wildlife specnes may not exhibit the same

dlrectlon of change in value or tﬁlgffm; magmtude of change. Furbearers tend to.

. requlre mature forest for habltat'an&mOuld llkely be adversely affected by fire.
Determlmng~value changes for furbearers w.ould be relatively stralghtforward glven the

\' existence of a defined market for m’}n Caribou also rely on mature forests for habntat

'

and negative valu‘e changes due to flre for caribou would be expected Other
non- market values such as wuldllfe vuewmg and photography are affected by fire, .
however the direction of change in value is less predlctable Burned areas may,
howaever, improve wnldhfe»specues dlverSIty ancl numbers resultmg in lmproved wewmg
values. Thus fire affects many forest values beSldes timber and then in a stgmf“‘&ant
~manner Improvements in the. derlvatlon ‘of noh-timber value. changes due tQ flre can o ly
improve the management of forests and forest fire by makmg management practncesa
more economically effncnent At the game ,tlme pubth(zvelfare would be better served

by more efficient flre management.

v -

The second major conclusion from this study.ls that in order to mclude possrbly
slgmfnc)nt non-market values in fire managen‘;ent dec:stons in the prairie provmces
major |mprovements in data are -needed. More work is required %o refine fire models
To date, only.threg of the' fourteen fuel types identified by the Canadlan Forest Servnce
have been modelledﬁn the Flre Behavior Predlctlon System More flre behavnor
information would contrlbute to the ability. to determme valud fire effects lnformatlon .
lmprovements are requnred as well in fire effects determmatlon under pralrle ‘
condltlons The ecoloﬁncal mapping work by Pedocan and the ﬂperm Fish and Wlldllfe
Divislon was invaluable to this study. Their mapping, however only .covers ‘the Wapltf
map sheet srea. That area covers only a portion of the ecological forest 'z'on'es found in_

A



n .' expanded, but the economnc valuatron studies that deal with non- market values requrre

-
-
-

P the- pralrle provinces. More extencuve mapping wo*contnbutc slgnlflcantlv to tho data
base for all three. provnnces There is a.need for moro study in the ar. fnre eﬁglogy -
specific to Borpal forests. More extenswe and long term monitorlng of burns would |

: help to quantify .some of the flre effects mformatnon that was derived from the P e |
||tereture for this study Successnonal sequences and wildlife populatuon dynarmcs due to..

: ﬁre need further study at Ieast to make data more readrly available-for the evaluatnons

W

performed in thls study. Not only does the biophysical fire effects data base need o be

more research specific to the prairie prownces Research in this area was begun in
Manltoba and Saskatchewan in the mid seventles lRoss 1975,,Ross and Paul, 1976;

Capel and Pandey 1973 Capel and Ross 1973 Capel and Teskey 1976) and in Alberta

, in the late s;xtles (Phllllps and Pattison, 1972) Local data are available for some "
non-market values but the -need for more research has been lllustcated in this stuw/ ' T

A Better acceptance and use of non-market vapes in fire management is indicated and as

. mformatlon in thls area beComes more available, its use will hopefully improve.

-~ : ! : " . ‘-. ~, . < : .

y —_
' B. Policy lmpllcatlons . ' _— \\ AR e SRR i
Posntlve value changes resurtlng from f:re ,nggest that in some’ satuatuons fire

| management mlght‘ be best oriented to a controlled burn ycy There may be some

ar'eas within the three provmces where net beneflts all galns fess Iosses due to frre -

) are positive. Obvioubly a great deal of .work still nequ to be done to identify such I
areas. Costs of fire control need to be weighed against net benefits” where there are
Iosses to tlmber and non-market resourbes and gams‘to other neQmar‘;(et resources
_Pnormes -of resource use are estabhshed in some areas that do not necessanly reflect

. measured v and these snﬁ:atlons' need to be accounted for in evaluations. This study'

~ ]

L ultrr&ately shows that fire management is changmg with |mprovements in data and

evaluation technlques and new mfonmatnon needs to be mcorporated to make fire _

B 4
wv

management decnsron prbcesses more economrcally efficient. .-
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Appendix A
.\w\“ M

Fuel Types'Useqkinégye Fire Behavior Prediction System

i
"~

Group Identiffer C . Descriptive Name !
- ’ L C-1 Spruce - L1chen Woodland
- €-2 ~  .Boreal Spruce ‘
o : - C-3 Mature Jack or Lodgepole. Pine
Coniferous C-4 . Immature Jack or Lodgepole Pine
T c-5 - Red and White Pine - : -
- . C-6 Red Pine Plantation - . :
T Y Ponderosa Pine - Douglas-fir
Deciduous S T Leaflgss Aspen )
; d M-1 ~ Boreal Mixedwodd - 1eaf1ess
“T*e?“°° M-2. - Boreal "Mixedwood - summer
Y o S Jack or Lodgepole Pihe Slash . .
Slash -2 Spruce - Balsam Slash

S-3. . ,Coasta1,Ceqar - Hemlock - Doug]as-fir S1ash‘
“Open © 01 Grass |

. 9
. ) .
'
\ | ‘
- .

