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Abstract

Unecontrolled spruce budworm infestations can cause
substantial losses of spruce-fir. With this program, & hand
calculator can compute the net present worth and
composite rates of return of control investments, before
and after taxes. A worked-out example is given. If input-
output forms are prepared in advance, as suggested, the
calculator can be used without a printer in the field to
generate on-the-spot estimates.

Note:

The computer program described in this publication
is available on request with the understanding that the
U.S. Department of Agriculture cannot assure its
accuracy, completeness, reliability, or suitability for any
other purpose than that reported. The recipient may not
assert any proprietary rights thereto nor represent it to
anyone as other than a Government-produced computer
program.

Mention of trade, firm, or corporation names in this
publication is for the information and convenience of the
reader. Such use does not constitute an official
endorsement or approval by the U.S. Department of
Agriculture or the Forest Service of any product or ,
service to the exclusion of others that may be suitable.



A Program {or Yvalusting the Beonomic
Ei’ fectiveness of Spruce Budworm Control
with a Programable Hand-held Celeulator

Robort Marty

What this Progrem Does

Purpose. This program estimates the geonomie
effectiveness of spruce budworm control, in individual
stands or control dlocks, by comparing the value of Lmber
saved with control costs. 1t is designed to help forest
managers and pest control specialists o identify those
parts of an owooership where control benefits outweish
control costs,

The prograem deseribed here was developed for we
on & TI-59 poaket ealeulator, but can be userd with
appropriate modifieations on any comparable
programmable calealator. Program eards are available
from the suthor, Robert Marly, Greentree Consultants,
Ine., P.O. Box 27125, Lansing VI 48905, or from Daniel
Setimitt, Northenstern Porest Experimont $tation, 370
Reod Rd., Broomall, PA 19008,

Applicabiiity. This program csn be applind
appropriately in the following circumstaneos:

== when an objective of management 13 commergisd
timber production

-~ when defoliation by spruce budworn has
aoeurred for 2 or more consecutive years

~  when harvest 5 not possible doring the next 7 to
G years pecaust the stand is below merchantable
size, or boeesuse markets are poor

-~ when an approved method of control exisis and
its application is feasible.

This program may be used both for public and private
ownorships,

Inputs reauired. The following estinates are needed
as program inpul:

wthe number of years until the stand will be
harvested

- fulf-stocking harvest volume

~ the proportion of stand area cceupiod by fir

-~ the proportion of stand srea cecupred by spruce

- the proportion of {ir volume which wili be lout
without eonrol

-~ the proportion of sprace volume which will be
toat without contro}

— the aeeeptable or guiding rete of return on
control investments

- the anticipated stumpage price for fiy

~ the anticipated stumpage price for spruge

- the proportion of income accruing (o the ownar
after taxes

— the proportion of cest incurred by the owner
afler taxes

e nummber of years to each anticipated

ratment .
ii:; ~ost of each anticipated treatment

Outputs provided. The program outputs the
following e id rreates:
fig harvest wvolume without control
- ApTUCE narvest volume without control
fir harwest volume saved by eontrol
e ApTUCE narvest volume saved by control
- e Clisoounted value of treatment costs
v the wplue of volume saved at harvest
- the dhincoounied value of volume saved
- the net present value of control
i raate of return to eontrol

- the Dyr-eal—even pereentage.

An Hhgtretion of Analysis

stand cdamta inpuls. Consider the following situation.
udworm conterol is under consideration for a stand where
52 pereent of the stand area is occupied by fir and 8
pereent by sprucee.  The stand is seheduled for harvest in
1% years when spruace-fir yield on fully stocked acres will
b A0 }‘,‘Of{%&'n if brudworm is not controlled we anticipate a
loss of 75 perorvent of fir harvest volume, and 10 percent of
spruge barvest wvolume.

) ‘vagumﬂ estirmates, The program caleulates that
;M{ fhwtxfnsé worm control, harvest volumes will average
p.v eoral per mare of fir and 3.3 cords per acre of spruce.

