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ABSTRACT

FIRE EFFECTS APPRAISAL:
THE WISCONSIN DNR EXAMPLE

By

Ross William Gorte

The goal of this study was to develop a new appraisal system for
the Wisconsin DNR. The Fuels and Effects Committee decided that use in
court was the overriding need, but the system would also be used in
fire management planning. Landowner effects were used when feasible,
but internal consistency was also a constraint. The Committee had veto
power, as well as frequent input, to assure acceptance. The procedures
selected may not be those chosen if theoretical accuracy was the sole
criterion, but the needs and constraints of the DNR were met.

Timbér volume and values are from the Wisconsin severence tax
system, with mortality estimates based on crown or bark scorch. Crops
and facilities are assessed at fair market value. Negligible effects
were assumed on watershed. For wildlife, value was assumed to be
related to populations. The full impact is dependent on timber
mortality in important habitats, and expenditures are used for
valuation. Recreation use loss is use change times expenditures.
Ornamental tree loss depends on tree location, vigor, and size, on
species desirability, and on a basal area value. Effects on aesthetics
and environmental quality are assessed using descriptive terms,

relating fire severity and affected populations.



Nine research topics are described which would improve the system
by broadening the data base or testing key assumptions. The final
chapter describes several recurring concerns and the steps from Committee
approval through expected statewide implementation by the spring of 1982,
The approved handbook is in the appendix, although a format change is

needed to meet state requirements.
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CHAPTER 1. SUMMARY AND CONCLUSIONS

The objective of this study was to develop a new fire effects
appraisal system for the Wisconsin Department of Natural Resources
(DNR). The DNR Fire Management staff created the Fuels and Effects
Committee to oversee the development of a replacement for the current
appraisal system. The new system had to be as accurate as possible
within the contraints identified by the DNR Fuels and Effects
Committee. Initially, four constraints were proposed: (1) any college
graduate could use the system; (2) the appraisal could be included on
the fire report; (3) the time requirements could not be much greater
than the time used for the current system; and (4) the system should
yield relatively consistent results for different appraisers. 1In
addition to these constraints, the Committee frequently reviewed the
system to insure that it would be acceptable to the field personnel as
well as to DNR administrators.

The system that was produced by this study is presented in its
entirety in Appendix A. Although there are faults with the new system,
it is acceptable to, and has been accepted by, the field personnel and
the upper echelon of the DNR. This acceptance was demonstrated by the
field test in 1980 and the plans to implement the new system throughout
Wisconsin by 1982,

The new fire effects appraisal system is not perfect. One reason
is that many of the theoretical evaluation models which exist are not
usable. For example, the present net value of a timber stand is
probably the best measure of its value, but the problems associated

with predicting harvest volumes, prices and dates reduce its accuracy.
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The problems identified in the existing yield tables and the additional
data and computational requirements proved unacceptable to the DNR
Committee. Another problem with using some evaluation models is that
the necessary data is simply unavailable., 1In estimating the effects of
fire on wildlife, for example, gross expenditures may not be the most
degsirable measure of value, but it was the only acceptable measure
which was available and consistent for all of the species groups and
for all sites in Wisconsin. Table 1 identifies the valuation models
considered, the method chosen, and the rationale for the selection,

There are also problems associated with the physical effects
predictions. Much of the research used for these estimates has been
extrapolated beyond the conditions examined in the studies. It has
been used because it at least provides a scientifically acceptable
methodology on which to build. For example, the hardwood mortality
predictors are based on data for an oak-hickory forest in Missouri. It
may be acceptable to apply the data to oaks in Wisconsin, but the
extrapolation to aspen and maple may be inappropriate. The problem,
however, is that there is no data available on the fire-caused
mortality of aspen, maple, birch, or other hardwoods. The question was
whether to use existing data beyond its relevant range, to use expert
opinion when available, or to ignore the effects. The decision was
made with support from the DNR Committee that extrapolating the
existing data was the most desirable option., Ignoring the effects was
rejected as administratively unacceptable and expert opinion was
dismissed because of the innate bias (not necessarily intentional)
reflecting the "Smokey Bear Syndrome" of fires as unqualified

disasters.

-y,
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Table 1.-- Resource valuation models.
Alternatives Method Chosen Rationale
Timber

1. Present Net Value

2. Current Value
3. Severance Tax Value

Severance Tax Value
(merchantable timber)

Present Net Value
(immature timber)

1. Reduced data
requirements

2. DNR familiarity

3. DNR acceptability

Crops
1. Market Value

Market Value

Facilities
1. Use Value
2. Restoration Cost

Restoration Cost

1. Simplicity
2. DNR acceptability

Wildlife and Recreation Use

1. Willingness to Pay
a. Visitor Survey
b. Travel Cost
c. Consumers' Surplus
2, Alternatives
a., Market Value
b. Opportunity Cost
c. Alternative Sites
3. Expenditures
a, Gross Expenditures
b. Investment Cost
c. Market Value of Fish
d. GNP Effect
4, Other Methods
a. Value Added
b. Willingness to Sell
c. Value per User Day

Gross Expenditures

1. DNR acceptability
2, Data availability

Aesthetics and Environmental Quality

Descriptive Terms

1. DNR acceptability

Ornamental Trees

. Timber Value
Property Value
Asset Value

Legal Value
Replacement Cost
Evaluation Formula

. .

AUV EWN -

Evaluation Formula

1. Data availability
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Most of the assumptions and extrapolations used in this study have
been identified. Chapter 5 addresses some of the key areas which need
additional research. While specific studies are not discussed, nine
broad categories are identified as fertile research fields. There 1is
enough information needed that dozens of scientists could spend their
entire careers improving the data just for the Wisconsin DNR.

The study was designed for practical application by the Wisconsin
DNR. The dominant requirement was to improve credibility as expert
witnesses in court, although the results of the system may be used for
other purposes. If the only goal of the system had been to improve
fire planning and/or to justify and adjust the fire program, a
different set of values may have been appropriate. A comparison of the
values used in the DNR study with comparable U.S. Forest Service values
may serve to illustrate this. The Forest Service values are from the
1980 update of the Resources Planning Act (RPA) program (USDA, 1980);
the values are for Region 9, the area from Minnesota to Missouri to
Maryland to Maine and the lands in between. In timber, the values are
very similar since both systems use stumpage values; stumpage is a
market value and is, therefore, used uncritically for all timber
valuation. In recreation and wildlife, the values are less similar.
The RPA has a value of $3 for a recreation visitor day (RVD) on
developed sites, and between $7.25 and $10.50 per RVD for wildlife use.
The DNR values for recreation range from nearly $10 to $24 daily per
vigsitor group, while wildlife values are from 53¢ to over $25 per
hunter/observer-day. One must be careful comparing these values

because the user measurement is different for the two systems. In
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addition, the values which are measured are quite different. The DNR
values are expenditures by users, whereas the RPA values are an
estimate of the value to the user in excess of the cost incurred to use
the resource. It would be easy to digress into a discussion of which
value is more correct or more proper, but such discussions have taken
place before and will undoubtedly occur again; a discussion in this
paper would have little impact on the debate. Expenditures were chosen
because it was more acceptable to the DNR Committee.

In conclusion, the DNR wanted a system which would improve its
credibility in appraising fire effects. The new system was designed
to meet that desire, and the DNR is comfortable that its needs have
been met. Others must be aware of potential problems that can occur

if the system and the results are extrapolated beyond their purpose.



CHAPTER 2. INTRODUCTION

Background and Problem Statement

The Wisconsin Department of Natural Resources (DNR) is required by
law to protect all state and private unincorporated lands in Wisconsin
from fire. This responsibility is limited in some parts of the state,
particularly the southern parts, by various mutual-aid agreements or
statutory authorities. Included in this protection requirement is the
task of assessing the effects of fires. These appraisals are a part of
the public record and hence are available to anyone. They have been
frequently used in insurance settlements and legal proceedings.

Some DNR personnel have expressed dissatisfaction with the current
appraisal system, particularly because of embarrassment in court due to
indefensible and unexplainable values. The current procedures were
developed in 1938, and reflect the available knowledge and relative
resource values of the time. One problem is that immature stands are
appraised by applying a current stumpage rate to a dimensionless value,
determined from tables which include size class, stand density, site
class, and fire severity as variables. The problem is particularly
severe for plantations, where calculated losses are often less than
half of the original planting cost. A second major problem is that a
predetermined loss of one dollar per acre is assumed for recreation and
wildlife, and another dollar loss per acre is assessed for site
deterioration (Wisconsin DNR, 1976b). These values have caused many

problems for the DNR field personnel.



The Fire Management Staff in Madison was aware of the general
dissatisfaction and agreed that a new system was needed. The DNR Fuels
and Damage Committee (later renamed Fuels and Effects Committee) was
formed to address the problem; the members are identified in Appendix
B. The first meeting was in March, 1977. After discussing the current
system the DNR Committee agreed that they did not have sufficient
expertise to develop a new system. Thus they decided to accept an
offer from the U.S.D.A. Forest Service, North Central Forest Experiment
Station, to fund a study on fire effects appraisal in Wisconsin,

A meeting was arranged for the DNR Committee to discuss the
problem with the Forest Service in November, 1977. Two uses of the
system were identified: (1) planning and evaluating the fire
organization, and (2) the appraisals that are used in court. It was
decided that the defensibility in court took precedence, when the two
needs were in conflict.

Objective

The objective of this study is to develop a fire effects appraisal
system for the Wisconsin DNR that is as accurate and as consistent as
possible within the constraints set forth by the DNR Fuels and Effects
Committee. Accuracy is assessed by theoretical correctness, with
emphasis placed on those resources most affected by fire. The
constraints are: (1) it should be simple enough for a college graduate
(not necessarily a forester) to use; (2) it should be completed with
the fire report (within 30 days of the fire); (3) it should require no
more than an hour to complete for an average (1 acre) fire; (4) it
should provide results which would be fairly consistent for any given

fire, regardless of who made the appraisal.
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Approach

Several appraisal techniques have been suggested over the

years_l_/. One of the earliest was by Sparhawk (1925). He limited

himself to timber losses 'mot only because of the extreme paucity of
data (concerning other values), but also because the existing data
indicate that such damage is less than the probable error in
estimating damage to timber" (p 737). Craig et al (1945) made the

fFirst attempt to assess the effects of fire on all resources. Many

=systems appraise damages by multiplying a value per acre times the

=area burned. The Forest Service uses this procedure, with seven

xather broad value classes. The primary problem with this type of

=3 ystem 1is that it permits no variance for fires of different

A ntensities. The most complete guide to fire effects appraisal was

<A eveloped by Crosby (1977). He sets forth techniques for evaluating

Tt e effects on all resources, but the system is very detailed and

T+ A me-consuming.

The new Wisconsin DNR system was set up to value changes in

Phyysical outputs for various resources. Each resource element was

addressed independently, under the headings of market and non-market

resources. The literature was surveyed to identify fire-caused

Changes in resource outputs and to specify measurable variables that

Could be used to predict those output changes. Values for each

resource element were then determined from existing information.

