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Abstmet .--Tr.Jo questions about firoe management aroe peroen
nially mised: H~ does foroest firoe affeet timbero supply, and how 
ean the value of firoe eontrool aetivity be judged? The answero to 
the firost is that the effeet of firoe on timbero supply should be 
analyaed on the basis of the whole foroest, not froom data taken on 
the buroned aroea alone. The answero to the seeond foHows on the 
firost. Firoe management must be eonsideroed an integml parot of 
foroest nv.nagement, and the analysis should be based on the proin
eiple of "ma:cimiaed net roeturon" froom the whole foroest mthero than 
on "net value ehange" on the buroned aroea alone. Simple TTKJdels and 
hypothetieal roesults aroe proesented. The seale prooblem is 
addroessed • 

R~sum~.--Quand it est question d'ineendies et de feuz, deuz 
queet~ons roeviennent eonstamment: eomment les ineendies de foroet 
infiuent-its su,. l 'approovisionnement en bois et eomment peut-on 
~valuero La lutte eontroe l'ineendie? La ,.~ponse est que l 'effet 
des ineendies suro 'L 'approovisionnement devmit etroe analys~ su,. 
l'ensemb'Le de 'La foroet, et non pas au moyen de donn~es se 
mttachant cl la seule superofieie broUl~e. La roeponse cl La seeonde 
d~eoule de la rosponse a La p1'8mieroe. La lutte eont1'9 le feu doit 
etroe eonsid~roee comme faisant parotie int~gmnte de 'L' am~nagement 
foroestiero; l'analyse doit se fondero suro le proineipe du mpporot net 
ma:rimiss POUl" l I ensemble de la foroet pluMt que suro la modifi
cation nette de la valeuro de la superofieie b,.ul~e seulement. On 
pNsente des modeles simples et des roesuttats hypothetiques. On 
tmite aussi au proobleme d'eehelle. 

Everyone in the fire business is con
stantly aware that forest fire causes timber 
loss. In a severe fire season, terms like 
"huge", "catastrophic", and "disastrous" are 
heard on all sides. Every year the Canadian 
Forestry Service collects fire statistics from 
the provinces and territories, compiling in
formation on burned areas in several categor
ies. In 1980, remembered well as a record 
year in Ontario, the total burned area includ
ed 223,240 ha containing merchantable timber. 
At a conservative 100 mJ/ha, the killed timber 
would total some 20 million mJ, about equal to 
a year's roundwood production in Ontario. 
Does that mean that somehow or other the pro
vince had 20 million m3 less wood to harvest? 
If so, within what time span? True, the cur
rent IO-year average of merchantable forest 

area burned annually in Ontario is only 25% of 
the 1980 values, but the same questions 
arise. What exactly do such losses mean? 

Surely the fores t is not just a mine, so 
that whenever some volume is lost or wasted, 
there is that much less available in the fu
ture. Perhaps, then, the whole standing for
est could be pictured as a bank account, the 
annual harvest representing the interest. In 
that case, any deduc t ion from the princ ipal 
would simply result in propor~ionately less 
interest (if we assume, as we41, that the rate 
of interest remains the same). No doubt, if 
trees were dollars, that is how it would be. 
Depletion by fire could be subtracted from the 
total inventory, and the allowable cut adjust
ed downward in proport ion. Such a concept may 



prov ide some rat ionale for interpret ing the 
loss in the immediate sense but it still does 
not help us decide how long· to maintain the 
reduced harvesting rate. Should it then be 
maintained until the amount of the lost prin
cipal, namely the original fire-killed timber, 
has been accounted for? If not, then what did 
that original so-called fire loss mean anyway? 

Clearly, a forest is a far more complex 
ent ity than a bank account. Trees are not 
like dollars, and a cubic metre of wood in a 
20-year-old forest is not the same as a cubic 
metre of wood in a 100-year-old forest. Nor 
is the forest simply divisible into areas 
labelled "merchantable", "immature", and "re
generation". In forest management circles 
everywhere, concern for projecting realistic, 
sustainable, annual allowable cuts (AAC) i·s 
increasing. Sophisticated models are avail
able for evaluating all possible treatments 
and alternatives in silviculture and harvest
ing. In its natural state, however, mos t of 
Ontario's forest is cycled and renewed by ran
dom periodic fire, and has been for ages. The 
process is ecologically normal and, in spite 
of efficient control operations, the areas 
burned are often as large as those harvested. 
Should we not then apply the same cool logic 
to the effect of fire on timber supply that we 
give to the harvesting process itself? 

