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ABSTRACT

A method of calculating immediate and future losses caused by the
gypsy moth is presented, using examples of pulpwood and sawtimber
stands. Discounting of future losses to evaluate their cost in terms of
current expenditure is explained. The effect of infestation on forest
anar.xa‘gement is discussed and a format is given for considering control

ecisions.



INTRODUCTION

CONOMIC EVALUATIONS are prereq-

uisite to sound forest insect manage-
ment decisions. In the past, many insect con-
trol decisions have been made without suffi-
cient economic analysis. The value of insect
suppression may be reflected in the form of
dollars, job opportunities, aesthetics, or other
benefits. This paper presents an approach that
the authors employed in evaluating timber
product loss from gypsy moth defoliation.

The model provides a vehicle for evaluating
local opportunities for gypsy moth control
using appropriate economic inputs e.g., treat-
ment costs, return values and discount rates.
Case studies showing the application of the
method in pulpwood and sawtimber stands are
presented. We also explain how uncontrolled
gypsy moth infestation can limit timber man-
agement decisions.

METHODOLOGY

Estimation of stand value loss requires the
following basic data: time dimension, extent of
damage, and stand value. The time dimension
establishes whether the losses we are dealing
with are immediate or in the future. Immediate
losses are evaluated by direct calculations using
today’s costs and values on existing merchant-
able timber. To calculate future losses we re-
quire information or assumptions about future
growth rates, timber products, timber values,
interest rates, and recurring defoliation.

Many times the most difficult part of an
economic analysis is obtaining estimates of the
extent of the damage. In many instances these
estimates are divided into general categories.

For example, a certain insect may kill a speci-
fied percentage of white oak trees, but only
the low viggr white oak trees may be killed.
The best estimates of value are obtained when
the damage estimates are as specific as possi-
ble about the nature of the damage and the
kinds of trees involved.

Forest stands are valued for many reasons.
Some areas are important for timber produc-
tion, other areas are valued for wildlife or sce-
nic beauty, while still other areas have recrea-
tion values. Any of these values could be used
in an economic analysis if the value is quanti-
fiable. To estimate stand value loss we must
be able to define and quantify the value that
may be lost and determine how the lost value
affects the residual value both now and pro-
spectively.

The possibility exists that part of the value
of trees lost will be compensated for by in-
creased growth of the remaining trees. This
factor has been ignored in the following exam-
ples. We also ignore retardation of growth in
trees not killed by defoliation.

Immediate stand value loss for timber prod-
ucts is calculated as follows: Value loss for
each class of trees (the same species, diame-
ter, merchantable height, and quality) equals
the mortality rate for that class times its total
value. Total stand value loss is the sum of the
losses in each class.

Some of the value loss may be recovered if
the trees lost are merchantable and may be
marketed immediately. The merchantability
and market conditions for dead trees vary by
locality, therefore for simplicity we have not
included this value in our examples.

For the future loss calculations, the number
of years until harvest must be estimated. The
harvest age may be derived from tree growth
rates and merchantability standards. Esti-
mates for the value of the harvest and the per-



centage loss are required. The basic formula
for the future stand value loss is as follows:

Formula 1. Future stand value loss in
terms of current dollar values.

Expected value loss = harvest value X
mortality rate.

Discount expected value loss to obtain a
measure of the amount of money which,
if invested now at the specified rate of com-
pound interest, would equal the expected
loss when the stand reaches harvest age.

Value loss in current dollars
expected loss

TG
where: 1 = interest rate
n = number of years until harvest

Most stands are too large for us to have in-
formation on every tree, therefore sample in-
formation that is representative of the whole
stand must be taken. The sample information
should be averaged and then multiplied by the
proper sample-to-stand ratio to arrive at total
stand value loss.

Case Study | - Calculating Immediate
Loss in a Pulpwood Stand

Our first case study examines a pulpwood-
size stand to determine the loss that would be
caused by one year of heavy gypsy moth de-
foliation. Campbell and Valentine (I) have
developed estimates of tree mortality based on
defoliation histories and tree characteristics.
We used the percentage tree mortality expected
over a three year period (N--3) after one
year of heavy defoliation (H). This percen-
tage is most likely to include all the tree mor-
tality that will result from one heavy defolia-
tion.