1/ For a detailed discussion, see Julie K. Gorte and Ross W.
Gorte, Application of Economic Techniques to Fire Management = A

Status Review and Evaluation, USDA Forest Service General Technical
Report INT-53 (Ogden, UT: 1979), 26 pp.
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The valuation methods that are available are discussed for each
resource element, followed by a discussion of the procedures selected
for use. Appendix A is the appraisal handbook, with the specific
procedures and appropriate numbers and tables included; the handbook is
presented in its entirety to give the reader a sense of the scope and
complexity of the system. Chapter 5 focuses on research needed to
improve the data base or to test some of the key assumptions in the
system. Chapter 6 addresses the recurrent concerns of the DNR and the
steés taken to get the system implemented state-wide.

Valuation

Anything that people want can be said to have value. In an
economic sense, value is defined as demand for a good or service being
greater than supply at a price of zero dollars (Gibbs, 1977). Although
this price is not always a market price, the economic concept of value
may still be used. For such non-market goods as wildlife, it is
necessary to derive values from the behavior of consumers or through
interview techniques.

This assumes that valuing non-market resources 1is necessary.
There may be many reasons for placing a value on these resources but in
general all relate to the same need: to know how much the resource is
worth relative to other resources so allocation decisions can be made
(Coomber & Biswas, 1973). There are many people who are opposed to
valuing non-market resources. Their reasons include that personal
values defy objective evaluation and that valuing these resources is
too complex. Others argue that we should use social values rather than

economic values. Schuster (1977) claims that "the term ‘'social value'

I T il | p——
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is more often incorrectly used ... than it is correctly used", since
social values typically describe motivating forces or activities
(aesthetic pleasure, peace of mind, hunting) while economic values
describe benefits of activities. It is these economic values which
should and must be used to allocate resources.

The values affected by a fire depend on the objectives of the
evaluation. The change in gross state product may be the important
value for state lands, but it may not be relevant for a county or a
private citizen. The DNR tentatively identified two uses of the fire
effects appraisal: fire planning and court proceedings. The courts
use information on the effects on an individual landowner, but this may
not be appropriate for fire planning. If a fire, for example, caused
some campers to change from one campground to another, there might be
no effect on the total camping use in Wisconsin (if excess capacity
exists); however, the owner of the burned campground would feel a loss
from receiving fewer camping fees.

The DNR Committee decided that the effects on the individual
landowner took precedence over effects for planning. Even this did not
eliminate all problems. The question arose as to landowner objectives;
specifically, did a landowner have a timber loss even if he had no
plans or desire to sell timber? After more discussion, the DNR
Committee decided on potential landowner effects. Their basic reason
was that average landowner tenure is much less than most timber
rotation ages and that the landowner would probably experience some

effect on his property sale if the timber was burned regardless of his
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plans or desires for harvesting. The DNR Committee also agreed that
consistency in variation was essential; this is particularly true within
a resource element, such as a consistent basis for jack pine and oak
timber, or for deer hunting and duck hunting. An imputed value for
non—-market resources should be calculated if possible when market values

are available.



CHAPTER 3. MARKET RESOURCES

The marketable natural resources are those which can easily be
bought and sold. The markets for these commodities determine prices
which then regulate production and consumption. For individual
landowners, who are the producers, any reduction in marketability or
volume of output resulting from a fire can be an economic loss.
Consumption may be unaffected, particularly if excess capacity exists.
The courts, however, are only interested in the effects on the
individual landowners. This chapter, therefore, focuses on those
resources for which the landowner could have an economic loss.

Timber
Methods Available

Any fire which kills trees potentially affects commercial timber
values. There are, however, several ways to measure such values,
depending on landowner objectives and the relationship among growth,
harvest and inventory on the owner's lands. Because of the potential
complexity of a system designed to accommodate all these factors, the
DNR Fuels and Effects Committee decided that the value change of the
burned stand, independent of the surrounding land, was the appropriate
measurement. Changes in stumpage values can be used as a proxy for
value change since they reflect the relative quality and availability
of timber supplies. There are basically three methods which can be
used to obtain stumpage value changes in Wisconsin, summarized in
Table 2.

Present net value is theoretically the most correct method, but it
requires predictions of future harvest date, price and yields. On
state lands, the future date can be from timber management plans. Such
plans, however, frequently do not exist for private lands, but DNR

12
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Table 2.--Timber valuation models.

Alternatives Method chosen Rationale

1. Present Net Value Severance Tax Value 1. Reduced data

2. Current Value (merchantable timber) requirements

3. Severance Tax Value Present Net Value 2. DNR familiarity

(immature timber)

3. DNR acceptability

R a Ty e
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rotation ages could be used as a rough guide. Predicting future prices
is difficult but assuming constant real prices is a possibility. A
real interest rate should be used in discounting, although the DNR uses
six percent for all analyses and would consider no alternatives.
Future yields can be estimated using the yield tables for Wisconsin
(Essex & Hahn, 1976), but the accuracy of the tables has been
questioned. DNR estimates show that actual growth is more than double
the yield table estimates, primarily because of intermediate
harvestsl/, One administrative problem of using the present net
value method is the increase in field measurements which would be
required. Site index (age and height measurements) and volume by species
are needed, whereas only timber type, diameter class, and volume are
presently being recorded.

Current value, although theoretically less correct than present
net value, is simpler to apply. It also eliminates the problems
associated with predicting harvest date, prices and yields. However,
this method does assume no value for immature timber (seedlings and
saplings). This is particularly acute in stands that have had site
preparation, artificial regeneration, or other silvicultural
treatments. The problem of increased field measurements is the same as
with the present net value method.

The severance tax is a third alternative available in Wisconsin.
It was developed to eliminate the cost of cruising every stand of
timber which is offered for sale by any landowner. It is basically the

same as the current value method, but the field measurements are

1/ Ppersonal communication with Harry W. Thorne, Staff
Assistant, Forest Management Section, Wisconsin DNR. Madison WI.
11/8/77.
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greatly reduced. This method also has the flow of ignoring the
potential value of immature timber.
Procedures Developed

The technique selected for appraising the effects of fire on
timber is a combination of the severance tax value and the present net
value methods. The severance tax value will be used for all
merchantable timber, while the present net value will be used for
immature timber. Any salvage values which occur will be deducted from
the calculated loss.

The severance tax value method was selected primarily because of
its simplicity. While this method is theoretically less correct than
present net value, the predictions needed for calculating the present
net value reduce its accuracy. The present net value of immature
timber was used because the severance tax value assumes zero value for
such timber, and that assumption was unacceptable to the DNR. It is
necessary to estimate the volume and determine the discount period for
appraising the effects of fire on immature timber. The present net
value method requires estimates of harvest volume and harvest date, but
the procedures developed for the Wisconsin DNR differ somewhat.
Instead of using harvest volume and date, an estimate is made of the
volume and the age of a stand when it becomes merchantable. This
estimate is made by using the yield tables to calculate the
merchantable volume by age class for each timber type and comparing
those volumes to the average sapling density for each type. Average
sapling density was estimated using the number of sapling of each
species and the average volume of each species in each timber type.

The detailed procedures and necessary data are in Appendix c.
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The problems of predicting prices and yields still exist but have been
reduced. The discount period has been shortened from the rotation age
to the time when a stand becomes merchantable, usually less than half

the rotation age. This shortened discount period reduces the errors
caused by assuming that the real stumpage price remains constant, and
it makes the discount rate less important. The problem of
underestimating volume by using the yield tables is minimized because
mo st intermediate harvests occur after the stand becomes merchantable.
Th is procedure does require numerous assumptions, and some research is
ne eded to improve the merchantable age predictions, as recommended in
Ch apter 5,

The effects on merchantable timber will be assessed using the

£ © 1 lowing equation:

Average Average Predicted Acres
Y.oss = Volume X Price By x Mortality x Burned
Per Acre District

Thie procedure for appraising fire effects on immature timber is
iClem:ical, except that the average volume per acre will be the

Predicted volume when the stand becomes merchantable and a discount

rate will be included.

Christmas trees pose a different problem since volume is not a

relevant measure. The following equation will be used to assess the

effects of fire on Christmas trees:

Value Trees Acres
Loss = Per Tree x Per Acre X Burned

The field procedure requires a density estimate in trees per acre,

rather than volume per acre. 'Mortality" is assumed to be 100 percent

Since almost any damage to the crown of the tree will render it

worthless as a Christmas tree.
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The descriptions of the various values and the tables for volume

and price are in the handbook, Appendix A. The following discussion of

timber effects is separated into mortality and regeneration for conifer

and hardwood timber types.

T imber Effects

Conifer mortality is predicted in Figure 1, which was determined

£ rom two linear regression lines. The equations for the lines are:
E quation 1: y = 1,386

+
E quation 2: y = -75.826

401 x for x € 57; r2 = .66
+

1.758 x for x > 57; r2 = .73
wh ere y is estimated mortality in percent and x is the percent of crown

=S < orched. The regressions used the data listed in Table 1, with the

€e g uations being developed for scorch of 60 percent or less and for

S < orch of more than 60 percent.

Two regression equations were used because no regression model

PXovided a mortality estimate of 100 percent for 100 percent crown

Scorch. While less than 100 percent mortality may be a better

re £ lection of the actual effects, it was unacceptable to the DNR
Committee. Linear regression was chosen over other regression models

available, including the power model (y‘axb), the logarithmic model

(y=a+b 1n x), and the exponential model (y=awPX). There are two

re asons for selecting the linear model. First, the linear regressions

Yielded higher coefficients of determination than the other regression

models, indicating that the linear model fit the data better than the

Others. The second reason is the administrative acceptability of the

resgulting predictor; only the combination of two linear regressions

Provided an acceptable mortality prediction for 100 percent
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crown scorch. The data in Table 3 are from Methven (1971), for red and
white pine in southern Ontario, and from the Wisconsin DNR for red and

jack pine in Wisconsin.

Table 3. -- Conifer scorch and mortality data.
Equation 1 Equation 2
Scorch Mortality Scorch Mortality
(percent) (percent) (percent) (percent)
20 10 72.5 60
37.5 15 77.5 50
40 20 80 50
47.5 15 82.5 88
50 25 87.5 82
57.5 20 92.5 75
60 30 98 98
100 100

Results similar to those shown in Figure 1 have been reported in
Southern pine plantations (Bonninghausen, 1962). However, Figure 1 may
overestimate the mortality of the swamp conifer species because they are
less susceptible to heat damage than are the pine species (Weetman,
1956). Because relatively few fires occur in the swamp conifer types,
due to lower stand densities and higher moisture levels, and because
there is a lack of data on fire-caused mortality in swamp conifers, th
DNR Committee decided that the pine equations could be extended to all
conifer species,

Conifer regeneration is assumed to occur naturally. The following
are situations where natural regeneration will generally not occur: (1)
red pine stands, (2) jack pine stands under eight years old, and (3)
white cedar stands with a hardwood understory or with over 30 percent
other swamp conifer species. Regeneration is assumed to be unnecessary

in these stands if mortality is less than 50 percent. In those
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Figure 1.--Conifer mortality estimator and data points.
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situations when mortality exceeds 50 percent, a regeneration loss is
calculated and the value of the replacement timber type is estimated.
The exception to this rule is plantations since they are not the result
of natural regeneration.