Since a satisfactory answer to this ques
tion cannot be found in the traditional con
cept of "fire losses", let us shift our focus 
away from the burned area alone. Let us in
terpret the dynamics of the forest as a whole 
under the impact of both fire and harvesting. 
The proper goal is to incorporate forest fire 
realistically into modern timber supply analy
sis; this means projecting the effects of fu
ture fires as well as simply tracking the re
sults of current depletions. 

A good place to start is the conceP.t of 
age-class distribution (ACD) , which, together 
with the yield curve of volume over age, is 
the very foundation of forest management. 
Everyone is quite familiar with the classical, 
perfectly regulated forest, with equal propor
tions in every age class, each stand being cut 
as it reaches the rotation age. Not so famil
iar is the age-class distribution generally 
found in natural forests exposed to periodic 
random fire. There the basic form is the neg
ative exponential ACD, with gradually decreas
ing proportions in each successive age class 
and a long-drawn-out old-age tail (Van Wagner 
1978). These two cont rasting ACDs, compared 
side by side in Figure 1, provide the princi
pal clue to the nature of timber supply in 
forests affected by both harvest and fire. In 
other words, both fire and harvesting recycle 
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Figure 1. Age-class distribution of model 
forest for cases of a) 2% annual 
fire, b) 2% annual harvest, c) 1% 
fire plus 1% harvest. 

the forest, but in quite different ways. How, 
in fact, can these two opposing effects be re
conciled in one joint analysis? How much tim
ber is available in a forest affected by both 
fire and harvesting? 

At Petawawa, we have designed a basic 
simulation model to answer this question (Van 
Wagner 1983). The operator must state the 
annual proport ions of forested area that are 
expected to be harvested and burned, as well 
as the yield curve and initial ACD of the for
est. The model. then runs by two simple rules: 
1) fire strikes at random at any age, and 2) 
the stand of highest volume is always cut. 
Each run, if continued long enough at the 
given rates of burning and harvesting, yields 
an equilibrium value for the sustainable an
nual harvest volume. Through the use of a 
yield curve like that for black spruce in 
western Quebec, some 50 runs of the model were 
made and analyzed. Let us look at some of the 
principles that emerge. All volumes are 
quoted in terms of m3/ha of whole forest, not 
just cutover area. 

First, the long-term equilibrium annual 
allowable cut (AAC) decreases in a regular 
fashion as the average annual burned area 
(ABA) increases (Fig. 2). Note, for instance, 
that when ABA equals 1.0%, the AAC is still 
70% of its maximum no-fire value. But such an 
average level of fire activity would quiCkly 
produce some of the extremes noted at the be
ginning of this paper. Even wi th the marked 
increase in Ontario's annual burned areas 
during the past decade, the average for 1974 
to 1983 is still only 0.36% of the total pro
tected area. At that burning rate. in a for
est like the one mode lied, even the complete 
elimination of fire would provide only an 
additional 10% of AAC. This curve, for the 
forest in question, is the essence of the 
model's results. 
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Figure 2. Annual allowable cut over percent
age of area burned annually in mod
el forest similar to black spruce 
forest in western Quebec. 

Second, the annual volume of fire-killed 
timber is less than the corresponding depres
sion in the AAC (Fig. 3). By this yardstick, 
the conventional fire loss is actually under
estimating the steady drain on the sustainable 
harvest. 
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Figure 3. Depression of the theoretical AAC 
compared with volume of timber 
killed by fire annually, each 
plotted against annual percentage 
of area burned. 

Third, the above points hold only when the 
forest is being operated for its optimum AAC 
at the given level of annual fire. Suppose 
that for some reason, whether ecological or 
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economic, somewhat less than the forest's AAC 
is being harvested. The model then shows that 
the annual harvest is relatively insensitive 
to the amount of fire. Figure 4 is a set of 
curves of annual harvest volume over ABA for 
several levels of percentage of area cut annu
ally. Note that the model forest yields its 
maximum of 2.1 m3/ha when cut at 1.5% of area 
per year, and that the effect of fire in re
ducing harvest volume is strongest at this 
cutting level. As the cutting level de
creases, the effect of fire on harvest volume 
diminishes. For example, when only hal f the 
optimum area is cut annually (say 0.7%), the 
forest will still yield 60% of the maximum 
possible harvest and will do so regardless of 
the amount of fire up to any practicable limit 
(say 1.0% annually). In other words, a sub
stantial _ount of timber is available from 
any forest no matter what its annual burning 
rate. 
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Figure 4. Available annual harvest over area 
burned annually for several levels 
of area harvested annually. 

