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suvMARY

Even though insect outbreaks have been known- for centutries

in Canadian fdrests, the economics of control measures[was almost
completely.ignored till recently. This paper presents the highlights
and main'tesults of an economic study prepared in 1972 under the

auspices of the Quebec Department of Lands and Forests Research Sexvice,
|

concerning the feasibility of aerial spraying against épruce budworm,
|
This study arrives at a general pest control policy by comparing nine
T |
spraying alternatives in terms of economic criteria, The marginal

approach of economic analysis is used. One pre-condition set was that
|

spraying policy must be integrated with other forest policies. The

study is baséed upon certain assumptions concerning entomology, forest
: |
management, and eccnomics. ]
h |
|
One of the most economically feasible spraying options

. : i
indicated an 8% rate of return on investment in terms of direct value
o

saved (stumpage value only). It calls for the spraying of softwood

and mixedwood stands, for two successive years, then a‘halt to spraying

- for two years, and so on till the end of the outbreak.i
' )
|
Without treatment, the minimum annual loss in the outbreak
o |

i
area in Quebec could present, over the next forty year pericd, the

following picture:
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Over two million cunits of timber destroyed
(5,6 millions cubic metres)

.12,6 million dollars in lost stumbage dues from
public forests;

14,7 million dollars in lost taxes;

L63,2 million dollars in lost salaries and wages;

17_000 fewer jobs,




Méme si le phénomene des épidémies d'insectes forestiers
date de quelque siécles au Canada, 1l'aspect économique de ces épidémies

fut & peu prés ignoré jusqu'd récemment. Ce mémoire présente les grandes
. i :
lignes et quelques-uns des résultats d'une étude économique réalisée au

cours de l'année 1972 au Service de la recherche du ministére des
’ |

Terres et Foréts du Québec, concernant la rentabilité des arrosages

aériens contre la Tordeuse des bourgeons de l'épinette.

LCétte Stude proposait une politique globale de lutte 4 -
' ;

partir de la éomparaison de neuf alternatives ou chotix passibles

d'arrosage en termes de critéres économiques. L'approche marginale

y était utilisée.

i
|

La politique d'arrosage doit étre intégrée aux autres

. i
politiques forestidéres et gouvernementales. |
' i

L'étude repose sur des hypothéses de base coneernant
i
!

L'entomologie, 1'aménagement forestier et l'économique.
L'une des alternatives d'arrosage les plus gentables en va-

leurs directes rapporte 8 p. 100 sur 1'investissement. :Cette alternative

3
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consiste en une séquence caractérisée par deux années d'arrosage suivies
d'une période de deux années sans arrosage, de tous les peuplements

résineux et mélangés.

Sans intervention de lutte, l'épidémie actuelle au Québec
pourrait représenter, sur une base annuelle et pour wne durée de plus de
quarante ans, des pertes minimales de:

1~ Plus de deux millions de cunits* de bois

(5,6 millions de mdtres cubes/;

2~  $12,6 millions en termes de droits de coupe sur
les foréts publiques;

3- .$14,7 millions en termes de taxes, itmpdts, ete.;
4- $63,2 millions en termes de salaires;

5-. 17 000 emplois.

% 1 eumit = 100 pi® = 2,83 m®
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INTRODUCTION

_Insect outbreaks have been occuring for centuries in Canada,
: |

but until now, the economic aspect of these outbreaks was almost comple-
' 8

tely ignored. The spruce budworm is considered to be the most important
' {

nationalvforestry prcblem in Canada. Although this inséct is found in
several Canadian provinces, outbreaks occur principallyiin Qﬁebec and
New Brunswick (Blais, 1968). The first economic study on the feasibility
of aerial sprayings against spruce budwornm (Choristoneu;a fumi ferana