Red pine is assumed not to regenerate naturally following fire
even though fire prepares an adequate seedbed for red pine. This is
based on the findings of Van Wagner (1970). Since red pine is often
succeeded by open field following fire, the timber value of the
replacement type is assumed to be zero.

Jack pine will not regenerate until it is eight years old.
Although it is a serotinous species and requires intense heat for
regeneration, jack pine usually doesn't bear cones until after its
seventh year (Cayford, 1970). Concern was expressed about the
replacement of jack pine by aspen following some major fires in
Wisconsinl/, since aspen and jack pine often occur on similar
sites and aspen is a prolific seeder and sprouter (Horton & Hopkins,
1965), aspen is assumed to be the replacement timber type for jack pine
stands which do not regenerate naturally.

White cedar stands generally change to hardwood species if there
is a vigorous hardwood understory because most hardwoods sprout rapidly
after a fire (Little, 1963). The replacement timber type is the
understory timber type. If a white cedar stand which has more than 30
percent other swamp conifer species (balsam fir, spruce, or tamarack)
is burned, it will regenerate to the predominant alternative timber

type, according to the management prescriptions for white cedar in the

Y Personal communication with Milton E. Reinke, State
Forester, Wisconsin DNR. Madison WI. 7/6/78,
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Silviculture Handbook (Wisconsin DNR, 1977a). For example, if a burned
white cedar stand was 20 percent white cedar, 15 percent black spruce,
12 percent balsam fir, and 9 percent tamarack (36 percent other swamp
conifer species), the replacement type is black spruce.

It is assumed that natural regeneration either will occur or is
unnecessary in all other situations. The need for regeneration should
depend on the density of the residual stand, but 50 percent mortality
was assumed to simplify the calculations. Fifty percent was selected
arbitrarily, but deemed acceptable by the DNR Committee. The
assumption that natural regeneration will occur is supported by
research following prescribed burning (e.g. Ahlgren, 1963; Benzie et _
al, 1973; Gysel et al, 1972), and Ahlgren (1959) reported that all
northern conifer species are capable of regenerating after wildfires.

Hardwood mortality is estimated from Figure 2. Since mortality is
predicted using bark scorch height, one would expect mortality to vary
with diameter. Accordingly, two curves were developed, depending on
diameter class; only two classes were used because of a lack of more
detailed data. The equations are:

For trees 2 5" dbh: y = 49.248 + 4.911 x; r? = _69
For trees < 5" dbh: y = 11.861 + 5.070 x; r2 = .75

where y is estimated mortality in percent and x is bark scorch height
in feet. The two regressions used the data in Table 4, from research
by Ralph Loomisl/, As with conifer mortality, linear regression

was chosen over non-linear regression models because the linear model

resulted in higher coefficients of determination.

1/ Personal communication with Ralph M. Loomis, Research
Forester, USDA Forest Service. East Lansing, MI. 7/78.
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Table 4. —- Hardwood scorch and mortality data.

Scorch Mortality (percent) Scorch Mortality (percent)

(feet) =5" dbh 5" dbh (feet) =5" dbh 5" dbh
.25 63.6 25.0 7.0 76.9 45.3
1.0 34.8 2.4 8.0 86.6 76.7
2.0 60.5 11.7 9.0 100.0 43.5
3.0 68.8 20.7 10.0 -— 60.0
4.0 78.7 34.8 11.0 - 50.0
5.0 64.4 43,5 12.0 - 76.9
6.0 80.4 58.2 13.0+ - 80.0

These regressions were developed using data from an oak-hickory
forest in Missouri, and therefore may yield poor mortality estimates
for the aspen, white birch, and northern hardwood timber types.
However, no other data was available for developing simple predictors.
The DNR Committee, recognizing the potential problem, began a study to
check predictions with actual mortality to assess the accuracy of the
curves, and will prepare new curves for other timber types if
necessary.

Live cull was assumed to be negligible. Live cull is damage to
trees which results in a reduction in timber quality or volume without
causing mortality. Concern about fire-caused live cull has been
expressedl/, but it was found to be relatively minor if the timber
was under 90 years old or less than 20 inches in diameter (Berry,
1969), while another researcher found no volume or quality loss in

saplings or poletimber if the trees survived (Loomis, 1974).

1l Personal communication with Gordon L. Landphier, Chief,
Fire Control Section, Wisconsin DNR. Madison WI. 6/28/79.
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Hardwood regeneration is assumed to occur naturally for all
hardwood timber types. The predominant hardwood species in Wisconsin
are maple, aspen, oak, and paper birch, all of which resprout following
fire (Ahlgren, 1959; Fennel & Hutnik; Vogl, 1970). Even the most
intense prescribed burns couldn't prevent aspen suckering (Horton &
Hopkins, 1965). Yellow birch is the only hardwood species which has
been identified as definitely a non-sprouter (Fennel & Hutnik, 1970).

Timber Values

The values proposed are those calculated annually by the Wisconsin
DNR Timber Management Staff. The stumpage values are the weighted
average for each timber type in each district in Wisconsin. The
weighting system used is the average volume of each timber species in
the timber type for each district. Local stumpage prices for a
particular species will be used in pure stands, like plantations, but
not in mixed stands. The additional time needed for estimating volume
and mortality by species was considered to be too costly.

Christmas tree values are generally available from county
extension agents. These values include expected price and discount
rates which are appropriate for such commercial enterprises. By using
external values, rather than estimates of costs from the plantation
owner, the time required to obtain a present value per tree can be
reduced substantially,

Crops

Evaluating the effects of fire on crops and forage is similar to
the timber evaluation, since timber is only a special kind of crop.
However, several factors combine to greatly simplify the procedure.

Most crops are harvested annually, thus eliminating the problem of
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discounting future values. County agents generally have records
available for estimating yields and prices. The problem of predicting
mortality is also eliminated since few crops can survive a wildfire.

The method to be used by the Wisconsin DNR is basically a
two-pronged approach. If the burned crop can be replanted in the
current year, the loss is the sum of the replanting cost and the value
of the reduction in the expected yield (the replanted crop would
probably have a reduced yield due to a shorter growing season). If the
crop is not replantable, the loss is the value of the expected yield.

The first step is to determine if the burned crop has already been
harvested. If all crops on the burned site have been harvested, there
is no loss. If a crop has not been harvested, then the loss for each
burned crop is calculated using the following equation:

Crop = Replanting x Acres + Yield x Price x Acres
Loss Cost Burned Loss Burned

The replanting cost is zero if the crop cannot be replaced in the
current year. The yield loss and price information can be determined
from the farmer (a potentially biased source) or from the county
agent,
Facilities

The value of equipment or improvements generally lies in their
value in use. This is not limited to such income-producing equipment
as tractors, because the value of a vacation home, for example, lies in
its use, or at least its potential use. Fire can quite obviously
change the value by either eliminating or altering the use or potential
use of the equipment or improvement. Ornamental trees will be
discussed in Chapter 4 even though their primary value is as an

improvement.
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The most common technique for estimating these losses is to
calculate the cost to restore or replace the equipment or improvement
affected by the fire. While this technique is the simplest to use, it
generally overvalues items which are in poorer condition. A more
correct technique would be to estimate the value of the use which would
be lost as a result of the fire if replacement did not occur. For
income-generating items this may be possible, but many improvements are
used for recreating. It would, for example, be very difficult to
calculate the use value of a vacation home.

The method to be used by the Wisconsin DNR is to estimate the cost
to restore the equipment or improvement to its pre-fire condition. 1In
some cases, this will be the additional maintenance required to restore
that condition. An example of this would be repainting a barn which
was blackened by the soot from a fire. Many cases, however, will
require replacement. To reduce the possibility of overvaluing worn
equipment and improvements, the replacement value will be restricted by
the pre-fire condition of the item. The replacement value for a 1959
pickup truck, for example, is the price of a 1959 pickup in similar
condition on a used-car lot, not the price of a 1980 pickup truck.

This technique provides an adequate estimate of value change if one
assumes that restoration or replacement will occur. If the item is
restored or replaced, it is likely that the future use value of the
item is more than the cost to restore/replace it. The DNR Fuels and
Effects Committee stated that it was administratively unacceptable to

determine if an item would, or should, be replaced or restored.
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The field procedures require determining the equipment and
improvements which require added maintenance and then the items which
need to be replaced. An estimate of the pre-fire condition (excellent,
very good, good, fair, poor) is also made. In the office, the cost of
the required maintenance or the replacement is determined. Contractors
and used equipment dealers are useful sources, but professional
judgement will also be needed. Equipment loss is the sum of the costs

to replace or repair the burned items.



CHAPTER 4. NON-MARKET RESOURCES

Non-market resources are those which are not regularly traded in
established markets. The value of these resources generally cannot be
captured by individual landowners because of their inability to control
the use, like with sightseeing, or because the service is provided free
by the public landowners, like hiking. Since the courts are interested
primarily in the effects of fire on individual landowners, the value of
non-market resources is not relevant. However, because there can be a
fire-caused change in non-market values, such changes are relevant for
fire management planning. The new appraisal system will be used for
both court proceedings and fire planning, and therefore values for
non-market resources must be included but explicitly distinguished from
landowner effects; steps have been taken by the DNR to make this
distinction on their new appraisal reporting forms.

Fire effects on watersheds have been assumed to be negligible in
Wisconsin. A detailed literature review by Wells et al (1979) examined
the effects of fire on erosion and on water quality and quantity.

Their report indicated that the effects are only significant for very
intense fires on steep slopes with highly erodible soils. A USDA Soil
Conservation Service soil type map for the state showed that the
necessary combination of highly erodible soils on steep slopes was
virtually non-existant in Wisconsin.

Wildlife

Wildlife value is actually a catch-all term which includes several
values. People use wildlife in different ways and value it for a
number of reasons. One of the most obvious of the wildlife values is

activity value (Brookshire et al, 1978). Activity value is associated

28
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with firsthand use of the resource. It can be further subdivided into
consumptive and nonconsumptive use. Consumptive use means actually
taking wildlife out of the environment, as fishermen and hunters do.
Nonconsumptive users are those who engage in wildlife observation,
birdwatching, wildlife photography, and nature study. They do not
harvest animals,

A second type of wildlife value is option value (Brookshire et al,
1976). This category does not include users of the wildlife resource,
but those who value it because they may wish to use it in the future,
or wish to preserve it for the use of their children. In other words,
they value the option to use the resource, though they do not actually
use it at present,.