Individual tree data were taken from 26
1/10-acre fixed plots. The tree data were sum-
marized and averaged by plot (table 1). Data
required to use the mortality tables included
tree species, dominance class (dominant, in-
termediate, or suppressed), diameter class,
and crown condition (good, fair, or poor).

The immediate loss is calculated by multi-
plying the total pulpwood volume, as deter-

mined from volume estimates, times $2.50 per
cord,! times mortality rate, as determined
from Campbell and Valentine. The average of
the immediate loss values (table 1) —%4.65—is
the loss per acre that may be expected by the
third year after one year of heavy gypsy moth
defoliation.

Case Study Il — Calculating Future
Loss in a Pulpwood Stand

For the future pulpwood loss we must esti-
mate the harvest tree size and the number of
years needed to reach that tree size in addi-
tion to the data collected for the immediate
loss. We used 12 inches d.b.h. as harvest size
for the pulpwood trees. Increment cores for
establishing the average growth rate were ob-
tained from sample trees. The number of years
needed to reach harvest size is determined by
multiplying the expected harvest tree size (in
inches d.b.h.) times the number of years
needed to grow one inch in diameter. For our
case the calculations were completed as fol-
lows:

Average number of annual rings in 1 in.
radial growth: 18.3

Average number of years to grow 1 in. in di-
ameter: 9.15

Assume the average tree size at maturity to

be 12.0 inches .". 12.0 x 9.15 = 110 years
for harvest

Present age of stand: 60 years

Years remaining to maturity: 50

The value at maturity requires an estimate
of the average merchantable volume at matu-
rity. For simplicity, we will assume the pulp-
wood values to be constant over time. The ma-
turity value is then multiplied by the percen-
tage of volume lost to obtain the value of the
loss. This loss value should be discounted to
arrive at a figure in terms of today’s dollars, as
shown below.

Average merchantable volume at maturity:

Average d.b.h. = 12.0 inches

Average merchantable height at maturity

— 32 feet

*Pulpwood values based on $2.50 per cord and 90
cubic feet per cord were used for value estimates.



Table I.—Pulpwood value loss

Number of N Immediate
trees Average Pulpwood Mortality” value
Plot per plot dtf)eﬁ value loss loss per
(1/ 10 acre) .D.n. per acre acre
Number Inches Dollars Percent Dollars

1 48 5.7 36.80 7.6 2.80
2 33 6.7 43.26 9.0 3.89
3 19 6.9 23.50 9.0 212
4 40 5.9 32.86 12.0 3.94
5 38 6.3 44 .96 13.0 5.84
6 31 6.7 40.40 9.0 3.64
7 24 74 43.76 10.0 4.38
8 22 7.5 44.46 7.0 3.11
9 23 6.7 32.36 13.0 4.21
10 20 6.6 28.80 10.0 2.88
11 20 7.5 40.70 8.0 3.26
12 26 7.6 59.36 8.0 4.75
13 22 7.2 54.10 4.0 2.16
14 32 5.9 30.80 8.0 2.46
15 48 6.0 44.80 18.0 8.06
16 59 54 36.60 16.0 5.86
17 47 5.7 35.80 18.0 6.44
18 23 74 43.30 11.0 4.76
19 41 6.4 49.70 17.0 8.45
20 30 6.8 46.80 8.0 3.74
21 20 6.7 34.56 13.0 4.49
22 25 7.0 40.10 8.0 3.21
23 21 7.8 41.70 16.0 6.67
24 21 8.0 46.96 10.0 4,70
25 24 9.0 63.46 8.0 5.08
26 25 9.2 68.96 15.0 10.34
Average 30 6.7 42.64 10.9 4.65

*Pulp values calculated at $2.50 per cord and 90 cu. ft. per cord. . )
"Mortality rates adapted from Tree Condition and Mortality Following Defolia-

tion by the Gypsy Moth by Robert W. Campbell and Harry

Average merchantable volume from Schnur’s
(7) volume tables =~ 12 cu. ft./tree
Average number trees per plot — 30
Average number trees per acre = 300
Average merchantable volume at maturity:
300 trees x 12 cu. ft./tree = 3,600 cu. ft.
3,600 cu. ft.