Clem.) in Canada was made in 1958 by Dorion. He considered only two
‘ '

alternatives (spraying and not spréying) to protect Gaspesian softwood
forests (eastern part of the province of Quebec) for a éen—year period.
This study showed that on the basis of stumpage value s%ved, aerial
spraying with insecticide agalnst spruce budworm was ecdnomically

feasible. Wilson (1966), using the same alternatives, came to the same

b

conclusion in his study of spraying against spruce budworm in
New Brunswick, viewing it as a 40-year endeavour. :

i

The study by Nadeau et al., 1972, is the first detailed

i
analysis on the economic feasibility of controlling a spruce budworm
f

|
outbreak in Canada, and has been conducted in collaboration with one

forest entomologist and two forest managers. Furthermore, this study

|
|

T
| , 1




compares nine spraying alternatives on the basis of economic criteria
and demonstrates that the decision to control a budworm outbreak should

be based on sound economic values.

The purpose of this paper is to present only the highlights

of the economic study by Nadeau et al., 1972. The following aspects

are discussed: purpose of the study, the spruce budworm problem, methods
of analysis, integration of aerial spraying policy with other gowvern-
mental forest policies, assumptions made, compilation of timber volumes

saved, economic equations used, and finally, direct and total feasibility

of aerial spraying.

PURPOSE OF THE STUDY

The general purpose of this study is to:

1- Define the elements of a general aerial spraying
policy for the Quebec Department of Lands and
Forests;

Analyze the economic, management, and entomological
factors involved in determining a sound future

. policy with respect to the control of budworm
outbreaks in Quebec. :

More spécifically, it:

1- 'Defines spraying alternatives as a function of the
period of time between successive spray applications
and choice of stands;

Evaluates the amount of timber volume which would
be saved by adopting each alternative;

Evaluates in dollars the losses which could be
" avoided by adopting each alternative;




4- Determines whether the government should spray
or not spray against budworm and, if so;

a) defines under which stand conditioné respect-—
ing frequency of spray application,;stumpage
values, indirect benefits, costs, etc.,
aerial spraying appears economically feasible
for government in terms of direct, indirect,
and total wvalues; (

!

b) determines the maximum investment the govern-

ment should make in spraying operat%ons;

¢} evaluates the rate of return on investment

for each alternative as a function of
different economic criteria; 4

i

|

THE SPRUCE BUDWORM CONTROL PROBLEM IN QUEBEC

i
|

In Quebec, spruce budworm affects the major source of
i

timber supply for tpe forest industries. Between 150 aﬁd 200 millien
cords of timber (544 and 725 million cubic metres) havefbeen destroyed
in Quebec during the past two outbreaks registered in tLis century.
The current outbreak could destroy extensive balsam fir and wﬁite

' {
spruce stands throughout the Province. Since 1968, moré than twenty-six

million acres of forest land (10,5 million hectares) ha;e been infested
by spruce budworm in this province. Until 1988, more t%an forty-six
million acres of forest (18,6 million hectares) will pr;bably be
attacked by the insect. Without treatment, more than one hundred

million cords of wood (three hundred sixty two million cubic metres)
1

could be destroyed during the next decade.

Unless preventative measures are taken, annual damages for

the next forty years could amount to minimum losses of:

|
|
|
|




-More than two million cunits of wood
(5,6 million cubic metres);

$12,6 million in stumpage dues;
$14,7 million in taxes;
$63,2 million in salaries;

17 000 jobs.

The budworm problem is an economic one which concerns the

Government, the Department of Lands and Forests and all users of the
forest. The solution to the problem will require a considerable invest-

ment. Is this investment economically justified?




" CHAPTER 1
METHODS OF ANALYSIS

|
' - i
1- GENERAL ECONOMIC APPROACH }

The major decision rule with respect to a general policy of
|
aerial spraying against spruce budworm in Quebec is as follows:

!

{
¥

The maximum outlays economically justifiablé for aerial

{
spraying against spruce budworm must be less than the value of loss
i

prevented by the treatment. i
J
‘

The value of prevented loss is a potential value which is
' 1
not confined to the stumpage value of timber, but to its potential
!

value to all users. ' i

!