Existence value is another wildlife value which, though simple to
conceptually separate from option value, is difficult to measure
separately. Existence value is derived from people enjoying the
resource simply because it is there. They neither use wildlife nor
plan to use it, but value its continued existence.

Methods Available

According to neoclassical economics, the value of any good or
service is the product of price times the quantity purchased at that
price. The market, the interaction between producers and consumers,
determines the price and quantity purchased. It allocates goods and
services to those who are willing to pay the price (Gibbs, 1977).
Unfortunately, the market for the wildlife resource doesn't work
perfectly. The reasons for this include: wildlife is usually
considered common property, belonging to the state and hence to all the

people; and wildlife is a '"public good" where the uses of the resource
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are not mutually exclusive, For example, the same area can be used for
deer hunting and birdwatching (Davidson et al, 1966).

Several approaches have been taken in attempting to evaluate non-
market resources. Most of the research has been directed toward
recreation, especially for valuation of developed sites, but it is
equally applicable to wildlife since the activity and option values of
wildlife are in reality recreation values. The approaches are
identified in Table 5, along with the selected method and the rationale

for the selection. Willingness to pay is the approach that has
had the most attention. It is the amount that people would pay in
order to use (or to have the option to use or merely to have) the
wildlife resource. Most of the discussion has focused on how to
measure the willingness to pay. One technique suggested is to conduct
a vigitor survey to directly ask the visitors how much the recreation
activity is worth (Hammack & Brown, 1974). The primary problems with
this approach are the potential for bias in the structure and
administration of the questionnaire/interview and the questionable
relationship between how much people say they will pay and how much
they actually will pay (Beardsley, 1971; 0'Connell, 1977). One study
in Wisconsin has shown that the amount for which people said they would
sell their use rights was twice as much as the actual amount necessary
to purchase their use rightsl/. While this study dealt with the
willingness of people to sell their use rights (rather than willingness

to purchase the rights), it does illustrate the problems

1 Study conducted by Richard Bishop and Tom Heberlein of the
University of Wisconsin, Madison; reported by David Pritchard,
"$5.2-Million Value Put on Horicon Hunt," Madison (WI) Capital Times,
Wednesday, November 15, 1978,
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Table 5. ——- Wildlife and recreation use valuation models.

Alternatives Method Chosen Rationale

1. Willingness to Pay Gross Expenditures 1. DNR acceptability
a. Visitor Survey 2. Data availability

b. Travel Cost

c. Consumers' Surplus
2, Alternatives

a. Market Value

b. Opportunity Cost

c. Alternative Sites
3. Expenditures

a. Gross Expenditures

b. Investment Cost

c. Market Value of Fish

d. GNP Effects
4, Other Methods

a. Value Added

b. Willingness to Sell

c. Value per User Day

inherent in such questionnaire or interview studies. Other researchers
have attempted to reduce this problem by instituting bidding for the
use rights (Brookshire et al, 1978).

Another technique for measuring willingness to pay has been called
the travel cost method. Originally suggested by Hotelling (1949), and
first applied by Trice and Wood (1958), this method requires
determining how much users pay in travel costs, and relating that to
the number of users. The value, then, is the product of the quantity
of use (number of users) times the difference between the amount people
would pay and the actual amount paid. Trice and Wood assumed that
people would pay as much as the top ten percent of the actual amounts
paid (i.e. the 90th percentile). This assumption has been severely
criticized. The other primary criticism focuses on the assumption of a

homogeneous population (Coomber & Biswas, 1973).
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The third technique for estimating willingness to pay involves the
use of consumers' surplus. Consumers' surplus is the value (benefits
received) in excess of the amount paid. Usually consumers' surplus is
considered to be the total value over the amount paid, while monopolist
revenue is the maximum potential revenue that a nondiscriminating
monopolist could receive (Coomber & Biswas, 1973). For either measure,
a demand curve is necessary. The two basic ways to estimate demand
curves are virtually identical to the direct measures of willingness to
pay. The first way is to estimate changes in use resulting from
changes in cost, using a survey or a bidding-type game (Randall, 1977;
Brookshire et al, 1978). This, however, has the problems mentioned
earlier about the accuracy of survey methods. The other way, known as
the Clawson method, is to estimate demand by examining travel costs for
different geographical regions. The major problem with this method is
the assumption that differences in participation rates are the result
of difference in travel costs, i.e. the population has homogeneous
tastes and preferences (Clawson & Knetsch, 1966). Others have
suggested using all transfer costs rather than just travel costs (Brown
et al, 1973). An additional problem with the Clawson method is that it
usually is more costly to apply (0'Connell, 1977).

The basic problem with using consumers' surplus, or any measure of
willingness to pay, is the noncomparability with other measures. When
comparing two investments, it is imperative to be comparing apples with
apples. A comparison with the benefits of one alternative measured by
congsumers' surplus and the benefits of another measured in market
values could result in less-than-optimal resource allocation

(Beardsley, 1971; 0'Connell, 1977),
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The alternatives approach is the second one that is frequently
used. One technique is to determine the market value of the resource
in question. In theory, this technique is acceptable, but the need for
either selling the resource or observing the sale of a comparable
resource makes it very difficult to use (Coomber & Biswas, 1973;
Knetsch & Davis, 1966). Another problem is that many non-marketed uses
have no analogy in the private sector.

Another technique for estimating the alternative value of the
resource is to identify its opportunity costs. The potential value of
the resource in other uses may, however, be a severe underestimate of
value, especially for unique resources. It is a measure of what is
given up, rather than what is received. The use of this technique for
the wildlife resource is more difficult, in general, because many
wildlife uses are compatible with and secondary to other uses on the
same site.

A third way to estimate the alternative value is to estimate the
costs of using alternative sites. However, this requires an accurate
asgessment of the resources on the site being valued and on alternative
sites. By identifying the change in resources available on one site,
it is possible to estimate changes in use on all sites. This can be
valued by estimating changes in user costs (Talhelm, 1973).

Expenditures is a third basic approach to the valuation of
non-market resources. The most common technique is to measure gross
expenditures. One advantage in this technique is that it is an
expressed willingness to pay, and therefore is more similar to market
price than any other measure (Coomber & Biswas, 1973). Another
advantage is the relative ease to apply this technique. There are,

however, many problems with this method. The gross expenditure method
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includes all transfer costs. It does not measure benefits to the
owners or to the users, nor is it a measure of net or site benefits.
It also includes many secondary benefits (Coomber & Biswas, 1973;
Knetsch & Davis, 1966; 0'Connell, 1977). Finally it is a measure of
the maximum dollar amount that could be redirected, rather than a
measure of people's willingness to pay (Stevens, 1966a).

Another expenditure technique is to assume that the value of an
investment is equal to the cost to provide the recreational
opportunity. Under this assumption, all potential investments are
good, and the most desirable ones are the most costly (Trice & Wood,
1958; Stevens, 1966a). 1In spite of its inherent inadequacy, cost can
be used if a cost/use ratio is used as an allocative criterion
(0"Connell, 1977), but allocation decisions among different resources
may be impossible.

A third technique which is frequently mentioned but seldom used
is called the market value of fish. This asserts that the value of the
use is equal to the market value of the outputs produced for
consumptive use. However, as Stevens (1966a) points out, the output is
often the activity rather than the physical commodity (fishing, not
fish).

A fourth technique which can be included in the expenditures
approach is the GNP effect. This assumes that the value of a day in
recreation is the same as the value of the output of a day of work;
i.e. value per user day equals GNP per capita per day. This assumes
that all days are perfectly substitutable, and the problems with this
are obvious.

Several other approaches have been proposed. One is to use value

added by use of the resource, rather than gross expenditures, leading
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determine the willingness to accept compensation (to sell). This is
the same as willingness to pay, except that a different set of property
right is assumed (Randall, 1977). A third approach is to use a value
per user day, preferably from the fee at a comparable private site
(0'Connell, 1977). This can also be adjusted for political and social
pressures, and may therefore be a more acceptable measure of value
(Coomber & Biswas, 1973).

Procedures Developed

Of the possible techniques described above, the one selected for
use by the Wisconsin DNR is the gross expenditure method. There are
two reasons for using this technique. The first is that the values
which are derived using this technique are institutionally acceptable.
The DNR Fuels and Effects Committee agreed that the values determined
using expenditures are acceptable to the Wisconsin DNR. The other
reason for using expenditures is that it is the only measure of value
which is available for several different types of wildlife across the
state. Several studies have been conducted on the value of a specific
species or area (e.g. the geese on Horicon Marsh), but the only measure
available which is consistent for all wildlife types affected by fire
is expenditures.

Expenditures is not necessarily the correct measure of value, but
it does provide a consistent basis for analysis, and consistent values
are necessary for management planning (Schuster, 1977). It is
necessary to prevent comparing these measures with the marketable
values from timber and crops, but these precautions have been
incorporated on the appraisal form. In addition, wildlife values have

been identified in Chapter 5 as an area needing more research.
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The technique proposed for evaluation of the effects of fire on
wildlife is based on changes in use and the relative success for
various wildlife uses on the burned site. The following equation will

be used to assess the effects of fire on each group of species

affected:
Loss or Full Success Use Wildlife
Benefit = Effect x Index X Change x Value

The specific equations and the appropriate tables and values for each
wildlife species group are in Appendix A, the appraisal handbook.

The success index is, in general, a ratio of use per acre in a
county relative to the average use per acre in Wisconsin. The success
index for each species group in each county was calculated by dividing
the use per acre by the average in Wisconsin for that species group.
Thus, a success index of one indicates average use, while a two
indicates double the average and a point five is half of the average
use, For game species, the percentage of total harvest in each county
was used as a proxy for hunter use, while nature study participations
was used for non-game species use. The data used for developing the
indices and maps showing the distributions are included in Appendix D.

This evaluation method assumes that wildlife values are related to
the quantity of use on a given site and the probability of success in
that use. Intuitively, the quantity of use will depend on the
probability of success if success is desired. This assumption has been
questioned in the literature. Wennergren et al (1977) found that
hunter success was a primary determinant of site quality for big game
in Utah, but less than half of the backcountry fishermen in Washington
fished for reasons related to the catch (Hendee et al, 1977). Potter

et al (1973) found that nature, escapism and compansionship were the
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primary reasons for hunting, but satisfaction related to hunting
success (e.g. harvest and trophy display) did add to the value of the
hunting experience. In examining anticipated success, Stevens (1966b)
found a significant positive correlation between changes in anticipated
success and changes in fishing effort.

Another major assumption is that use and probability of success
are directly proportional to animal populations. This is neither
supported nor refuted in the literature, although it is intuitively
reasonable. One would expect an increase in a deer herd to result in a
higher probability for shooting a deer.