These are only a few of the issues on 
which this simple simulation model sheds 
light. I draw two main conclusions. One is 
that it is very difficult to visualize before
hand the combined effects of these two con
trasting forces; when their joint dynamics are 
analyzed in a rational manner, the results do 
not necessarily jibe with convent ional wis
dom. The other, and main conclusion, is that 
the place to look for the effect of fire on 
timber supply is in the whole forest, not just 
in the burned area. The volume of timber 
killed by fire, no matter how carefully mea
sured, is in fact a red herring; it will not 
supply the desired answer. 



Of course, anyone could quickly list many 
factors complicat ing the simple pic ture out
lined above. Access and logistics have obvi
ously been ignored. However, three other fac
tors are worth discussing here. 

First, random fire implies equal flam
mability at all ages. But conventional wisdom 
has it that the susceptibility of a forest to 
fire inc reases with age. In fact it is hard 
to find data to support this notion. Conifer
ous forests are, in the physical sense, very 
flammable indeed at a young-to-moderate age. 
Then there is the evidence of the landscape 
itself. which provides many examples of rough
ly negative-exponential age-class distribution 
over wide areas. This factor supports the 
argument that constant flammability with age 
is indeed a reasonable assumption. Neverthe
less, any known re lat ion between age and ten
dency to burn is readily incorporated into 
such a model. 

Second, the equilibrium timber supply is 
presumed to be of crucial importance over the 
long term. However, few present-day forests 
exhibit anything like their optimum age-class 
distributions. Of immediate interest, usual
ly. is the trend of timber supply during a 
transition period, perhaps several decades. 
while the forest approaches regulation. Simu
lation lends itself easily to this problem, 
simply by using the present ACD as the start
ing point. The available timber volume is 
provided at any desired time interval, always 
with the effect of random fire imposed on the 
current forest as it changes shape toward an 
equilibrium state. 

Third, all results discussed so far have 
been under a regime of constant annual burned 
area. To answer the obvious question, some 
runs with variable ABA were carried out. The 
first test is based on a random list of annual 
burned areas varying between 0.1 and 2.0%, 
while averaging 1.0%. No matter what the cut
ting level, such a variation in burned area 
from year to year has only a slight effect on 
the annual available timber volume. The en
tire range of annual harvests is contained 
within %5% of the general average. The annual 
timber supply varies within a much smaller 
proportional range than the annual burned 
area. In other words, the ant ic ipated future 
effects of individual fire years so overlap 
and interlock that the timber is supplied in a 
nearly steady stream. Even the above range of 
ABA (namely 20: 1), however, is not very re
markable; it is in fact the approximate range 
in the national total. Ontario, for instance, 
has experienced a 200:1 range in provincial 
burned area in the past 15 years alone; obvi
ously, the smaller the area at large, the 
greater the potential range in ABA. What 
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would be the effect on timber supply if a 
really large proport ion of the forest burned 
in one year? Figure 5 shows the effects of 
several such single "catastrophic" years. 
tested against a background of no fire at all 
before and after the year in question. The 
considerable delay, decades in this case, be
fore the anticipated reduction in harvest is 
at its extreme is obvious. 
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Figure 5. Effect of single extreme fire years 
on anticipated future timber sup
ply. 

The effect of variable ABA is thus really 
another major question in disguise, namely the 
question of scale. How large a forest fits 
the concept being discussed? Is it the whole 
province, a region, a district, or perhaps the 
working circle of a pulp mill? On reflection. 
the first test of scale is the "substitutaM.l
ity" of timber throughout the area in ques
tion. If harvest plans are interrupted, is 
the required timber available somewhere else 
in this forest? But, instantly, the issue of 
variability in ABA is raised: the smaller the 
area the greater the potential annual varia
tion in burned area. Clearly. the crucial 
ques t ion is: "What is the biggest perturba
tion in timber supply that can be tolerated 
and what is its probability?" Set up in this 
way, such a simulation model could provide 
some answers about the size of the management 
unit that can be treated safely as a single 
entity. At the extreme lower limit of size. 
when a forest operation cannot survive the 
largest fire likely to occur in the prevailing 
forest type, the timber supply can no longer 
be viewed as described here. The problem 
becomes more one of insurance than anything 
else. 