Source: Adépted from Alexander et al, (1984)
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. Appendix B ) '
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- - . ' . 8
FIRE BEHAVIOR CHARACTERISTICS/SUPPRESSION INTERPRETATIONS
(o (CHART e o
(Upland Jackpine Fuel Type) '
. 30 T .l Ll T \ | T 1 v l 1 ] T . l. | 'l i T “V “ [ 3
4 S . . ST o
. ~ -
25 N i .
INTENSITY RANK ‘
e C . "
e 6 /‘ N .
20 \‘ i
15 _
—
0 Frontal .
~ Fite Intensith
>Lr§' ka/m T
Z ]
:H 000_4 o
2 10
Lﬂ —
2 .
S 000 4
= .
= 000, |
-
H -y
g 5
500 J
. ; 107
O L { L 11 ) 1 I § L.l 1 L J U N B | S .
20 40 60 80 100 120
f BUILDUP INDEX (BUI) . T
' gource: Adapted from Alexander-et al; (1984)
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" Appendix B Cont'd

4

" ' . . b N u o ' Lo
i} Fire Intensity Table with Descripu*:ns of Intensity Ranks

Frontal,

Chart .., . Fire
Rank Intensity
. N (kW/m) -

~.

. Description of
Fire Behavior Cha}acteristicsAand
Fire Supression Interpretations

i

Fire
Weather
Indexl

. (FWI)

s

4

1 <10 .

Smouldefing or. cregeping surface fire.

Firebrands and going fires tend to be

vittually self-extinguishing unless

" high Drought' Code (RC)~ and/or Buildup

Index (BUI) values2 pervail, in which b
casé "éxtensive mop-up is generally '
required.

0-3

2 10-500

- ~

. Low vigqur surface firé ~Direct manual

attack at fire's head or flanks by
fire-ft&hters with hand tools and water

possiblex Constructed fire guard should - -

hold.

g,

3« 500-2000

Moderately vigorous surface fire.

_ Hand-cdnstructed fire guards likely

to be ¢ lenged. Heavy equipment

. (bulldozersy, pumpers, retardant air-

craft, skimme®s, helicopters w/bucket)
generally successful in controllfng
fire.

14-23 -

4 2000-4000

_.Highly vigorous sunﬁiie'flre or

passive crown fire (€Qrching).
Control efforts at fire s head may
fail.

24-28

"S5 4000-8000

Extremély.vigorou§ surface fire or.
active crown fire. Very difficult

to control. Suppression action must (

be restricted to fire's flanks. '
Indirect attack with aerial] ignition

may.be effective.

‘(i.e., helitorch an?gor AID dispenser)

. 29-33
~N + : )

6 > 8000

4

K 7
"Blow-up" or tonflagration" type fire
fun; violent physical behavior probable.
Supression actions -shoudld ‘not be
attempted until burning cogditions.
ameliorate.

1Applicable to mature jack pine stands on level ground)
2DC 300 and/or BUI 40.
Prepared by: Martin E. Alexander,

? CFS-NoFC, Edmonton, Alberta
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Appendix C. ‘ '
\ .
Fire Intensity Effects oﬁ,thg Jackpine Fuels Type
© - — . s g
. - N A\
‘ Frontal Description of
Intensity Fire : Impact' and Direct Effects of Fire on
Rank Intensity. . . Forest Vegetation
' (kW/m) ’ ‘ A
. : o . None to minimal provided there is b _
L L ‘ . - pérsistent ground fire ,activity, (The -
e - subsurface impacts and effects of fire
1, » <10 i are largely dependent on the 'Depth of.

Burn' and woody fuel consumption which
are a function of the Buildup Index
(BUI) or Duff Moisture Code (DMC),
depending on the fuel type. !

Fires are so gentle that the overstory
. . . canopy sustains very little or no
2 10-5G0 - visible damage. However, advanced
: regeneration is generally killed and a
portion or all of the aboveground
component of legser plants are normally
. consumed in the flaming front. ‘

.

- . . I's \ '
3 ~~ 500-2000 ' Fires are vigorous enough to induce stem
: ’ °  bole scarring and some trée mortality.

P

\

4 '2000-4000 " Fires are sufficiently intense enough to
R cause complete tree mor;alif&

S : Represents a level of fire intensity
5 4000-8000 that very little of the Canadian forest
" could survive. ~ .

6 >8000 ) éame'as Intensity Rank 5.