A third assumption is that probability of success on a burned site
is not related to the probability of success on nearby, substitute
sites. Intuitively, there is some population regeneration response to
changes in habitat conditions, but there is also probably a relocation
response, especially in the first year. There is no literature avail-
able to help in distinguishing these responses. Stevens (1966b) did
find that a change in anticipated success at a substitute site did not
affect salmon fishing at the site he examined. While there was
obviously no relocation of the salmon, his study does suggest that the
ugse of alternative sites is unaffected by use on the burned site. 1In a
DNR Committee meeting, a DNR wildlife biologist stated that his research
has shown there is little or no relocation response in deerl/,

Still, this assumption may result in a substantial overestimate of the
effects of fire on wildlife. These assumptions are very important in
the valuation of the effects of fire on wildlife, and research 1is

recommended in Chapter 5 to address this area.

1/ personal communication with Keith McCaffery, Wildlife
Biologist, Wisconsin DNR, Rhinelander WI. 7/26/79.



38

Wildlife Effects

The full effect of fire on wildlife use is the net change in use
per acre for a fire with 100 percent mortality of the trees. This is
the total expected change in animal populations (in percent) times the
average use per acre for Wisconsin. Table 6 shows the use of each

wildlife species group (National Analysts, 1975) and the average use

per acre.
Table 6. —— Wildlife use in Wisconsin.
Total Use Average
Species Group (thousands) Use Per Acre
Deer 6,034 .175
Rabbit 3,781 .110
Grouse 2,146 .062
Pheasant 2,825 .082
Waterfowl 3,339 .097
Non—Game 38,761 1.124

Area in Wisconsin: 34,483,200 acres

The total expected change in animal populations is the expected
change by year, determined from the literature, discounted to the
present at six percent. The correct procedure for determining the
present value of future effects is to discount the value of those
future effects. If, for example, a fire causes the animal population
to increase to 200 percent over the pre—fire population in the first
year, to 125 percent over the pre-fire level in the second year, to 50
percent over the pre-fire level in the third year, and return to the
pre-fire level in the fourth year, the present value of the increases
is the sum of the value of the use times the increase in each year and

discounted to the present.
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Mathematically, letting V be the value of the use and using an interest

rate of 6 percent, this is:

PNV =200V + 1.25V + 0,50V =V [L_g)_ s 1,25 + o.so]
(1.06) (1.06) (1.06) (1.06) (1.06) (1.06)
The advantage of the second equation is that the value of each use can
be updated annually to adjust for inflation, and can be changed when
new information becomes available. These are separated into value and
full effect in the appraisal equations so that the values can be
changed when appropriate.

There is no evidence in Wisconsin to support or refute the
assumption of constant values, but real values are probably increasing
with the general trend in increasing recreational participation
nationwide. If real values are increasing in Wisconsin, the results of
the appraisal will underestimate the actual effects.

The use change in the equation is a measure of acres burned at 100
percent mortality in the appropriate timber types. Since the full
effect is for 100 percent mortality, it must be reduced for fires of
lower intensity. It is assumed that the relationship between effects
and intensity is linear. This is unsupported in the literature,
although it is intuitively reasonable to expect a positive relationship
between timber mortality and the food and cover available for wildlife.
The function is assumed to be linear because it simplifies the
calculation and because there is no evidence to the contrary.

White—-tailed deer is the predominant big game species in
Wisconsin, Moose are beginning to return to the state, but they are
still relatively rare. Since the effects of fire are generally
beneficial to moose, the assumption of no effect will probably cause a

slight underestimate of the benefits resulting from fire l/.
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The full effect of fire on deer is an increase of 3.86 hunter-days
per acre. This is the present net worth of a 3-fold increase in deer
populations for 10 years, multiplied by the average use of .175 hunter-
days per acre per year. The change in deer use is based on information
from a DNR wildlife biologisLZ/. This estimate is generally
supported in the literature, although some sources report higher
population increases. Vogl and Beck (1970) found deer use to be 2.8
times higher on the site eight years after a fire in northern
Wisconsin. 1In a study in oak in Pennsylvania, Ribinski (1970) reported
that a constant percent of available browse was consumed, regardless of
the amount of browse available. The burned sites showed a 16-fold
increase in browse and a 16-fold increase in browse consumed. Loomis
(1977) reported similar increases in available browse in his study of
an oak-hickory forest in Missouri. However, Dills (1970) found
increases in browse available of only three to six times the pre-fire
levels.,

The use change associated with the full effect is limited to red
and jack pine plantations and to northern hardwoods and white birch.
Although aspen is the most important deer browse species (Vogl, 1967),
the use of aspen stands is unrelated to the age of the standé/.

The increase in forage is related to crown openings, which is directly

proportional to mortality in pine plantations. The hardwood stands,

1/ For more detailed information on the effects of fire on
moose, see David L. Spencer and John B. Hakala, '"Moose and Fire on the
Kenai," Tall Timbers Fire Ecology Conference Proceedings No. 3
(Tallahassee, FL: 1964), pp 11-33,

2/ personal communication with Keith McCaffery. 7/26/79.

3/ 1bid.
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however, show little change in crown openings until mortality is at
least 50 percentl/. A linear relationship between no effect at 50
percent mortality and full effect at 100 percent mortality was,
therefore, assumed for northern hardwoods and white birch, while the
pine plantations have an assumed linear relationship from no effect at
zero mortality to full effect at 100 percent mortality. The use change
was assumed to be negligible in all other types except the swamp
conifers, as discussed below.

There is also a size effect on deer populations. McCaffery and
Creed (1969) found that deer use in forest openings in northern
Wisconsin decreases as the size of the openings increases. Since their
regression is based on openings and only very intense fires cause
openings (timber mortality of 100 percent), the size relationship must
be tempered. The area change, calculated by summing mortality times
acres burned for the appropriate timber types, is a more appropriate
measure to use than fire size2/,

A loss of deer habitat occurs if a conifer swamp is burned, since
cover is more restrictive than browse in winter habitat and conifer
swamps provide the most desirable cover (Wetzel et al, 1975). Most
deer yarding occurs in these conifer swamps (Kabat et al, 1953), so the
full effect of a fire in a swamp would be the temporary elimination of
deer use. The temporary period is 25 years if one assumes that stands
provide adequate cover when the trees reach about half of their

merchantable age.

1/ personal communication with Keith McCaffery. 7/26/79.

2/ personal communication with Leslie W. Gysel, Professor,
Department of Fisheries and Wildlife, Michigan State University, East
Lansing MI. 3/12/79.



42

Small game includes rabbits and upland game birds. These species
were grouped together to increase institutional acceptability, rather
than because of similarities in response to fire. Hence, the full
effect varies with the timber type (habitat) affected. Appendix A
shows the system before this change was made; separate effects for
rabbits, grouse, and pheasants are calculated in the handbook.

Table 7 shows the estimated changes in animal populations and the
discounted sum. Grange (1965) reported that the snowshoe rabbit
population cycle in Minnesota followed the successional changes in the
forest. The population peaked at 1.5 to 800 times above mature forest

populations for the second through the fifth years of the cycle. On

Table 7. -- Small game population changes.
Years Rabbit Upland Bird

Since Fire Estimate Discounted Estimate Discounted
1 - 1.0 - .9% + 3.04 + 2,87
2 + 1.5 +1.33 + 3.04 + 2,71
3 + 1.5 + 1.26
4 + 1.5 +1.19
5 + 1.5 + 1,12

Total + 3,96 + 5.58

severely burned sites in Alberta, a one-year disappearance of rabbits
was reported (Keith & Surrendi, 1971). Jack pine, black spruce, aspen,
and white birch have been identified as the types which comprise the

predominant habitat for snowshoe rabbits (Grange, 1965).
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Grouse includes sharptailed and ruffed grouse and Hungarian and
Chukar partridges because they have similar habitat requirements.
Quail have been included under pheasants. The increase of 304 percent
in the average of the increases in sharp-tailed grouse broods reported
by Kirsch and Kruse (1972). Two years has been identified as the
duration of fire-caused habitat improvement for prairie chickens, a
similar species (Chamrad & Dodd, 1972). Jack pine and aspen have been
identified as important in grouse habitat (Cayford, 1970) l/, while
numerous authors have discussed the beneficial effects of fire in open
fields for upland bird species, including pheasants and quail (e.g.
Hamerstrom, 1963; Komarek, 1971; Miller, 1963).

The full effect for the various timber types is the sum of the
animal population change times the hunter use for each species group.
Thus, open fields have an increase of .45 hunter-days per acre,
resulting from a 558 percent increase in pheasant popoulations times
.082 hunter~days per acre for pheasant and quail. Black spruce and
white birch have a full effect of .43 hunter-days per acre, from the
396 percent net increase in rabbit populations times .110 rabbit
hunter-days per acre. The full effect for jack pine and aspen is .77
hunter-days per acre. This 1is the sum of the .43 rabbit hunter-days
per acre increase and .34 grouse hunter-days per acre, resulting from a
558 percent increase in the ,062 hunter-days per acre for grouse.

The use change for small game is the product of mortality times
acres burned in the appropriate timber type. This is to reduce the
full effect for fires with less than 100 percent timber mortality. It

has been arbitrarily assumed that the relationship between timber

1/ Aspen was added by the Wisconsin DNR Committee.
Rhinelander WI. 11/7/78,
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mortality and effect is linear.

Waterfowl in Wisconsin includes geese, ducks, rails, coots, and
gallinules. The effects of fire on waterfowl is an increase of .30
hunter- days per acre. This is from the 315 percent increase in the
average use of .097 hunter-days per acre for waterfowl. Table 8 shows
the estimates and the discounted estimates for waterfowl. The increase
of 118 percent is a combination of increased nesting success and
increased numbers of nests. Kirsch and Kruse (1972) found a 58 percent
increase in nesting success on burned sites, and an increase in the

number of nests on the same site of 59.3 percent after the fire. The

Table 8. -- Estimated changes in waterfowl populations.
Years Since Fire Population Estimate Discounted
1 1.18 1.11
2 1.18 1.05
3 1.18 .99
Total 3.15

increase in the number of nests was reduced to 38.5 percent because
adjacent unburned sites also showed an increase in the number of nests,
possibly indicating population increases from causes other than the
fire. The three-year period for the predicted effects is arbitrary.
While numerous authors have discussed the beneficial effects of fire on
desirable food plants (e.g. Givens, 1962; Bendell, 1974), none have
addressed the question of how long the effects last. The use change is
limited to open types within one mile of open water, because most
waterfowl nest in open fields and marshes, and feed primarily in

water-related ecosystems.
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A loss to waterfowl occurs if the nests are burned. The full
effect is a one-year loss of the harvest of juvenile waterfowl, i.e.
birds born the preceding summer. In Wisconsin, 63.6 percent of the
annual harvest is juveniles (Jahn & Hunt, 1964). Thus, the full effect
is a loss of .06 hunter-days per acre (63.6 percent of .097 waterfowl
hunter-days per acre). A nesting index is needed to account for the
presence or absence of nests. Ward (1968) indicates that all waterfowl
nest from mid-May to the end of July, but mallards and pin-tails begin
nesting by mid-April. Since these two species total 47.3 percent of
the ducks which nest in Wisconsin (March et al, 1973), and since ducks
account for 69.6 percent of all waterfowl use (Wisconsin DNR, q), the
nesting index is .33 between mid-April and mid-May. From mid-May to
the end of July, the index is 1,00, and it is .00 the rest of the year.
The use change is again limited to marshes and open fields within one
mile of open water.