Having come this far on the subject of 
timber supply alone, we can easily take one 
more step and at least touch on the matter of 
economics (see Van Wagner 1985). Provided 
that this treatment of timber supply is valid 
in the most basic sense, then the analyses of 
sufficient protection and economic impact of 
fire follow almost automatically. 



First, the traditional concept of "least 
cost plus loss", which has dominated the eco
nomic study of forest fire since its begin
nings, turns out to be more of a hindrance 
than a help. The reason is that there is no 
bank account representing total forest value 
from which calculated decreases in value on 
burned areas can be subt racted to represent 
economic loss. The only thing worth valuing 
from the protection viewpoint is the harvest, 
which comes from the whole forest and is not 
directly related to what happens on burned 
areas. The appropriate governing principle 
is, instead, "maximized net return", a concept 
that has no doubt guided human enterprise 
since economic consciousness first appeared. 
Two curves, each in terms of economic value 
over average annual area burned, illustrate 
this principle and its application. One is of 
harvest value, the other of protection cost 
(Fig. 6). Clearly, for a sensible solution, 

ANNUAL AREA BURNED 

Figure 6. Maximum net return as the maximum 
difference between harvest value 
and cost of fire control, each 
plotted over area burned annually. 
Scales not quantified. 

the harvest curve must lie above the cost 
curve over much of its length. The maximum 
net return is then found where the two curves 
have equal slope. At this point, the marginal 
cost of further reduction in burned area just 
equals the value of the corresponding increase 
in harvest value. 

What, then, happens to the old concept of 
"fire loss"? Is it the value of the reduction 
in potential annual allowable cut? Or is it 
the cost of fire control operations? And does 
it include the cost of substitution when immi
nent harvest plans are interrupted by fire? 
As previously seen, the reduction in AAC below 
the no-fire maximum is actually greater than 
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the volume of fire-killed timber. But is this 
a fair measure? If loss were defined as "eco
nomically available increased harvest", there 
would, in the state of "maximized net return", 
be no loss. The simplest way out of this con
fusion is to stop thinking in terms of loss at 
all. If we think instead in terms of "maxi
mized net return", the pieces fall neatly into 
place. 

Whenever a realistic economic analysis of 
fire management is made, however, the result 
may very well turn out to be an anticlimax, 
because of the difficulty of assigning a unit 
value to the annual harvest. Who will provide 
the proper value--the government stumpage 
accountant, the company woods manager, the 
sales manager, or the social economist? The 
answers range easily over two orders of magni
tude. A tentative conclusion is that the eco
nomic impact of fire is, at its core, a rather 
"soft" issue. No government agency is obliged 
to change its ways on the basis of a straight 
economic analysis; besides, social and envi
ronmental concerns may weigh just as heavily 
when one is determining what to do about for
est fire. 

The timber supply aspect of the impact of 
fire is, by contrast, a very "hard" issue in
deed. Only the coolest of logic will suffice, 
it seems to me, when one is analyzing the im
pact of fire on the lifeblood of the forest 
industry, namely its timber supply. The clear 
message from this analysis is that the correct 
measure of the impact of fire is not the fire
killed timber, but rather the reduction in 
potential annual harvest. And the correct 
answer can only be worked out by the rational 
analysis of forest dynamics. 

The key word in the theme of this sympos
ium is "integration", a term I have been sav
ing until the end of this paper, in the hope 
that there it wi 11 have its maximum impact. 
My conclusion is that the logical analysis of 
the impac t of fire in fores t ry leads inexor
ably into resource management as a whole. Any 
attempt to deal with forest fire as a thing 
apart is bound to fail. 

Finally, it is also clear that the moment 
attention is shifted away from the burned area 
alone to the forest as a whole, the appropri
ate economic concept becomes "maximized net 
return" rather than "least cost-plus-loss". 
Both in the matter of timber supply and in the 
matter of economic impact, the key word is now 
integration. The business of forest manage
ment is to produce the maximum useful annual 
harves t; the business of fire management is 
the protection of that annual harvest. 
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