Prepared by: Martin E. Alexadaer,
: CFS-NoFC, Edmonton, Alberta

° . : . ’ oy . ~
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. Vegetation Type Descriptions

* - -— . v

FUELs TYPE: Mature Jack or Lodgepole Pine (C-3)

Northern Boreal Mixedwood = Vegetation type 1 (Russell et al., 1984)
Lodgepole/Jackpine/Arctostdphylos uva-ursi/lichen - -

Associated species: Populus tremuloides, Picea mariana, ‘Alnus crispa.
- Rosa sp., Ledum groenlandicum, .Shepherdia canadensis@’?f
Vaccinium myrtfiloides, V. yltis-idaea, Linnaea 3
- borealis, Cornus canadensis, Mailanthemum canadet~
- Cladina mites, L. alpestris, Cladonia SP.y
Pleurozium schreberi Hylocomium splendens’y

y .
: .

oy ' o ‘ b
‘The vegetation type has a high speCies diversity, howevegé/cover'

values, of shrubs and herbs are low with mature pine do ting

the canopy. :

-

-FUEL TYPE: Boreal Spruce (C 2)

Northern Boreal Mixedwood - Vegetation type 2a (Russell et al 1984)

Black spruce/Ledum groenlandicum/Featfermoss

Associated species: Pinus banksiana, P. contorta, Ledum sp.,

' : Cornus canadensis, Vaccinium vitis-idaea,

. Pleurozium schreberi, Hylocomium Spleridens,
* Ptilium crista-castrenis, Peltiggpa aphthosa,
: i ~Alnus crispa often a dominant shrub.

. 7 i

Usually low species diversity in poorly developed herb layer ; Black

spruce forms a closed canopy with branches to the ground. *

[y

~

:

FUEL TYPE: Boreal Mixedwood (M-2) -~

Southern Boreal Mixedwood - Vegetation type 3b (Russell et al. 1984)
White spruce/Viburnum edule/Rubus pubescens e

Associated species: Populus tremuloides, Pinus banksiana, S
Alnus crispa, Rosa sp., Ledum groenlandicum,
< ‘Linnaea borealis, Vaccinium myrtilloides,

Cornus canadensis, Vaccinium vitis-idaea,

Maianghemum canadense, Epilobium angustifolium, ,
o o Elymus innovatus, Fragaria virginiana, Aster {
7 _ cilialatus, Pleurozium SChreberi Polytrichum :

‘ ]unigerinum. _ . o .

Lo
Boreal mixedwood types are highly variable in terms of species

diversity and dominance.
' .

~
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FUEL TYPE: Leafless Aspen (D-1) "
) ‘
Aspen Parkland—~ Vegetation type 4 (Russell et al. 1984) .
Trempling aspen/shrub/herb . . )
Associated species: Populus balsamifera, Symphoricarpos occidentalis. : N

Rosa\ sp., Galium boreale, Salix sp., Calamagrostis
inexpanga, Vicia amerigana,. Carex sp., Aster
’ ' ciliolatus, Fragaria virginiana, Amelanchier
alnifolia, Corylus cornuta, Prunus sp.,
Yiburnum edule, Rubus strLEQSus Agropyron sp.
Aralia nudicaulis, Cornus canadensis, Pyrola
asarifolia, Maianthemum canadense, Schizachne
purpurascens, Bromus ciliatus, Calamagrostis .

@ R canadensis, Epilobium angustifolium, Lathyrus
ochroleucus, Mertensia Rynoulata, Rubus pubescews,v
Viola sp. ¢

-
-
‘

Predominant upland vegetation On‘fﬁ;/;orthern fringe of varkiand
bordering on Boreal forest. Islands of aspen stands are found within
the coniferous Boreal forest as well.

-

i

“Source: Adapteg from Russell et al.»(19843 o | . <y
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Table F.1:

’ 'Typo
\

Pr'ount‘_ Values for

110

Wildlife In the Boreal Spruce Vegetation

Discount Rate

Fire Intensity

Time Since Fire (years)

| . 15 30 60

NO FIRE 155.9 7100.1 41.3

r=3% ) LOW ] 156.9 100.1 -41.3
‘ MEDIUM 467.3 299.9 . 413

" HIGH 467.3° 599.9 41.3

: NO FIRE 116.9 . 56.2 13.0

r=5% Low 116.9 56.2 13.0
MEDIUM 350.2° 168.4 12.0

HIGH 350.2° 336.9 13.0

NO FIRE 88.1 31.9 4.2

F=7% LowW 88.1 31.9 4.2
} MEDIUM 263.9 95.6 4.2
HIGH 263.9 191.3 a.2
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Table F.2: Present Values for Wildlife in the Pln\Vogit-tlon Type \\,
Discount Rate Fire lnteh}_.ity . Time Since Fire (years)
| : 15 30 80
\ X . ' ,
Y NO FIRE T 1559 100.1 213
=% Low 4673 100.1 413
MEDIUM 4g7.3 299.9 -41.3
HGH  C ag7.a 2999 a1.3
NG FIRE 116.9 56.2 13.0.
r=5% . LOwW . 350.2 56.2 130
'\ MEDIUM ‘ 350.2 168.4 13.0
% HIGH 350.2 - 1884 13.0
NO FIRE 88.1 R 318 3.2
7% B ow 2639 31.9 4.2
"?r_\\/IEDIUM 263.9 . o586 ‘ 4.2
HIGH .. 2839 956 : 4.2
A
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~ Table F3 _Present Values for Wildlife in the Aspen vaggtauon} Type .. .