Furthermore, this economic analysis takes into consideration

the biologicél (that is, entomological, and forest management) aspects
1 .

of the prbblem. Pest control is considered to be an integral part of
' 1 :

forest management, spraying costs being part of forest management costs.
. f

Indeed, timber losses caused by an outbreak have to be included in the

! 5




computation of annual allowable cut. It was understood that the final

decision with reépect to the control of an insect outbreak would be
based mainly on econcmic values; the pest control policy would require
fhat an infested férest be protected only to the extent that the control
cost would not exgeed the otherwise anticipated loss., Furthermore, the
investment in pest control must return the same rate as an investment
made in other fo%eSt production activities or, for that matter, non-

forest production activities.

The major steps followed with respect to the recent study
on the economic feasibility of aerial spraying against spruce budworm

in Quebec are the following:

- Determination of spraying alternatives as a
function of the time period between appli-
_ cations, and of the category of stands treated;

Determination of spraying options by comparing
each alternative with the basic one which consists
in not spraying;

Valuation in terms of present worth of the net
allowable cut and of the spraying cost (at
various discount rates) corresponding to each
alternative; valuation of the marginal allow-
able cut saved (i.e. the marginal revenue
representing the prevented loss of timber
volume) corresponding to each option;

Valuation of direct, indirect, and total losses
prevented by aerial spraying for each option
using various discount rates;

Tinancial valuation of each option in terms
of various economic criteria for various

" discount rates (direct, indirect, and total
feasibility);

Classification of options and choice of the most
economically feasible option, taking into
.account an appropriate minimum discount rate.




These major steps required that the following minor steps

be taken:
- |
1- Establishment of a schedule of values saved

(prevented losses);

N
2~ Establishment of a schedule of treatment costs;

: !
3~ Determination of an appropriate altermative
i rate of return;

4- Capitalization of values saved;
‘_ 5- Capitalization of spraying costs scheduied;
6- Calculation of the internal rate of return on -

investment, the benefit-cost ratio, and the net
present value indicated for each option.

2- GENERAL CRITERIA FOR ECONOMIC VALUATION OF THE PEST‘CONTROL PROGRAM

|
I

|
The decision to spray large areas of forests represents a

substantial change. Because not all changes are desirable, it is neces-
_ | 7
sary to decide which tests a change must pass to be desirable (Marty,

1972). The major tests are the folowing:

!
1- Feasibility. [

1
Aerial application of insecticides against spruce budworm

must be physically and technically feasible. Furthermofe, there must
|
be sufficient manpower and funds available to perform the operation.

|
|

2- Productivity.

{
i

The aerial spraying program must help all concerned groups,
: x

that is, -the Government, the Department of Lands and Fo?ests, and all

other users, to achieve their objectives more fully. ;

t
|
i




3~ ‘Acceptability

The aerial spraying program must be acceptable to all persons
who can influence the final decision process, both inside and outside the

administrative umit of the provincial government.

4- Effectiveness
Finally, the measures taken must be physically effective

without being too costly.

3- SPRAYING ALTERNATIVES

Since the objective of the control program is to find the
most economically feasible solution, it is necessary to consider several
alternatives based on the period of time between consecutive sprayings,
and on the selection of stands to be protected. Nine alternatives and
eight options were defined in order to compare the values of prevented
losses with';hercorresponding additionnal costs of spraying. The alter-

natives and oﬁtions that were finally retained are given in Table 1.

In order to compare additional expenditures and additional
revenues corrésponding t§ each alternative, it is necessary to define
options. As mentioned earlier, one alternative is to. accept the first
alternative to do nothing; which costs nothing:--Against this alternative,
the .others can be compared. Thus, for eight of the nine alternatives
the- additiennal. costs oficontrol must be‘comﬁared‘with the corresponding

values of prevented losses or anticipated-revenues. .