Lonteol will smver mn additional 15.2 ecords of fir and 0.3
cords of spruce Der acre.

solon if?i%qi%ﬁw Four percent has been
tho iatiation p&tm;nlmum real rate of return (rate above
Anticipste ‘151&‘{ {@h‘ accepta.bie for control actions. We
increase mode s g < real price of pulpwood stumpage will
for fir and $10 oy uring the next 15 years to $7 per cord
ownership e é zt' <@ord for spruce. Since this is a publie
to tax ef‘?mm ; x.»gre no reductions in costs or incomes fjue
be NECEsSArY §rm rﬂej expect that a control treat{nent will
or the BVeragre i“f“ di’ ately, and then at 2-year intervals,
55 por nere, nrye {ftli harvest. Treatment now costs about
< 3E net expected to increase in real terms.

Yilige g

R rofit estimates. The program
trestments is $a3p ﬁé gwcounteé vaiue of the eight control
the volume Saw e “‘b ¥ per acre, that the value at harvest of
that the d SUOLNE @ ¥ control will be $109.87 per sere, and
thest 28U mat ey !:hd value of that income is $61.01. From
net present value o, Program further esleulates that the
©f control is $30.12 per acre, that the

i



rate of return to control is 8.8 percent, and that the
control investment would still earn the minimum
acceptable rate of 4 percent if stumpage prices were 51
percent of those expected. Figure 1 shows the printer
output for this program, and Table 1 contains a glossary
of printer output symbols.

Table 1.—Glossary of printer output symbols.

YRS — The number of years until harvest
MAX — The spruce-fir yield per fully stocked acre
of harvest, in cords
%F — The proportion of stand area occupied by
fir, percent
%S — The proportion of stand area occupied by
spruce, percent
-%F — The proportion of fir harvest volume which
will be lost without control, percent
-%S — The proportion of spruce harvest volume
which will be lost without control, percent
INT — The minimum acceptable or guiding rate of
return to control, percent
P/F — The price of fir stumpage expected at
harvest, dollars/cord
P/S -—— The price of spruce stumpage expected at
harvest, dollars/cord
ATI% — The proportion of income that accrues to an
owner after tax effects, percent
AIC% — The proportion of cost that is borne by an
owner after tax effects, percent
YEAR — The number of years until a treatment
oceurs
COST — The cost of treatment per acre protected,
dollars
EPVC — The sum of the present or discounted values
of each treatment, dollars/acre
ATI — The amount of after-tax harvest income
added by control, dollars/acre
PVI— The present or discounted value of ATI,
dollars/acre
NPV — The net present value of control = PVI -
IPVC, dollars/acre
CRR — The rate of return earned by the control
investment, percent
BEP — The break-even percentage

BUDWOREM COMTROL

15,

4,

S LE- L3

e,

10,
a0 FIR
=P ZFE
15.2 +F
(EIE +5
4. IMT
T 0 FAF
1. ao Fas
100, ATIx
1000, ATCH:
. TYEHRM
5. 00 CO=T
Ca YERE
PRI CO=T
4. YEAR
S, a0 COsT
Eia YEHR
T, 0 CO=71
= TEAR
T. 0 CO=sT
1. YERR
S, 00 COsT
12 YERR
S. OO COosT
14, YEAE
=, 00 COsT
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109, &7 ATI
i, 01 FYI
SO 12 HEY
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O. 51 BEEP

Pigure 1.~Printer output for

the illustrative analysis.



How to Hun this Program
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, with binnk boxes, is reproducoed on the
eopy of 11 when vou want to do an
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Bank cover,
analysis,

ail, This sertion tells yoir exactly what

% dotmg eneh time yoa input dat autput
restilis, It provides the {ormulay wsed 1o ealeulate outputs
from input data, gives paidar i developing fapmits, and
provides interprotations of gidpta.

28 G

Doing an annlysis, Make o copy of the input- Output
Cuide and enter tf it for inputs in the appropriste
bBoxes. Follow the gulde in sntering inpuls and oripatting
results, Heeord resulls in the appropriste boxes in the
"output” column i you are net using a printar,

Program Detatl

ineation

- . 3
keys prossedl/ Explans Hspluy L/

= STE {1 ENTER AND INITIALIZE PROGEAM v

2, 2nd OF, 17 Partitions memory us
required by this program
inte BOO program locations

and 20 data registers.
1 Rend program card, side | 1.
4 Read program esrd, side 2 Z.
3 Hend proygram card, side 3 4.