90 cu. ft. /cd.
Value at maturity:
40 cd. x $2.50/cd. = $100.00
Value loss due to gypsy moth:
Expected mortality rate due to one heavy
defoliation = .109
$100.00 x .109 = $10.90 per acre
expected loss
(14i)»
Discounting period (n) = 50 years
Interest rate (i) = 5 percent
$10.90

11.4674

— 40 cd.

Discounted value:

— $0.95 per acre.

. Valentine.

Thus, for this particular example, $0.95 per
acre is the amount that could prudently be
spent on control measures if it eliminated all
the expected mortality. It would give the same
rate of return as putting the money in a bank
at 5 percent compound interest.

If we knew the amount some control meas-
ure would cost per acre, and its effectiveness,
we could determine what the rate of return
would be if the control methods were applied.
For instance, in this example, if the control
method cost $10.90 per acre and were 100 per-
cent effective, the rate of return would be zero.
If $2.00 per acre were the cost of control, the
rate of return would be determined as follows:

$10.90
$2.00

Looking up 5.4500 in compound interest ta-
bles for 50 years, we find the rate of return
very close to 3.45 percent.

= 5.4500



Case Study Il - Calculating Immediate
Loss in a Sawtimber Stand

The immediate sawtimber losses were calcu-
lated in the same general way as immediate
pulpwood losses, but the details of the calcula-
tion are different. To obtain a value estimate,
we must estimate the quality of lumber that
may be sawn from each tree. This may be
done by using log grading techniques (6). For
our sawtimber examples, immediate and fu-
ture, we used sawlog values developed by J. J.
Mendel.? His sawlog values were calculated
by subtracting from the estimated standing
tree values for grade lumber all direct costs of
converting the tree into lumber. For some
trees the conversion cost was higher than the
standing tree value, which resulted in some
negative sawtimber values.

The immediate sawtimber value loss per
sample plot in this case is $15.08. As these
sample plots are 1/5 acre, this value multiplied
by five represents the immediate loss per acre
that may be expected from one year of heavy

Case Study IV - Calculating Future
Loss in a Sawtimber Stand

Prediction of harvest value for a sawtimber
stand requires consideration of volume, qual-
ity, and future value. Projecting sawtimber
quality into the future is hazardous, but a re-
cent study by McCay and DeBald (5) devel-
oped a method for projecting quality changes
by using probabilities. The probabilities were
based on the changes that had occurred in a
sample area over the last 10 years (fig. 1).

Three projections were made—high, ex-
pected, and low. The high projections repre-
sent what the trees would be at harvest if all
of them developed as did the upper 10 percent
in the frequency distributions. The low projec-
tions use the lowest 10 percent. The expected
projections used the median of the probability
distributions.

Each tree in the sample plots was evaluated
according to the following example:

Present Characteristics

. - White oak
g(ifpgly I;;) th infestation ($15.08 x 5 = $75.40) Diameter breast high — 14.6 inches
able 2). Merchantable height — 32  feet
Butt log grade - 3
*Joseph J. Mendel. Unpublished.
Table 2.—Sawtimber plot information
Trees Average Sawtimber Expected Sawtimber
Plot per plot tree value mortality value change
(1/5 acre) d.b.h. per acre® loss” per acre®
Number Inches Dollars Percent Dollars
1 16 14.9 835.00 34.6 —288.90
2 12 13.4 10.50 33.8 — 3.55
3 22 13.1 550.65 25.7 —141.50
4 8 14.4 —10.05 9.0 + 90
5 13 114 144.50 26.0 — 37.55
6 15 13.8 453.75 19.5 — 88.50
7 17 18.7 387.80 29.3 —113.65
8 16 134 214.40 13.1 — 28.10
9 17 13.1 283.30 39.5 —111.90
10 21 10.8 115.90 23.9 — 27.70
11 28 9.7 —43.85 25.1 -+ 11.00
Average 17 13.3 267.44 28.0 — 75.40

*Sawtimber values from J. J. Mendel’s unpublished data, Columbus, Ohio. Nega-

tive value is due to conversion cost’s being higher than value returned.

"Mortality losses adapted from Tree Condition and Mortality Following Defolia-

tion by the Gypsy Moth by Robert W. Campbell and Harry T. Valentine.
“Two plots increased in value due to losing trees that had negative values.