TABLE 1 i

- Spraying alternatives and options related to stands
and time intervals between spraying operations

i

Spraying Spraying
alternative option TIdentification of alternatives and options
number number
i
1 No spraying
2 1 Spraying of all softwoods anh mixedwoods,
every year. i
: \
3 2 Spraying of all softwoods and mixedwoods,
' every second year.
4 3 Spraying of all softwoods and mixedwoods,
i

every third year. - '

: |

Spraying, every year, stands having more than
5 cunits per acre (34,72 m¥/ha) of balsam fir
(Abies balsamea) and white spruce (Picea

5 - 4 glauca), and stands having 3 and 4 cunits per
acre (20,83 and 20,83 m°/ha) of balsam fir
and white spruce, when this volume represents
more than 25% of the volumeiof all species.

6 _ 5 Same procedure as alternative 5, but every
second year. '

|
Same procedure as alternative 5, but every

7 6
second year. F
|
5 Spraying for two years in a row all softwoods
8 7 and mixedwoods, followed.by-a~-pericd-of two

years without treatment. - |

Spraying for two years in a row, followed by
9 ' 8 a period of two years without treatment, the
stands described in alternative 5.

l




4- FINANCIAL CRITERIA

The comparison of alternatives was made on the basis of the

three following economic criteria:

1- Net present value;
2—"BEnefit—cost ratio;

3- Internal rate of return on investment.

5- STRATEGIC VARIABLES

A benefit-cost analysis of a forest pest control program
requires that stfategic variables be determined. Any qualitative or
quantitative factor which has a direct or indirect effect on the economic

feésibility of treétment (that is, on the yield of infested stands, on

control costs and on anticipated revenues) must be considered.

Bioipgical variables include the insect and the associated
factors identifigdlby epidemiology. Physical variables include the land
and the forest (forest type, growth, net or gross allowable cut, etc.).
Technological variables include the choice of an insecticide, its appli-

cation, and the ultimate use to be made of the wood.

Cost variables depend upon the technology of pest control and
the technology of wood transformation at the mill. Anticipated revenue
variables include stumpage values, values of the final products, and the

amount of indireét benefits generated by forestry activity. Finally, a

minimum discount rate must be selected.




6~ INTEGRATION OF PEST CONTROL POLICY WITH OTHER GOVERNMENT
FORESTRY POLICIES

I
The pest control policy against spruce budworm in Quebec
must be considered in the context of other governmental forestry

l
policies. In effect, it is necessary to integrate the Bpraying policy

[
not only with other forest pfotection activities but also with othex
general forestry policies concerning forest management,:timber alloca-

tion, multiple use of the forest, and financial aid to:industrial

1
i

development. i

The theoretical relationship between these %arious poiicies
is illustfated in Figure 1. The maximum expenditure which can be
economically justified to control the spruce budworm deéends on the
potential value of the forest threatened. This wvalue %s determined
to a great extent by government policies on forest man;gement, timﬁer
allocation, aid to the development of forest industry, ;nd other forest

protection policies.

'

Thus, intensive forest management increases timber volumes

and values, so that the economic feasibility of aerial treatment is
|

1
increased. The potential value of the forest is also a function of its

: i
utilization, which is determined by the timber allocation policy in

effect between the government and users.

" The policy of financial assistance to industry affects that

of pest control, because it is useless to protect against insect
. }
damage a forest for which there are no funds to finance its utilization

by induétry. In summary, then, in addition to protecting the forest,
t

it is necessary to ensure its utilization.

|

1 .
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CHAPTER 11

BASIC ASSUMPTIONS

B

.The benefit-cost analysis of the proposed ﬁest control
progrém agéinst spruce budworm in Quebec is based uponicertain assump-—
tions which influence the analytical framework of the étudy. In an
analysis_sﬁch as this, a great deal of uncertainty and;risk is involved
concern#ng>the values of parameters because one must o?ten simply
assume cert;in values as facts. The assumbtions that ;re made can be
grouped under three headings: entomology, forest manaéement, and

economics.: i
| |
Assumptions with respect to the entomologiéal aspect apply
to the following: the time interval between consecuti;e outbreéks, the
rate of tree mortality by species related to years of 4efoliation, the
evaluatipn_of losses over time and by region, and the éfficiency of

current methods of centrol. The following specific assumptions have

been made:.