A program card side has been entered when itg
number appears in the display. If a flashing zero appears
instead, clear it by pressing CF and re-enter the side.
After the program is entered do the Hlustrative problem
and make sure you can reproducs the indicated outpul
values. This helps to assure you that the program is
entered correctly in memory.

ong A Resets program pointes Lo i
0040, prints tithe, olears
clate rogisters and disg

L Data, inpul and display values are from the

jHustrative snalysis just given.
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INPUT-QUTPUT GUIDE

:

Explanation Outpu
STEP 9. ENTER AND INITIALIZE PROGRAM

2, 2nd OP,17

Partitions memory as required
Read cards, three sides

A Starts program and prints title
STEP 1. INPUT STAND DATA
(75> R/S Years to harvest
R/S Full-stocking harvest volume, cds/acre
R/S Area occupied by fir, percent
CZ) R/S Area occupied by spruce, percent
CZZ7) R/S Fir volume loss, pereent
R/S Spruce volume loss, percent
STEP 2. OUTPUT VOLUME ESTIMATES
B Fir volume without eontrol, cds/acre
R/S Spruce volume without control, eds/acre =D
R/S Fir volume saved by control, eds/acre
R/S Spruce volume saved by control, cds/acre
STEP 3. INPUT ECONOMIC DATA
C Guiding rate of return, percent
z25) R/S Fir stumpage price, $/cd
R/S Spruce stumpage price, $/cd
R/S After-tax income percent
/2 ) R/S After tax cost percent
R/S Years to first treatment
R/S First treatment cost, $/acre
Repeat year and cost inputs for other treatments
STEP 4. OUTPUT COST, VALUE AND PROFIT ESTIMATES e
E Diseounted value of treatment costs, $/acre
R/S Value of volume saved at harvest, $/acre
R/S Discounted value of volume saved, $/acre
R/S Net present value of control, $/acre
R/S Rate of return to control, percent Cz2)
R/S Break-even percentage

Figure 2.—Spruce budworm control economies program



Program location
keys pressed Explanation Display

R STEP 1. INPUT STAND DATA~——— eran

046 15, R/S Enters into display, stores, 15.
and prints the number of
years until harvest.

(63 46,R/S Enters into display, stores, 46.

and prints full stoeking
volume at harvest, in
cords per acre.

Literature cited lists four sources of yield
mformation for spruce-fir: Meyer's {1929) normal yield
tables for red spruce, white spruce, and balsam fir in the
Northeast; Westveld's (1953) empirical yield tables for
spruce-fir in the Northeast; Gevorkiantz and Olsen's
(1950) yield tables for upland balsam fir in the Lake
States; and Bowman's (1944) spruce-fir yield tables for
northern Michigan. Use these sources to estimate full
stoeking volume at harvest if you do not have an
estimator of your own that you prefer.

082 52,R/S Enters into display, stores 0,52
and prints the proportion
of stand area occupied by
balsam fir, in percent.
Entered as a whole number
and stored as a decimal
fraction.
104 8, R/S Enters into display, stores 0.08
and prints the proportion
of stand area occupied
by spruce, in percent.
Entered as a whole number
and stored as a decimal
fraction.

Most spruce-fir stands are not fully occupied by
spruce and fir, but will have openings and areas occupied
by other vegetation. For example, forest survey data for
Wisconsin (Essex and Hahn 1976) show that only 54
percent of the volume on survey plots typed as spruce-fir
was of those species. Hemlocek, pine, and larch may also
be defoliated by the spruce budworm. If any of these
species is being defoliated, include its stand area with the
spruce.

126 75, R/S Enters into display, stores  0.75
and prints the proportion of
balsam fir harvest volume
whieh it is anticipated will
be lost without budworm
control, due both to growth
loss and unsalvaged mortality,
in percent. Entered as a whole
number and stored as a deeimal
fraction.

150 18, R/S Enters into display, stores  0.10

and prints the proportion of

the harvest volume for spruce

and other suseeptible species

whieh it is anticipated will

be lost without budworm

eontrol, in percent. Entered

as a whole number and stored

as a decimal fraction.