4



CUMULATIVE FREQUENCY

Figure |.—Probability of changes in sawtimber tree character-

istics.
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From figure 1 the low projection would
have no change in d.b.h., no change in height,
and no change in quality. The high projection
would increase d.b.h. by 2.5 inches, increase
height by 8 feet, and increase quality by 1
class. The projections for this tree could be
summarized as follows:

Present Characteristics

D.b.h.  Height
(inches) (feet) B.l.g.
Low 14.6 32 3
Expected 16.1 32 3
High 17.1 40 2
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QUALITY CHANGE (CLASSES)

Once the projected tree characteristics were
determined tree values were applied and mul-
tiplied by the expected mortality (values were
held constant for the entire time frame). The
result is the loss that might be caused by the
gypsy moth. The plot values were summed,
averaged, and converted to a per-acre basis
(table 3). The per-acre values were discounted
to determine the value loss in terms of today’s
dollars (table 4). The discounting period was
10 years because this stand would reach matu-
rity in that time.



Table 3.—Future sawtimber loss per acre

s Value before Value after Dollar loss due
Projection gypsy moth gypsy moth to gypsy moth
Low $294.15 $218.75 $ 75.40
Expected 399.60 284.50 115.10
High 652.60 457.55 195.05

Table 4. —Future sawtimber losses per acre, discounted over 10 years

Discounting rate

Projection

3% 5% %
Low s = $5610 b — 54620 st = $38.33
Expected 113521;32 = $ 85.64 ‘1:{1652"“%%5 = $ 70.66 %.1956—% = § 58.51
High ‘11'3')3‘54"'(:;—3‘2‘ = $145.14 ’i‘%% = $119.74 %%%g‘% = $ 99.15

Impact of Gypsy Moth on
Forest Management Opportunities

As mentioned earlier, a forest may suffer
losses in one or more forms. One form of loss is

Table 5.—Pulpwood management loss

the restriction of forest management alterna-
tives.

Stocking percentage

Forest management altrnatives are the Plot Beforeth After 0
choices of techniques by which young stands 8YPSY mo i
are manipulated to produce mature stands % gg g‘li
ready for harvest. As a stand grows toward 3 51 47
maturity various timber management alterna- g gg gg
tives are available to the forest manager. The 8 80 73
choice depends on the stand characteristics at 7 72 66

. N . . 8 75 69
a given time. One guide for timber manage- 9 62 55
ment decisions developed by Gingrich (4) is %(1) gg ‘ég
based on stocking percentage. He classifies the 12 a8 a1
stocking level as follows: below understocked %Z §]8 gg
= less than 42 percent stocked; understocked 15 108 88
= 42 percent to 58 percent stocked; fully 19 igg gg
stocked == 58 percent to 100 percent stocked; 18 88 73
and overstocked — more than 100 percent 19 110 92
20 88 82
stocked. 21 61 54
After one year of heavy gypsy moth defolia- 22 75 62
. . . . 23 73 61
tion, the stocking level remained in the same 924 7 70
class for 77 percent of the pulpwood plots gg 15133 gg
(table 5). Twenty-two of the 26 plots were in
the class that fully utilized the site. Therefore, Average 84 74




we could still manage the area for timber pro-
duction without destroying the existing stand
and starting a new one. Our loss is the value of
merchantable pulpwood from any proposed
thinning operation. The value of the pulpwood
loss has been discussed earlier and manage-
ment flexibility is not an issue.

Examination of the sawtimber-size stands
reveals that four of eleven plots drop from un-
derstocked or better to below understocked
after one year of heavy gypsy moth defoliation
(table 6). (One plot is below understocked be-

Table 6.—Sawtimber management loss

Stocking percentage
Plot Before After
gypsy moth gypsy moth

1 82 48

2 57 35

3 88 40

4 40 25

5 42 30

6 68 46

7 120 82

8 69 50

9 71 48
10 62 38
11 68 48
Average 70 45

fore defoliation.) The management recommen-
dation for areas below the understocked level
is to clearcut and regenerate a new stand. Be-
fore this is done, we should consider other fac-
tors such as location of understocked plots,
market conditions, condition of remaining tim-
ber, value of stand as wildlife habitat, etc.
The average plot information indicates that
on the other plots the stocking level drops
from fully stocked to understocked after the
defoliation. Assuming no subsequent defolia-
tions, these stands should reach fully stocked
in 10 years. Therefore, the gypsy moth has
performed a thinning operation at a cost equal
to the value of the trees that might have been
marketed. The procedure for estimating the
value of this loss has been discussed earlier.