13




The outbreak will last for ten years;

A period of thirty years will pass before the
next outbreak;

The total period of analysis covers forty years;
-~ The outbreak will progress from west to east;
The extent of current damage is known;
The current pest control methods are relatively
effective based on the results of the 1972
- operations;

. The assumed rate of tree mortality due to
defoliation is realistic;

The rate of loss in volume is acceptable for
the purpose of this analysis.
Leﬁ_us Eonsider briefly loés increment and tree mortality.
According to McLintock (1955), one year of severe defoliation (loss of
current year's needies) on balsam fir will cause a loss in radial
increment. It»can‘bé assumed that white spruce undergoes an equivélent

loss. It is also possible to assume, on the basis of observations

made for diffeféqt tree heights (McLintock, 1955), that the loss in

volume is proportional to the loss in radial increment, and the

following rates of loss in volume can be used (Table 2):

Table 2

Loss in volume per year-eof defoliation

Year of Loss of increment in
defoliation volume (as a percentage
C of notmal increment)

Fifqt year 307

Additional years 607%

* Minimum amount of




Mortality rates used here are adapted froq research done

in WesterﬁiQuebec by the U.S. Forest Service during a'brevious
outbreak (McLintock, 1955). These rates are shown in Table 3. Other
studies made in Canada confirm these data and indicate‘that our own

data are rather conservative.

Table 3 i

Rate of mortality for various periods of |

consecutive defoliation

Rate of mortality
Continuous years (expressed as a percentage of
gf defoliation the original stand)
Balsam fir White épruce
- One 0 0
Two 0 0
Three 0 0
Four 1 0
Five 4 1
Six - 15 5
Seven 25 7.
Eight 15 5
Nine 5 . 2
TOTAL 65 20;

]
The assumptions made with respect to forest management
based upon the current spruce budworm outbreak in Quebéc include the
following: - the impact of the insect on the quantity of timber

harvested, on the increment, and on the areas being infested;

15




on the possibility of pest control through cutting techniques; and

finally, on timber yield.

It was also necessary to make some assumptions with respect

to certain economic and financial variables. The economic feasibility
of a pest control program is determined by cost-revenue relationships

(figure 2). The economic values which are used are presented below,

The unit cost of spraying is presently $0.70 per acre; it
is assumed that this figure will increase at a rate of 3 p.-100 ﬁer year.

The same rate is assumed for revenues.

Anticipated direct revenues resulting from a pest control
program can bé'exPressed in terms of the prevaling stumpage value,
and total valﬁes can be détermined by adding the indirect benefits to
this stumpage vélue. The stumpage value used here is $3.64 per cunit
(unit of 100 cubic feet) ($1.28 per m>). for sawtimber, and $5.88 per
cunit (2507 per,ma) for pulpwood (balsam fir and spruce). The values
of indireck benéfiﬁs used in this analysis are presented in Tables 4
and 5. 'Data on revenues are applied to timber volumes saved, and

compared to control cost data in order to determine the economic

feasibility of the pest control program.
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TABLE 4

Contribution to federal, provincial and municipal governments
in dollars per cunit of timber processed by
various forest industries (Lussier, 1969)

Contribution Total
contri-
bution

Federal Provincial | Municipal

Sawmilling|  $ 6.18 $ 3.44 $ 0.04 $ 9.66

Pulp

and | $10.58 $ 6.89 $ 1.16 $18.63
paper

TABLE 5

Aﬁount of manpower used in various sectors of forest activities
in man-yers per cunit of timber (Lussier, 1969)