Estimates of losses due to budworm infestation are
uncertain. Some of the available information on loss is
presented in the Appendix, to help you make a judgement
about what level of loss to anticipate. It is appropriate to
repeat your anslysis using several different loss
estimates.



Program loeation

keys pressed Ixplanation

175 B

Caleulates, prints and 5.95G
displays the volume of '
halsam fir at harvest
without control, in
cords per acre,
This estimate is caleulated aceording to the
following formula:
FIR = MAX(%F) 1 - (~%) {see Table 1)
For the illustrative example the eslevlation
becomes:
FIR = 46(.52X1 ~ .75) = 5.98 cords/acre.
211 R/S Caleulates, prints and .41
displays the volume of
spruce at harvest without
control, in cords per acre.
Caleulated as above.
245 R/S Calculates, prints and 15.249
displays the volume of
balsam fir that will be
added to harvest volume if
budworm control is under—
taken, in cords per acre.
This estimate is calculated according to the
following formuta:
+F = 0.85(MAXNY%FH-%F)
Por the illustrative example the caleulation
becomes:
*F = 0.85(46)(.521.75) = 15,249 cords/acre.
279 R/S Calculates, prints and 0.3128

displays the volume of

spruce that will be added

to harvest volume if

budworm control is undertaken,
in cords per acre.

Calculated as above.

—STEP 2. OUTPUT VOLUME ESTIMATES o

Barvest volume estimates in this program assumg
clearcutting at hﬂI’AVGSf and &I‘ﬁi‘stati}d m terms Ufng‘i)i“{?ﬁ
per pore. Conversion factors given in ﬁuxe Appendix may
be used 1o convert cords ta other measures of output
whare sppropriate. This program fhoum not be used
wherg partial or selection harvests are planned,

‘The culeulations for the volume that can be saveq
by control assume that 85 percent of the volume whien
wWill be lost to HUdworm infes‘ca’tsou can be gaved Dy
control. i control experience in the situation under
analysis differs substantially from this, reprogram
program locations 258-9 and 292-3.

Program loon{ion

i e Explanation Display
SHTEP 3. INPUT ECONOMIC DATA~—om e,

1t 4,0 Enters into display, prints 1.04

and stores the guiding, or
minimum acceptable rate

of return to controt
investments. The guiding
rate is entered as a whole
number and stored as one plus
the interest rate expressed

as a decimal fraction.

Tha guiding rate of return should be sclected
carefully to rofloet the best alternale use of investimnent
funds., The rute of interest may be a nominal rate or &
eeal rate. A nowninal rate of return ineludes the
anticipated inflation rate, while the real rate does not.
Thus, if the minimum acceptable rate of return to control
investments is 4 percent above the inflation rate, and an
S-percent inflation rate is anticipated, then the real )
guiding: rate is 4 pereent and the nominal guiding ratie is
given by: 1.04(1.08) = 1.1232 or 12.32%. It is usually
stmpler o use @ real guiding rate and to express costs and
ineomes in constant dollars. If & nominal rate is usad
infiated {or deflated) costs and prices must be used &s
well
343 7 R/S Enters in display, prints
and stores the fir stumpage
price anticipated at harves{,
in doliars per cord.



364 14, R/8 Enters in display, prints 10,
and stores the spruce

stumpage price anticipated

at harvest, in dollars per cord,

The prices enlered above should refleet the mix of
products anticipated and, in the case of spruee price, the
welghted average price of all susceptible spesies ineluded.
For example, if half of the spruce harvest will be
pulpwood selling for $10 per cord, and the other half will
be sold as sawtimber at $80 per Mb{, then converting the
sawiimber value 5 a cord bagis at 450 bd. 1, per cord
gives $36.00 per cord for the sawtimber portion, and an
average price per cord of 310,00 + $36.00 /2 or $22.00
per cord,

385 100, R/S  Enters into display, prints 1.
and storgs the proportion

of a revenue which is

retained by the owner after

income tax effects, in

percent. bntered as a whole
number and stored as a decimal
fraction.

411 100, R/S  Enters into display, prints 1.
and storos the proportion of

an expenditure whieh remains

after income tax effects, in
percent. Entered as a whole
nurmber and stored as a decimal
fraction.