DISCUSSION

Because the forests are used for many
things, we must consider more than wood pro-
duction when trying to establish the value loss
caused by the gypsy moth. The importance of
the other uses will vary with the individual
forest, the type of damage and control meas-
ures, and the people setting priorities for the
forest. A format for listing and evaluating for-
est uses and alternative control measures has
been developed (table 7). More items of con-
cern and new control measures may be added
to assure a complete evaluation for a local for-
est.

The following abbreviated example indi-
cates how the table may be interpreted. (The
values used are hypothetical.)

Do nothing A

Probability

of success 59% 98%
Cost $0 $8/acre
Air quality No effect Effect
Water

quality No effect Effect
Soil No effect Effect
Resource

values Lose $80/acre Lose $2/acre
Federal - Banned

Control measure A was the application of
DDT and if we ignored the federal ban and
were willing to accept any consequences to the
soil and water, then DDT is a feasible alterna-
tive when compared to the do-nothing alterna-
tive. But DDT is banned, which eliminates it
from consideration, and the do-nothing alter-
native may then be compared with other alter-
native control measures.

SUMMARY

Basic information required for an economic
evaluation of the effect of defoliation on trees
is time frame, damage caused, and values.
Time frame establishes whether we are dealing
with the present or the future. Direct calcula-
tions can be made for the present; calculations
for the future require some predictions about



Table 7.—Format for evaluating the impact of alternative gypsy moth
control measures

Ttem of concern

Do Alternative control measures
Nothing A B C D E

1. Program factors
Prob. of success
Cost

2. Environmental factors
Air quality
Water quality
Soil

0
Temp. & humidity
Noise
Flora & fauna

3. Socio-Economic factors
Resource values
Access
Ethnic & cultural values
Ownership responsibility
Management alternatives

4. Political
Local
State
Federal

changes that may occur during the time before
harvest. These changes involve growth rates,
quality measures, interest rates, price varia-
tions, mortality estimates, etc.

The damage caused by the defoliation de-
termines how great any loss will be. Some
trees are lost because of one heavy defoliation.

Applying economics to a problem requires
some measure of value. Trees have many val-
ues to various people; these values must be de-
fined and measured before they can be used.

These principles were applied to a pulpwood
and a sawtimber stand subjected to one year
of heavy gypsy moth infestation. For these ex-
amples, the final loss values represent what a

prudent owner could spend to protect his for-
ested area from one heavy gypsy moth defolia-
tion. All the dollar values presented in our
sample calculations are not recommended for
other forested areas; conditions, markets,
prices, and objectives may be different. We
suggest that you use proper methods to arrive
at values for your area.

Another factor for consideration is the ef-
fect of defoliation on forest management alter-
natives. Our example was based on stocking
percentage. The sample analysis indicates no
change in alternatives for the pulpwood stand.
The sawtimber stand changes from fully
stocked before defoliation to understocked
after defoliation.
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U.5. DEPARTMENT OF AGRICULTURE

Caution about Pesticides

This publication reports research involving pest-
icides. It does not contain recommendations for their
use, nor does it imply that the uses discussed here
have been registered. All uses of pesticides must be
registered by appropriate State and/or Federal
agencies before they can be recommended.

CAUTION: Pesticides can be injurious to humans,
domestic animals, desirable plants, and fish or other
wildlife—if they are not handled or applied prop-
erly. Use all pesticides selectively and carefully.
Follow recommended practices for the disposal of
surplus pesticides and pesticide containers.




THE FOREST SERVICE of the U. S. Depart-
ment of Agriculture is dedicated to the principle of
‘multiple use management of the Nation's forest re-
sources for sustained yields of wood, water, forage,
wildlife, and recreation. Through forestry research,
cooperation with the States and private forest
owners, and management of the National Forests
and National Grasslands, it strives — as directed
by Congress—to provide increasingly greater
service to a growing Nation.