Manpowed used

Sector of

activity Man-years/1 000 cunits’ Embloyment

Direct Indirect per cunit

e

Logging - 3.32 0.16

Sawmilling |  5.51 3.61 . 0.0091

Pulp ~ 3.05 4.21 0.0083
and paper -

! Technology in 1965.
2 Technology in 1961,




CHAPTER 111

TIMBER VOLUMES SAVED BY THE CONTROL

'PROGRAM, SCHEDULE OF COSTS AND REVENLES
:
|
|

|
Taking into consideration the net allowable cut corresponding

to each spraying alternative and the losses in growth and mortality due

to defoliation, over a forty-year period, we have calculated the timber

3

|
volumes to be saved through chemical treatment. The marginal allowable

cut increase was also calculated for each spraying option over a forty-

year period. For example, the timber volume saved in the first option
i

is obtained by substracting the allowable cut in the first alternative
. '

i

from that of the second one, and so on. The marginal allowable cut
i
‘indicated varies from option to option. 3
i

Nine schedules of net allowable cut, and eight schedules

1
of marginal allowable cut and of anticipated revenues over a forty-year

i

i
period were used. A schedule of spraying costs was prepared for each

|

alternative, taking into account the spraying frequency and the treated

|
area. Schedules were also prepared of anticipated revenues over a forty-
J

year period, using stumpage values (direct feasibility) and indirect

]
i
|
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benefit values from logging and transformation (indirect and total

feasibility).

Comparison of the eight spraying options was made using three

economic criteria and several discount rates. A rate of 8 p. 100 was

considered_tp“be.a realistic minimum.




CHAPTER 1V i

ECONOMIC MODELS AND THEORITICAL BASI‘S OF ANALYSIS

Before presenting the results of the study, it is worth

describing briefly the major elements of economic theory which underly

this analysis.

Since the decision.to invest in aerial spréyings against
* gpruce budwdrm in Quebec is to be an economic one, whe%e investment in
" pest control will be considered to be warranted only if treatment costs
" are expected to be less than the value of losses preve&ted, it is worth-
while identifying certain basic notions encompassed in|economic, financial,
- and decision theory, in the search for a solution to the spruce budworm

- control problem in Quebec. ‘ i

- More specifically, let us briefly consider!the following:

1- Controlling spruce budworm outbreaks as an investment
decision-making problem; ' !

2- The marginal approach employed in majof economic
models; .

i

i




3- Decision-making steps and decision rules;

4- Selected economic criteria.

1- CONTROLLING SPRUCE BUDWORM OUTBREAKS AS A PROBLEM IN INVESTMENT
DECISION-MAKING

The decision on whether to undertake aerial treatment with

insecticides as a defense against spruce budworm outbreaks is part of

‘the total inﬁestment decision problem regarding forest management in
Quebec. Budgetary constrainté demand an optimum allocation of resources
in order to satisfy future timber needs and other uses of the'forest.
Regarding spraying costs, there is a time lapse to be coﬁsidered between
initial outlays agd the flow of benefits in the form of maintained, long
£erm productivity. That is to say, an initial investment of short dura-
tion is requiréd (purchase of insecticides, rentallof airplanes and
equipment, hiriﬁg of people, etc.) in order to maintain the long term
productivity of-the forest (source of faw supply for industry, etc.).
The total feasibility of the project gust belevaluated taking into
accountla miniﬁum discount‘rate~ and this involves assessing the‘relative
merits of thé‘nine‘mutually exclusive spraying alternatives defined
earlier. In this analysis, the choices according to the objectives of
those who are involved in making the final decision (the Department of
Lands and Forests and the government in general) must be assigned prio-
rities. The ranking of choices will be made oﬁ the basis of acceptéblg

economic criteria.




2- MARGINAL APPROACH AND MAJOR ECONOMIC MODELS

P
The search for the most economically feasible’solution .
|

to the problem of aerial sprayings against spruce budworm is based
. . [

on the concept of changes at the margin, in the sense that additional

1
cost increments (spraying costs) must be compensated for by increments

in additional revenues. The equilibrium point is reacﬁed where the

!
additional cost increment (marginal costs) is equal to the additional
i
r
revenue increment (marginal revenue). Below this point, the additionnal