Enter 100 percent for both revenues and
expenditures when the stand being analyzed is in publie
ownership. If the stand is privately owned, then the
appropriate percentages must be ascertained from the
owner, since different owners are in different tax
circumstances.
440 0, R/8 Enters into display, prints 0.
and stores the number of years
until the first control treat~
ment will be applied to the
stand.

459 5,R/S Enters into display, prints 5.
and stores the before-tax

cost per acre protected of the

first treatment, in dollars per

acre, Computes the discounted
value of the after-fax cosi.

Ropent the year and cost entries for each expected
treatment. Use zero for the year of first treatment when
that treatment i expectedin less than 1 year. If controt
is applied to an area larger than the stand area, compute
aost per sere by Cividing the total cost of the treatment
ny the numnber of acres in the stand. In this way both
eosts and benefits will be expressed ss an average number
of dollars per acre contained in the stand. Discounted
values of costs are calculated by the formula:

Ve = ost (ATCH%)/(1+INT) Y ear

in the illustrative anslysis the diseounted value of
the second year cost ist

Ve = 5010310002 = $4.62.

The present values of the after-tax treatment costs
are summed in a cdata register as they are computed.

Lrogram location

keys o : Explanation
STEP 4. OUTPUT COST, VALUE AND

Display

- PROFIT ESTIMATES

502 134 Prints and displays the 30.88...
sum of the discounted
values of all treatments,
in dollars per acre.

525 R/E Caleculates, prints and 109.871

displays the after-tax value
at harvest of volume saved
by control, in dollars

per acre.

This caleulstion is made using the following
formula:

ATE = ATI% (+F)P/F) + (+8){P/S)
Inn the Hlustrative analysis this calculation is:

ATI= 1.00 (15.249)(7.00) + (0.3128)(10.00) =
$109.87

372 R/S $9.00...

Caleulates, prints and
displays the diseounted
value of harvest volume
savings, in dollars per
acre,



The discounted or present value of after~tax harvest
income saved by control is given by:

PVI = ATIA1+INT)Years

For the illustrative analysis the present value of
income becomes:

PVI = 109.87/(1.04)15 = $61.01

604 R/S Calculates, prints 30.11...
and displays the net
present value of control,

in dollars per acre.

Net present value is defined as:

NPV = PVI - PVC
For the illustrative analysis NPV is given by:
NPV = 61.01 - 30.89 = $30.12

When net present value is positive it indicates that
the control opportunity earns more than the guiding rate
of return and thus is acceptable from the finanecial point
of view.

631 R/S Caleulates, prints and 8.82...
displays the rate of

return to control, in

percent per year.

Rate of return is caleulated aceording to the
following formula:

CRR = YRS AT/ PVC -1
In the illustrative analysis CRR is given by:
CRR =15 109.87/30.89 -1 = 8.8%

This rate of return is the composite rate of return
and is consistent with the net present worth measure of
effectiveness. CRR indicates the average rate of return
to the investment in control and can be compared directly
with the guiding rate. Any control opportunity with a
CRR larger than the guiding rate will also have a positive
NPV. CRR can be used to rank control opportunities.

671 R/S Caleulates, prints and 0.506...
displays the present

value of costs as a

percentage of the present

value of income, called

the break-even percent.

Break-even percent is given by the following
formula:

BEP = PVC/PVI
In the illustrative analysis BEP becoines:
BEP = 30.89/61,01 = 0.51

The BEP in this case indicates that even if incomes
from control are only half of those expected, or costs are
twice those expected, or any equivaient combination of
the two, the control investment will still earn the guiding
rate. BEP is a measure of the safety margin against an
unseceptable outcome.

700 Program ends.

DATA REGISTERS

00. Full stocking volume at harvest-—cords per acre

01. Percent area occupied by fir—stored as a decimal
fraction

02. Percent area occupied by spruce and other
susceptible species—stored as a decimal fraction

03. Percent of fir harvest volume that will be lost to
budworm-stored as a decimal fraction

(4. Percent of harvest volume of spruce and other
susceptible species that will be lost to budworm—
stored as a decimal fraction