Non-game species include all animals which are not hunted. For
this study, non-game effects are limited to the effects of fire on
non-game birds for two reasons: most wildlife observation is
birdwatching, and the literature has contradictory reports concerning
small mammals. Specifically, two recent studies (Buech et al, 1977;
Coble et al, 1976) have shown significant short-term reductions in
small mammal populations following fires, but other authors reported
short-term increase to such populations (Ahlgren, 1966; White, 1960),

The full effect of fire on non-game birds is an increase of .20
observer-days per acre. The total effect is an 18 percent increase in
birds for one year. This is the average of increases reported by Bock

and Lynch (1970), a 28.6 percent increase in number of species present,



46
and Bendell (1974), only a 7.4 percent increase. Ahlgren (1963) found
such increases to last only one year following prescribed burning.

Rare, endangered and threatened species listed for Wisconsin
include many predatory species and several aquatic species of
amphibians and reptiles (Wisconsin DNR, 1975). The effects of fire has
been assumed to be negligible unless a particular species can be
identified as being directly affected. This was the limit that the DNR
Committee would accept. Generally, the assumption of negligible effect
is true. The aquatic species are unaffected, since water quality is
assumed to be unaffected by fire. The predators are either unaffected
or benefitted due to the generally beneficial effects of fire on game
and non-game species. Threatened gallinaceous birds, including the
prairie chicken, the yellow rails and the piping plover, are also
generally benefitted since they respond much like the upland game
birds. Kirtland's warblers have been identified in Wisconsin, but
sighting are very rare and scattered. It is unlikely that there is a
native population in Wisconsin.

Fish are assumed to be unaffected by fire. Fire-caused pollution
could influence fish populations by affecting other biota (Komarek,
1965), but such pollution has been assumed to be negligible in
Wisconsin, as previously discussed. In addition, stream temperature
changes have been reported as too small to affect trout populations
(Helvey et al, 1974).

Wildlife Values

The values used in assessing the effects of fire on wildlife are
listed in Table 9. The values are the expenditures made in Wisconsin

in 1975 for various types of hunting and for wildlife observation
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(National Analysts, 1975), inflated to 1978 dollars using the Consumer

Price Index.

Table 9. -- Wildlife use, expenditures, and values.

Activity or Days Expenditures Expenditures 1978 Value

Species Group of Use 1975 Dollars 1978 Dollars Per User Day

----------- -milliong- - - - - - - - - - -
Deer 6.03 121.71 158.19 25.39
Small Game 8.67 52.82 66.48 7.67
Waterfowl 2.61 28.51 35.89 13.75
Observations 38.76 16.34 20.56 .53
Recreation

Most resources affected by fire can be associated with a single
purpose, like timber or water. Recreation is different, however,
because it includes many uses, ranging from hunting to hiking, from
boating to sightseeing. Some of these uses are mutually exclusive at a
particular time, like hiking and boating, but others, like camping and
hunting, can be complementary. Other chapters have covered some of the
aspects of recreation use. Evaluation of the effects of fire on
wildlife-associated recreation is discussed earlier. The aspects which
will be covered in this section are the change in recreation use, other
than the use associated with wildlife, and the change in long-term
visual quality or aesthetics. The effects of fire on ornamental trees
is also covered, although they are really property improvements, not
unlike a fence or a picnic table. The DNR Committee decided that

ornamentals should be included as a part of recreation.
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Aesthetics

That beauty has value in our society is obvious when one examines
the prices paid for some paintings and sculptures. The value of an
aesthetically pleasing view is shown by the crowds of visitors to such
beautiful parks as Yosemite and Yellowstone. While there is no
concrete evidence that a burned site is less desirable than an unburned
site, the usual reaction to Smokey Bear advertisements suggests that
fire, and the resulting burned site is undesirable. For a marketable
commodity, like
timber, this undesirable condition would be reflected in the price and
the quantity purchased, but price and quantity are not relevant
measures for aesthetic quality.

The technique selected for the DNR is to use a descriptive term to
identify the relative effect of the fire. It was decided that no
dollar value would be estimated for two reasons. First, because

' gtandardization of the value

"beauty is in the eye of the beholder,'
might be impossible. The second and more important reason is that the
DNR Committee decided that any value would be unacceptable to the
"powers that be."

Several variables influence the relative effect of a fire on
aesthetics. The variables which will be used include the size of the
area burned, the aesthetic importance of the area, and the intensity
and duration of the effect. The size of the area burned is measured in
acres, using six arbitrary classes so that tables with discrete
categorizations of the relative effects could be developed.

Five recreation use classes were identified to rate the relative

aesthetic importance of the burned area. One criterion for selecting
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the use class is the type of road from which the burned site can be
seen; the highest category is a site visible from a four-lane highway,
while the lowest category is a site which cannot be seen from any road.
The second criterion is the general recreational use of an area from
which the fire site is visible. Lakes with public access and developed
sites like campgrounds and picnic areas rate the highest category. The
middle class includes burned sites seen from any lake or lakeshore,
from moderately used trails or pathways, and from streams with moderate
fishing or heavy to moderate canoeing. The lowest category is used for
burned areas which cannot be seen from any road, trail, lake, or
stream,

The third variable considered is the intensity and duration of
the fire's effect. This will be measured by the average timber
mortality, using four arbitrary categories., If the fire is only in
non—-timber types, the effect will probably be short-lived, as grasses
and most shrubs come back vigorously following fires. The effect was,
therefore, assumed to be negligible for fires with less than 19
percent average mortality. Although numerous authors have discussed
the beneficial effects of low-intensity fires on aesthetics (e.g. Fox,
1969; Papenfus, 1971; Perkins, 1971), the DNR Committee decided that
any assessment of aesthetic benefits to low—-intensity fires would be
administratively unacceptable.

The aesthetic effects range from extreme damage to very heavy,
heavy, moderate, and light damage and to negligible effect, as shown
in the handbook, Appendix A. The effect for each combination of
average mortality, acres burned, and recreation use class was
determined arbitrarily by the author with adjustment by the DNR

Committee,
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Ornamental Trees

As described previously, ornamental trees are really improvements
which enhance the visual quality of a site. On developed recreation
sites, they should result in increased use, just like any other
improvements. However, ornamentals can affect the property value of a
vacation home, for example, and thus have value which 1is not strictly
limited to affecting income.

There are numerous methods available to calculate the value of an
ornamental tree, identified in Table 101/, One method is to
estimate the timber value of the ornamental, but selling timber is not

the reason (usually) for having ornamentals. Another technique is to

Table 10, -- Ornamental tree valuation models

Alternatives Method Chosen Rationale

Timber Value Evaluation Formula 1. Data availability
Property Value 2. DNR abilities
Asset Value

Legal Value

Replacement Cost

Evaluation Formula

AN WN -
L]

determine the property value change resulting from having (or losing)
an ornamental tree; the problem here is the need for an accurate
appraisal of the market value of the property. A third way is to
estimate the asset value, usually done by municipalities by
capitalizing the annual maintenance costs; this, however, assumed the
ornamental is worth whatever is spent to keep it alive. The next
technique is the legal value, as defined by the courts, by the Internal

Revenue Service, or even by insurance companies; unfortunately, there

1/ This discussion is based on Michael T. Lambur, Economic
Values of Urban Trees (unpublished manuscript, Michigan State
University, Department of Forestry).
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is very little useful information available about these valuations.
Another method is to estimate the replacement cost, but it is nearly
impossible to replace burned ornamental with a tree identical to the
ornamental before it was burned, especially as the diameter increases.
The final method is the use of an evaluation formula. Several formulae
are available, with the basic value usually related to circumference,
diameter or basal area. The most widely used formula was developed by
the International Shade Tree Conference (ISTC) in 1969. This formula
includes a basic value per square inch of basal area, a species factor
to account for the hardiness and desirability of the species, and a
condition factor to assess the health and desirability of the affected
ornamentals. It has been suggested that a location factor is also
important in determining the value of a specific tree (MF&PA, 1978).

The technique selected for the Wisconsin DNR is the ISTC
evaluation formula. Theoretically, the most correct technique would be
to estimate property value changes, but this requires accurate property
value appraisals. The DNR Committee rejected this as more than the
field personnel could handle. The ISTC formula appears to be as
accurate as the other techniques available, and it is widely used in
arboriculture and urban forestry. One additional advantage is that it
is simple to implement.

Ornamental loss is calculated by multiplying the cost by the
condition class and the location class for each ornamental which is
killed. The condition class is a relative rating, between zero and
one, of the health, form, and vigor of the affected ornamental.
Location class is an assessment of the importance of the ornamental in
the landscape, from one for lone trees on an imbortant site to zero for

trees that aren't ornamentals.
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Replacement costs for shrubs and small trees are generally
available from nearby nurseries. Cost for larger trees is calculated
by multiplying the basic value by the basal area and the species
factor. The species factor for the various trees in Wisconsin was
determined as the average values for Michigan and Wisconsin (MF&PA,
1978; Wisconsin b) and is shown in Appendix A.

The base value used in Wisconsin is $16.77 per square inch of
basal area. This is from the $9 per squre inch determined at the
International Shade Tree Conference in 1969, inflated to 1978 dollars
using the Consumer Index. This is the only value reported in the
literature surveyed.

Recreation Use

There are basically three values associated with recreation, as
described in the wildlife section. They include activity value, option
value, and existence value. Activity value is the value of a
particular site for recreating, while option value is associated with
the desire to maintain the possibility of recreating in a certain way
on a particular site. Existence value is the value of knowing that a
certain type of recreation on a specific site is available even with no
current or expected participation (Brookshire et al, 1978).

Recreation is considered a non-market service, because camping is
generally the only activity provided by the private sector. This is at
least partly because of the area needed for much recreation and many
private lands are too small to provide adequate facilities. Another
factor is that some important uses, like sightseeing, are virtually

impossible for a landowner to control or prevent.
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There are several ways to measure the value of a non-market
commodity. Willingness to pay, measured by surveys or travel costs or
consumers' surplus, is one technique. Another is to calculate the cost
of alternatives, either the opportunity costs of the existing site or
the additional cost to use a different site. The third technique
frequently suggested is to use expenditures, measured in one of several
possible ways.

The gross expenditures method is the technique selected for the
Wisconsin DNR. One reason is that the DNR Fuels and Effects Committee
felt that the values derived using this method were administratively
acceptable. Another reason is that gross expenditures is the only
measure which is available for many types of recreation. As discussed
earlier, consistency is very important in planning (Schuster, 1977).
Precautions have been taken on the appraisal reporting form to prevent
comparisons of recreation values with other values estimated in the
fire appraisal.