: i
spraying cost is less than the benefit value of prevented damages to

the forest and it is advantageous to invest more in the spraying
' i
operation. - Beyond the equilibrium point, the additional cost of
spraying exceeds the incremental benefit of the treatment .
I

The general economic relationship is as follows:

Co € Ry }'
|
Where: i
Co = additional investment in the operatién, the value
of which is capitalized to the year zero, for
each option. |
iy = marginal revenue of the bperation, capitalized to

the year zero, for each option (that}is, the timber
volume saved multiplied by the stumpage value).

i
i

This equation was employed to assess each spraying option,

. |
in terms of direct, indirect, and total values given various discount

rates,

1
The other main economic equations used in this study are

the following ones: :

23




i 1- ¢, maximum = R; (by option and for direct, indirect,
and total values),
I
The present value of the maximum total investment for spraying

operations during the ten-year outbreak period is equal to the present

value of prevented losses otherwise expected over the next forty years.

2- Mean net annual benefit per acre,

MAB =[NPV 1+ K)L] [(K)/(l + K)L'l] (by option and for
: direct, indirect
and total values).

MVAB = mean net annual benefit per acre.
net present value® per acre.
K = discount rate.

L = number of years.

The mean net annual benefit'per acre (MVAB) resulting from
spraying operations is equivalent to an annual net revenue flow for the
next fdrty years from an asset (e.g. an annuity) now having a capitalized

value equal to NPV.

3- Internal rate of return on investment.
IRR = K for which () = RO‘

Where:

IRR = the internal rate of return on the investment.

v

' The . internal rate of return on an investment is the discount
rate for which the present value of costs is equal to the present value
of revenues. A project is considered acceptable if the rate of return

indicated is greater tham the cost of capital.




|
;
|
i
|
I
!
i

4- Maximization of the net present value. The net present
" value of a project must be positive for it to qualify
as an acceptable investment. The project having the
greatest net present value is preferred.
|

Rp -Cp >0 . |
| | i

5~ Benefit-cost ratio.

Ro/Co » 1 1
' i

The benefit-cost ratio of a project or 0ption must be

- greater than or equal to one, otherwise the project istunacceptable.

3- DECISION-MAKING STEPS (DIAGRAM) AND DECISION RULES

F

The application of marginal analysis used in this study can
be summarized by a diagram (figure 3) showing the various steps in the
decision-making process. The following data are requi?ed to complete

the steps: minimum discount rates, schedules of control costs and of

|

losses prevented by spraying operations. A schedule is shown of current

and capitalized values of spraying costs over the nextjten years for
. :
various interest rates for each option. Similarily, a schedule is

shown of timber volumes saved and corresponding current and caplitalized
Y

values of losses over the next forty years prevented by spraying
operations. The net present value is obtained by susbfracting the

total present value of costs from that of prevented losses.

- The decision rules are the following ones:‘

, |
1- The total present value of costs must be less than
the total present value of prevented losses, that
iS, CO ‘Ro; i

. 25




FIGURE 3

Diagram showing the decigion-making steps
using the net present value criterion

Schedule of current
costs values

Schedule of timber
volumes saved

Discount
rate

Schedule of current-
value of losses
prevented .

Piscount
rate

Schedule of
value of

capitalized
costs

Schedule of
value of loss

capitalized
es prevented

by spraying

Total net prevent value
of losses avoided, Ry

Total present value
of costs, Oy

Net present value, i.e. tgtal present value of
damages avoided minus total present value of
spraying costs

Decision rules: (y € Ry
NPV > 0




2. The net present value of an option must be
positive and greater than that of other options,
that is, NPV > O. j

In the case of the internal rate of return on investment
}
criterion; the decision rule is to retain an option when the rate of

return is greater than the opportunity cost of capital.i As to the
l

benefit-cost ratio, the decision rule is to reject a prOJect when

I

‘the ratio is less than one. ' |

4. ECONOMIC CRITERIA USED IN THIS STUDY j

Even though the maximization of net present value criterion
is considered to be the most valid for this study, the %nternal rate
of return and benefit-cost ratio criteria are also usedffor purposes of
comparison.. All three criteria are considered accentabie because they
all consider the timing of the cash flows which are exnected to.occur
during the life of the project. However, nhile they always agree as

to the acceptabllity of a given investment optiocn, they do not always

agree on the order of preference when a number of options are being

compared.