05. Fir volume saved by control—cords per acre

06. The volume of spruce and other susceptible species
saved by control—cords per acre

07. The guiding rate of interest—stored as (1+i)

08. Time to harvest—years

09. Price of fir stumpage at harvest-dollars per cord

10. Weighted average price of spruce and other
susceptible species at harvest—dollars per cord

11.  After-tax income as a proportion of before-tax
inecome--stored s a decimal fraction

12. After-tax cost as a proportion of before-tax cost—
stored as a decimal fraction

13. Time until treatment j—years

14, Cost of treatment j—dollars per acre protected,
before taxes

15. Present value of treatment j—dolars per acre
protected, after taxes.

16. Sum of the present values of all treatments—dollars
per acre protected, after taxes

17. After-tax additional income at harvest due to
control—dollars per acre

18. Present value of added income—dollars per acre

19. Intermediate calculations
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Appendix

Estimates of Volume Loss

Volume loss estimates are uncertain at best. The
data presented in Tables 2 and 3 indicate the degree of
mortality that can be expected as the result of an
uncontrolled spruce budworm infesiation which continues
for 5 or more years. The locstion, frequency and severity
of budworm infestation eurrently is not predietable.
There have been 10 major spruce budworm infestations
since 1904, giving an average {requency of one infestation
every 25 or 30 years in some part of the range of the
spruce-fir type in eastern North America.



Table 2. Mortality relgted to spruce hudworm—FEastern Canada

Stand age Fir and speuce f nasal ares ki
' B sSpruce Poreon basal aresa killed
years) smeami; ercent ol 1 i
percent of total) Fir Spruce
60 or more 80 or maore ug
31
Less than 80 76
Less than 60 59 16

Source: MacLean (1980),

Table 3. Mortality related to spruce budworm—NMinnesota. In pereent of fir
basal arca Killed

Basal area

of other Balsam fir basal ares (112 per aere)

Species 20 40 60 80 100 120

(percent)

0 75 84 i 91 93 93

10 55 T 83 KB 84 90
20 35 65 T 81 84 7
30 15 55 GR 76 a4 83
40 45 62 71 76 79
50 35 55 65 72 76
60 22 48 60 68 72

Table 4. Product conversion {actors: HEguivalents of 1 cord of wood plus bark

[)bhg—/ Cubice fect Tatal International
of solid wood cubie {eet Rule
of stumpage board feet
gm 77 167 -
gn 84 } m 250
gn a7 107 450
Lo a0 e 550
12 g% L& G40

Source: Bowman {1944).

a/ Dbh elasg of tree of average basal area for all trees 3.5 inches dbh and Jarger.



Input

INPUT-QUTPUT GUIDE

Explanation Cutput
STEP (. ENTER AND INITIALIZE PROGEA Mmoo

2, 2nd OP,17

Partitions memory as required
Bead cards, three sides

A Starts program and prints title
STEP 1. INPUT STAND DATA o s s ot s s
T R/S Years to harvest
{ > R/S Full-stocking harvest volume, cds/acre
{ Y R/S Area occupied by fir, percent
"5 m/s Area occupied by spruce, perceent
C Y R/S Fir volume loss, pereent
C__. O R/ Spruce volume loss, pereent
e STEP &, QUTPUT VOLUME ESTIM AT LR oo s s s e s
B Fir volume without control, eds/acre G
R/S Spruce volume without control, eds/acre T
R/8 Fir volume saved by eontrol, cds/acre Ty
R/S Spruce volume saved by control, eds/acre T
STEP 3. INPUT ECONOMIC DATA - —— -
™™ C Guiding rate of return, pereent
{ Yy R/S Fir stumpage price, $/ed
C__ D R/S Spruce stumpage price, $/cd
{ > R/S After-t{ax income percent
( 3 R/S After tax cost percent
. R/S Yesars to first treatment
3 R/S First treatment cost, $/ucre
Repeat year and cost inputs for other trestments
- STEP 4. QUTPUT COST, VALUE AND PROFIT ESTIMATE S~
E Discounted value of treatment costs, $/acre 2
R/S Value of volume saved at harvest, $/acre (;:.mﬁw>
R/S Diseounted value of volume saved, $/acre D
R/S Net present value of control, $/acre -
R/S Rate of return 1o eontrol, percent .,
R/S Hresk-even percentage —

o UG, GOVERNMENT PRINTING OFFICE 1884.~705 023025