The valuation method is fairly simple and straightforward. Since
the available values are measured by user groups per day, it is
necessary to estimate the number of user groups lost and the length of
time affected. The user groups lost can generally be determined from
the records of the owner or manager. Only developed recreation sites
were assumed to be significantly affected by fires. There is obviously
some judgement involved, but the DNR Committee felt that this was
acceptable due to the relatively rare occurrence of such circumstances.
Judgement 1is also involved in selecting the most appropriate use
category of those available. Only use lost during the current season

is included since recreational equipment and improvements are assumed
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to be replaced or restored.

The values to be used in calculating the fire effects on
recreation use are listed in Appendix A. The values are the
expenditures made in Wisconsin in 1969 (Wisconsin DNR, 1969), inflated
to 1978 dollars using the Consumer Price Index.

Environmental Quality

There are many aspects of the environment which can be affected by
fire. These include water quality, soil stability, air quality and
life and limb. Most aspects, like water and personal property, have
been discussed previously. Human life won't be covered because death
is a rare occurrence in forest fires in Wisconsin, as well as the
reluctance of the DNR to placing a specific value on a human life.

The air quality values which can be influenced are related to the
desire for clean air. Since the primary pollutants are carbon dioxide
and particulates, there is little health risk attributed to forest
fires (Cooper, 1971; Hall, 1972). However, the particulates can cause
problems such as soiling clothes and dirtying windows. Smoke can also
cause the '"Smokey Bear Syndrome'", the fear associated with fires
(Papenfus, 1971).

The technique selected for the DNR is to use a descriptive term to
identify the relative effect of the fire. It was decided that no
dollar value would be determined for two reasons. First, the ability
of the field personnel to estimate changes in visibility, costs
associated with the soot, and increases in fear is severely limited.
Second, and more important, the DNR Committee felt that the arbitrary
nature of any value attached to such effects would obscure any meaning

the relative descriptions would have in their planning.
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Several variables are to be determined in the field. One
important variable is atmospheric stability, since this is the primary
influence on the time needed for smoke dispersal (Schroeder & Buck,
1970). Another is the volume of smoke produced. Based on the
experience of the DNR Committee, smoke volume depends mostly on the
size of the fire and on the duration of smoke production. Thus, a peat
fire with a relatively small size may produce a large volume of smoke
whereas a large grass fire may produce much less. The smoke index, an
ordinal measure of smoke volume, is the product of fire size and smoke
duration.

The third variable considered is the population which is affected
by the smoke. Five population use classes were identified to rate the
relative importance of the use areas affected by the smoke. These
classes generally depend on the size of the city or town in which the
smoke can be detected, although highway size and recreation importance
can also influence the classification.

The effects range from extreme damage to severe, heavy, moderate,
and light damage and to negligible effect, as shown in Appendix A. The
effect for each combination of smoke index, population use class, and
atmospheric condition was determined artibrarily by the author with

adjustment by the DNR Committee.



CHAPTER 5. RESEARCH NEEDED

Many assumptions have been made in the development of the DNR Fire
Effects Appraisal Handbook. Some are extrapolations from existing
research beyond the relevant ranges of the studies. Other assumptions
have been based on field experience or intuitive logic, without
explicit analysis. Research is needed to test the key assumptions and
to provide information which can be used to improve the accuracy of the
system. The following discussion of research topics is separated into
market and non-market resources.

Market Resources

Timber Mortality and Cull

This may be the most important research topic. Mortality
estimates affect non-market resource values, specifically aesthetics
and wildlife, as well as timber values. The data used to develop the
conifer mortality predictors are from prescribed fires in red and white
pine stands in southern Ontario and from wildfires in red and jack pine
stands in Wisconsin. There is insufficient data available to determine
if the various conifer species are affected differently, or if tree
size (height or diameter) has an affect on the mortality predictionms.
There is the implicit assumption that crown scorch is the best
predictor of mortality. The hardwood mortality curves were derived
from an oak-hickory forest in Missouri. Research is needed to
determine if the curves are appropriate for oaks in Wisconsin and
whether the predictions are applicable to other hardwood timber types.
Bark scorch has been assumed to be an adequate predictor, since it is
the measure used in the Missouri oak-hickory study. Live cull, damage
to volume or value without mortality, has been assumed to be

56
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negligible, while this assumption is based on existing research, there
is literature to the contrary (e.g. Burns, 1955; Kuenzel, 1936),
Immature Stand Valuation

Many assumptions were made in the procedure used for valuing
immature timber. Most involve data derived from research on the
Wisconsin timber supply (Essex & Hahn, 1976; Spencer & Thorne, 1972).
Several adjustments were needed to balance with the field experience of
the DNR Committee members. Research is needed to provide an empirical
basis for predicting volume and the age at which that volume is
reached.

Timber Stand Regeneration

There are two questions on this topic which need to be addressed.
The first is whether the effects of fire on regeneration need to be
asgsessed. The effects on plantations were assumed to be zero, since
natural regeneration and timber plantations are mutually exclusive;
however, wildfire could cause an increase in the costs of site
preparation and the increase would be attributable to the fire. In
addition, preliminary estimates indicate that the values involved in
natural regeneration are usually less than one-tenth, and often less
than one percent, of the damage to the existing stand. Since the
procedures for estimating regeneration loss and replacement value are
rather lengthy and complicated, it may not be worthwhile to appraise
these effects.

The second question for regeneration research is when regeneration
is needed and what type of regeneration occurs. This research is only
important if the values involved are significant enough to be appraised.

The procedures developed for the Wisconsin DNR assume that regeneration



58
will occur when it is needed except for fires in red pine stands, young
jack pine stands, and some white cedar stands. Regeneration is assumed
to be necessary, but with a timber type change, in these stands with
over fifty percent mortality. Research is needed to determine the
conditions in all timber types when regeneration becomes necessary.
Research is also needed to establish the timber type and the density of
the regeneration. The new system assumed that regeneration is usually
the same timber type (with the exceptions noted) and the same density
as the existing stand.

Non—-Market Resources

Wildlife Valuation

The major assumption in the wildlife appraisal section is that
human use, and therefore value, varies proportionally with>changes in
wildlife use of the burned site. Research has suggested that there 1is
a positive correlation between wildlife populations and human value,
but the specific relationship has not been identified for any animal
species or for any particular site. Another important assumption is
that wildlife use of the burned site is unrelated to use on adjacent
sites. While there would seem to be some relocation in use patterns, it
was stated that the effect was negligible for deerl/, the species
one would expect to show the greatest change in use patterns. This is
obviously an area which needs to be examined.

Even if research indicates that human use is directly proportional
to wildlife populations and that there is no relocation effect, there

are still several assumptions upon which the appraisal system is based.

1/ personal communication with Keith McCaffery. 7/26/79.
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One is that all population responses identified in the literature are
for very intense fires (100 percent timber mortality) for the "average"
site in Wisconsin. Another assumption is that there is a linear
relationship between no effect at zero timber mortality and full effect
at 100 percent mortality (except for deer in northern hardwoods and
white birch). A third assumption is that the identified habitat
(timber) types are affected identically, and there is no effect on any
other cover type. Research is needed either to verify the relationship
between timber mortality and population response to fire in various
cover types or to establish some other measurable independent
variable.
Recreation Use

It was assumed that changes in use at developed recreation sites
could be determined, while changes in dispersed recreation use would be
negligible. The method for estimating use change at developed sites
may be adequate, especially since fires at developed sites are
relatively rare (none in the two years of testing). Research is
needed, however, to assess the changes in dispersed use. Intuitively,
some uses are unaffected, like sailing and canoeing, while many uses
like hiking may be damaged and others, blueberry picking for example,
may be benefitted.

Non-Market Values

Expenditures was the value measure used in Wisconsin because it
met the needs of the DNR: it was a consistent measure for several types
of use that varied by type of use affected. The studies used for
determining wildlife and recreation expenditures, however, were

conducted by different groups for different purposes, and therefore may
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not be comparable. Also, as discussed earlier, expenditures may not be
a desirable measure of value. Research is needed to establish a
consistent basis for valuing all non-market resources.
Ornamental Trees

There are at least three areas needing research for ornamental
assessment. One is to determine the value of an ornamental tree; the
ISTC value is acceptable, but the rationale for the base value was not
discussed in the literature surveyed. Another research topic is in
defining ornamental trees; the description used was determined
arbitrarily, although it satisfied the DNR Committee. A third area is
determining the probability of an ornamental being killed or losing
some of its value as an ornamental. The assumption used is that a tree
will die if the timber mortality predictors indicate over a fifty
percent expected mortality in a timber stand; if the tree is not
expected to die, there is no effect on its ornamental value.

Aesthetics and Air Quality

The table for rating the relative effect of wildfires on
aesthetics and environmental quality were developed in an arbitrary
manner. The classes used for fire size, mortality, use, and smoke
volume were determined arbitrarily. The descriptions of the effect
were also arbitrary, although they correspond with the categories used
in the National Fire Danger Rating System. Research is needed to
provide a more consistent and objective basis for evaluating the
effects, and preferably to determine value changes which at least

correspond with the recreation and wildlife values.



CHAPTER 6. IMPLEMENTATION

There were several concerns which arose during the development of
the system that had to be considered. The most important concern
throughout the development centered on resource values, especially the
relative sizes of timber and wildlife values. There was a general
awareness that a distinction between market and non-market goods was
necessary, but it was not discussed explicitly in the first few
meetings. However, after several discussions, the DNR Committee
unanimously agreed that a statement concerning the non—comparability of
values must accompany any and all benefit and loss estimates. In
addition, some training of DNR personnel was considered necessry to
help them understand the difference.

Another concern was the potential loss resulting from fire-induced
type conversions, particularly in relation to the change from jack pine
to aspen following one large fire in central Wisconsin. The concern
was satisfied by including the regeneration loss and replacement value
for certain stand conditions. The DNR Fuels and Effects Committee had
found that the values involved probably did not justify the effort
expended to calculate them, but concluded that they would only be able
to eliminate the procedure when they could prove the insignificance of
the values.

A third question which was raised more than once was the
occurrence of cull in hardwoods. Research has shown that fires can
cause scars without killing the trees, but some evidence indicates that
multiple fires are necessary for significant scarring. The DNR
Committee decided to accept the assumption of negligible cull while
initiating a study to analyze this assumption.
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The effect of fires on rare and endangered species was discussed
at several Committee meetings. There was a desire to at least consider
such effects. After discussing a proposal for appraising such effects,
the DNR Committee decided to exclude the specific approach. The
general feeling was that any specific statements would be indefensible,
unless the individual were a wildlife expert, and that it could be
argued that rare and endangered species were a part of the non—-game
species.