Lo

€

x o | T‘i"me’,git"ricé;Fire (years):
15 . 180 - ‘

Discount Rate * - FingWita

NO FRE ~ - 4873 . 2999 1236
3% Ctow 4673 | 5999 - 1236
R " MEDUM - 9346 . 9999 -1236 -

- HIGH 9346 . 5998 . 1238

“NO FRE 3802 . 1684 . 390

Cpesw o, T Low ssp2 3369, . 39D .
- MEDIUM 7004 5616 - -39.0

HIGH 7004 . 339 . 390

T NO FRE 2638 956 . 126 .

r=7% _-.i.“'LoW e \263.9; St 813 128

MEDIUM - . 85277 ~ - 318.8 126

CCWGH T 27z 1913 126

60



“Table F.4: ~  Present Values for Wildlife in thé Mixedwood Vagetation:
: v Type ‘ e - : ‘ O

1

.

Discount Rate ~ Fire Intensity o - Time S'incef Fire (years) '
- Y 15 - 30 : - 60

. ) N : ' Yol . N o
NO FIRE 467.3 - . 1299.9 u@-’wg\@

g3t ow . 9348 299.9 123,6°

MEDUM . . 1567.8 5g9.9% 1236

. WeHT . 4873 9999 1236

NO FRE. - T 302 - 1684 J 390
r=5% . LOW ©700.4 168.4 39,0
- ~ MEDILM® 11674 3389 . 390

HIGH - 3802 ' 561.6 390

NG FIRE T, 2838 . 956 126
r=7% w5277 . 956 }?‘12‘.‘6_
MEDIUM 8797 1913 . 128

HGH -, .. 2638 3188 12.6

T - N
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Table G.1: Present Values. for Timber ‘in the. Coniferous. Vogntqﬂdn -
. . . Types / ! : B
) j - - ’
Discount Rate ° Fire Intensity =~ ~ Time Since Fire (years)
r < , 15 30 | 60
. . . 4
o 2 5 . " - . _1 %
2632 .. 2973 - 1225 -
r=3% ‘ LOW . .463.2 297.3° 1225
MEDIUM 231.6 148.6 © 1225
HGH . 00 00 - 1225
NO FIRE 3471 . 167.0 386
r=5% Coow 347.1 167.0 38.6
' ' - ‘, - L » . .
- MEDIUM 17367 835 . v 386
HIGH . 00, 00 386
NO FRE - . 2615 948 125
r=7% LOW . 261.5 . 94.8 125
|  MEDIUM ¢ %1308 474 128
CWIGH . 0.0, 00 ., - 12B
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Table G.22  Present Values for Timber A the Aspen Vegetation Type ' -
[y 1y ' ) . , o
* Discount Rate ~ Fire Intensity . Time Since Fire (years)
a SR B L 30 , 60
" 7 NO FIRE 2730 3036 ~125.1
=3% LOW ’ 473.0 3036 L 126.1°
MEDIUM . 2365 © 151.8  125.1
HIGH o 0.0 0.0 125.1
. 9 ' . : .
NO FIRE . 3/A5 1705 =L 4
r=5% LowW - 3845 170.5 39.5
MEDIUM . w72 .83 . 395
. ~ HIGH 00 T 00 39.5
T NO FRE 267.1 968 - 127
=7% . LOW - 2870 96.8° 127
MEDIUM ' 1335 48.4 12.7
CHIGH = 0.0 - © 0.0 127
li»-



Table G.3: -

_ : : _ *
Present Values for Timber in the Mixedwood Vegetation
Type . .

117

®

»
Discount Rate Fire Intensity _ | ‘Time ‘Since Fire (years) )
. : : 15 -~ 30 - 60
NO FIRE l. 468.1 .~ 300.4 - 123.8
r=3% Low . . 4681 3004 . j238
. MEDIUM. - 2340 150.2 1238
WGH 060 00 ° 1238,
NO FRE 308 1687 390
s r=5%  Low . 350.8 " 168.7 39.0
MEDUM 175‘.4' 84.4. 39.0
HGH 0.0 . .00 .. 390
NO FIRE 2643 ~ 95.8 2.6
r=7% Low 2643 958 126
MEDIUM 132.2 479 12.6
' HIGH 00 0.0 128