CHAPTER V |

RESULTS OF THE ECONOMIC ANALYSIS

A short summary of the economic study on tﬁe control program
against the spruce budworm in Quebec is presented in T%bles 6 to 11.
If, for examble, a discount rate of 8 p. 100 and total ﬁalues (direct
and indireét benefits) are considered, then options l,i2, 7 and 3 are
preferred in that order (Table 6). In terms of diréct;feasibility
and a discount rate of 8 p. 100, only options 3, 6 and:7 afe ecomically
feasible (Table 7). The options are compared using th% benefit—cost
ratio in Tables 8 and 9. For instance, at a rate of Sjp. 100, the
preferred order of choice would be options 3, 6 and 7 Eespectively, in
terms of direct feasibility (Table 8). In terms of toéal values all
options appear acceptable, although not equally so, fo% all selectioned
discount rates {Table 9). The options are compared onlthe basis of
internal rate of return on investment in Tables 10 andjll. In terms of

i

t
direct values, the preference order is for options 3, 6 and 7 respec-
: ' }

tively (Table 10). Finally, when total benefits are céns;dered, all

29
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TABLE 8

Benefit-cost ratios considering only DIRECT values
(stumpage values only) of options at various
discowmt rates and stumpage values shown

Benefit-cost ratios

Options

- Rate of
discount

22 | 1.27 | 2.23 | 3.25

ftunpage
v

alue: sz | o0.90 | 1.60 | 2.33
$3.64 and

$5.88/cunit

6% | 0.67 | 1.19 | 1.73

for sawlogs| ;7 | 0.58 | 1.05 | 1.52
and

pulpwood re{ °F | 0-31 | 0.92 1.34

spectively*} 150 | 0,41 | 0.74 | 1.07

* 81.28 and $2.07/m® respectively

TABLE 9

Benefit-cost: ratios considering TOTAL values (stumpage
value and indirect benefits included) of options at
various discount rates and stumpage values shown

Benefit-cost ratlos

, Options
Rate o
discount

27 114.80}25.97 | 37.82
Stumpage

value: 47 |10.53]18.62 | 27.07
$3.64 and

:$5.88/cunit

{for sawlogs

62 7.80]13.90 | 20.17

7z 6.81]12.18 | 17.66

and

pulpwood re- 8% 6.00{10,76 ] 15.60

*
spectively 10% 4.771 8.62 | 12.47

* 381,28 and $2.07/m® respectively
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spraying options promise internal rates of return in excess of even the

highest (107) discount rate selected as an alternative rate of return

(Table 11).




CONCLUSION

i
: !
- In terms of direct values, this study concludes that options

3, 6 and 7 are economically acceptable. But finally, ogtion 7 is recom-
mepded because it is a compromise in terms of economic ;ffectiveness and
also of risk with respect to the success of the sprayiné operations
themselves. Iﬁdeéd, recent spraying operations show thét spraying two
years in a row (option 7) provides more protection thanfthe same number
of spraying operations with a time interval between them. Furthermore,
according to options 3 and 6, there is too much risk if;the sﬁraying

operations made every third year are not technically successful.

For the current program of aerial spraying against spruce

budworm in the province of Quebec, it is recommended thét option 7 be
followed, which prescribes spraying specific areas for ;wo successive
yvears followed by two years with no treatment. The areas iﬁclude all
softwood and mixedwood stands that have been subjectedjto one year of

severe defoliation prior to the first year of treatment} This option
|

is ecoﬁomically and biologically acceptable since the point of no

return is attained after three years of severe defoliation.
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Even though this study considers only the value of timber
saved, it constitutes a starting point to more detailed studies where

other criteria including social and aesthetic aspects should be consi-

dered along with economic values.
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