The fire effects appraisal system was approved by the DNR
Committee at a meeting on August 29 and 30, 1979. During the meeting,
two major tasks were assigned to help get the system instituted. The
first task was to get the approval of the state forester and the fire
control staff for a test of the system during the 1980 fire season.
This test was to include about a dozen people, selected so as to cover
the entire range of timber types and experience in Wisconsin. Other
factors in the selection were the ability of persons to handle the
added work of applying both systems and their willingness to critically
analyze the system. Preliminary selections were made at the August
meeting. The participants are listed in Appendix B. The second task
was to present the proposed system at the annual staff meeting in
Madison in late October. This step was deemed necessary to head off
opposition.

Several more meetings were arranged during that August session.
The DNR Committee agreed to meet in early November to prepare the
training program for the dozen participants. The topics for
instruction were divided among the Committee members. Another meeting

was set for late January for a dry run of the training program with the
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training scheduled for late February.

The training meeting was held in Tomahawk, Wisconsin, on March &4
through 6, 1980. The meeting opened with a background and history of
the development, followed by the presentation of the new system. There
were a lot of questions, but none that had not been raised by the DNR
Committee during the development. On the final day, a comparison of
the expected timber effects using the old and new systems was made.
Finally, the rules for testing the system were specified. Each
participant was to use both systems for the 1980 fire season. At least
30 days after the fire, each was to return to the fire site to check
the mortality prediction. Lastly, each person was asked to critically
evaluate the system, and be prepared to discuss changes and
improvements at the planned autumn meeting.

The DNR Committee meeting for reviewing the system took place on
November 5 and 6, 19801/, The focus of the meeting was the wild-
life section. There was some dissatisfaction with this section,
although there were few specific suggestions for improvement. One
change which was prepared too late for inclusion in the test was the
replacement of the rabbit, grouse, and pheasant effects by the small
game effect, as presented in this paper. While the change in calcula-
tions is minor, the DNR Committee felt it would increase the
administrative acceptability of this section. One specific problem
which was raised is-that the pheasant effects may be grossly

overestimated; apparently a substantial portion of the pheasant harvest

1/ The observations on this meeting are from personal
communication with Gene Miller, Wisconsin DNR Fuels & Effects Committee
member. 11/12/80
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is from a "put-and-take" operation. The proposed solution is to reduce
the full effect by the percent of the harvest which is from the native
population.

One major complaint was the amount of time required on the
wildlife effects. The primary example was that the non-game effect was
less than one dollar for every fire in the test. The DNR Committee
responded that some calculations may be eliminated when there is enough
evidence to suggest that the effect is negligible, and the non-game
effect appears to be negligible. In addition, the Committee decided to
substantially rewrite the handbook to simplify the procedures and to
meet Wisconsin printing requirements.

Another criticism focused on the size of the calculated benefits.
Part of this problem was related to pheasants, as noted above, but much
of it resulted from the selection of the participants. About 80
percent of the fires in the test were in the southern half of the
Wisconsin although most of the fires that the DNR suppresses are in the
northern half, which has much lower waterfowl and pheasant success
indices. The Committee has suggested that the commitment to a fair and
reagonable wildlife appraisal could be improved by increasing
field-level cooperation with the Wildlife Division. Contact would be
made by a Committee member early in 1981,

There were two complaints about the timber effects section. One,
particularly from the southern areas, was that the system seemed to
ignore timber quality losses for surviving trees. The Fuels and
Effects Committee responded with the existing state-of-the-arts

information on live cull, and promised further study, but no specific
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tasks or responsibilities were identified. The other complaint was the
valuation of immature plantations. Several participants asked if
replacement costs could be used, even after being shown that
replacement costs were often lower than the calculated loss. One
suggestion was to include both on the fire report, but this will
undoubtedly lead to summing them, and therefore, to substantially
overstating timber losses. The response to this request was left open.
The question of site clearing costs was also raised. I had earlier
told the DNR Committee that any costs which exceeded normal site
preparation costs were legitimate fire-caused losses, but no consistent
method for estimating this exists. The DNR Committee decided to look
further into the possibility of estimate site clearing costs.

There was some dissatisfaction with the "adjective values" used in
aesthetics and environmental quality. Following the discussion, the
DNR Committee decided to continue with that structure. The
participants agreed that was probably ;he best alternative available,
even though it was not particularly satisfying to them.

The Committee was pleased with the overall response to the new
system. Their major concerns were the acceptability of the system and
the accuracy of the mortality predictors. Though there was some
dissatisfaction with the system, most agreed that it was an improvement
over the existing system and should be implemented. The mortality
checks conducted by the group appear to be reasonably close to the
predictors. The new data will be added to the existing data and new

curves will be drawn, but the feeling is that the changes would be
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minor. One problem is fire running up the bark of white birch trees;
this causes very high bark scorch without a correspondingly high
mortality rate. Further research on this problem, and on all the
mortality estimates, is planned.

The handbook will be substantially rewritten from the form
presented in Appendix A. The handbook and the necessary forms will be
finalized by October, 1981, so that they can be printed and distributed
during the winter. Training sessions will probably be conducted
throughout Wisconsin prior to the 1982 spring fire season, when the new

fire effects appraisal system will be implemented state-wide.
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Equipment Needs

The following equipment is needed to make field measurements for this
appraisal system. These items should be stored in the ranger's truck.

1. Tatum

2. Handbook

3. Supply of field worksheets

4, Bitterlick stick or prism

5. Cloth tape

6. Diameter tape

7. Ax or fin saw .
8

Increment borer
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Step 1.

Step 2.

Step 3.

Rev. 1/80

TIMBER
Identify overstory cover types on the burned area.

A. For each type, select the appropriate symbol from column 2
of Cover Type, Table 1 in Appendix A, and record it under -
Cover Type. If more than one species occurs, select the
dominant one, using the definitions listed in Cover Type
Table 1.

B. Record the size class and density class for each overstory
timber type, using the categories in Size-Density Table 2
in Appendix A.

NOTE:
1. Use the lower size class whenever an overstory stand
is composed of more than one size class, unless over

75 percent of the trees are in the higher class.

2. If the stand is a plantation, mark a "P" in front of
the timber type. 1If it is a Christmas tree plantation,

mark ''CP".

3. Plantations in immature size class (0-5") are in
density class 4 unless poorly stocked; then use
class 3.

4, Christmas tree plantations must be recorded by tree

species, average tree age, and number of trees per acre.
Record trees per acre under Density Class.

c. Enter the acres burned for each type under Acres Burmed.

Identify understory cover types on the burned area. If there is
an understory present, record timber type, size class, density
class, and acres burned as for overstory types. Record each
understory timber type on the line directly below the overstory
type it is associated with and draw loop connecting the two lines.

Determine scorch for each burned timber type. Scorch is very
important in determining timber loss. Additional time should be
spent obtaining this figure for high value timber, large acreages,
or when other circumstances warrant a more accurate figure. Trees
estimated should be in the same diameter class as the cover type.

If an understory is present, determine a separate estimate for those
trees. If one portion of the cover type sustained a higher amount
of scorch than the remainder, consider treating the two portions as

‘separate timber types.

A. For each conifer stand, estimate the average percent of crown
scorch and record under Scorch. Crown scorch is the amount
of needles discolored. Estimate at least 4 representative
trees separately and average together. If scorch varies
drastically, estimate more than 4 trees. Trees with all
needles consumed are 100 percent.
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Step 3.

(Cont'd)

Step 4.

Step S.

Step 1.

Step 2.

Step 1.

Step 2.

Step 1.

DAasr 1/20

B. For each hardwood type, estimate the maximum height of
bark scorch in feet. Bark scorch is the amount of bark
that is discolored; at least 4 representative trees should
be measured and their maximum heignhts snould be averaged.
Record under Scorch.

For each immacure stand (0-5"), decermine the average age of the
trees in the stand; round to the nearest 5 years. Record under
Age.

For each merchantable stand in density class 4, estimate the
volume per acre and record under Volume.

NON-TIMBER

Identify each non-timber type on the burned area, according

to the definitions in Cover Type Table 1 in Appendix A. Select
the appropriate symbol and record it under Cover Type; record
the acres burmed under Acres Burmed.

Add the total non-timber acres burmed and the total timber acres
burned, and record under Tocal Acres 3urmned.

CROP

Identify each crop type oun the burned area. Record each under
Crop and enter area ourned for each crop under Acres Burmed.

Determine if each of the burned crops has been harvested in the
current growing season. If the crop has been harvested, record
a "yes" under Harvested. Examine nearby unburned crops or ask

the farmer or a neighbor to determine if the crop has been harvestad.

EQUIPMENT

Determine all equipment and improvements which require replace-
ment or additional maintenance. Was the equipment/improvement
insured? By what company? What was the cost when new? List

each with an estimate of its condition before the fire. The
general coundition should be determined from the condition of

other nearby pieces of the same type of equipment, with adjust-
ment based on the knowledge of the owner or manager. If the piece
was unique on the site, or if all such pieces burned, the estimate
should be based on the judgment of the owner or manager.

1N




EQUIPMENT - Step l. (Cont'd)

Step 1.

. Step 2.

The following condition classes should be used:

Excellent = virtually brand new

Very Good = fairly new, but with some evidence of wear

Good = worn, but still working well

Fair = well worn, but still working

Poor = gtill working, but obviously needing replacement

If the item is basically junk/scrap metal, about how auch
does it weigh? Finally, devote effort commensurate with
values; i.e., if values are high, do a lot of digging. 1If
low——not too much.

RECREATION

Determine which Recreation Use Class is affected by the fire.
Select the highest class in which the fire can be classified.
Record under Use Class.

Recreation Use Class

Fire site can be seen from a 4-lane highway, OR from a
lake with a public assess, OR from a developed reacreation
site (campground, public beach, picnic ground, ectc.).
Fire site can be seen from any state or federal highway,
OR from any lake with boating access, OR from heavily
fished streams, OR from heavily used trails or pathways.

Fire site can be seen from any paved road, OR from any
lakeshore (wnere the lake is at least 1 acre), OR from
any stream with a moderate amount of fishing or with heavy
or moderate canoe use, OR from any moderately usad trail
or pathway.

Fire site can be seen from any road or trail OR from any
permanent stream.

Fire site cannot be seen from any road, trail, lake or
stream.

Determine all ornamental trees which are killed (all hardwoods
less than 5"; hardwoods 5" or more with scorch height of 8' or
more; counifers with crown scorch of more than 70 percent).

A.

The condition of each tree should be estimatad, using the
knowledge of the owner or manager. The following condition
classes should be used:




RECREATION - Step 2.

(Cont'd)

Step 3.
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1.00

0075 =

0.50 =

0.25 =

Record

Condition Class
A well formed tree, with no visible defects.

An aesthetically pleasing tree, with some visible
defects (like dead branches), but in very good
health.

A nice looking tree, with visible defects (like
dead branches or basal scars) and adequate
health.

.
»

An acceptable tree, but in rather poor health.

the appropriate value under Condition Class.

The location of each burned ornamental tree should be
recorded using the following location classes:

1.00 =

0.75 =

0.50 =

0.25 =

Record

Location Class

A tree which is standing alone on a lakeshore, OR
in a developed recreation site (campground, public
beach, etc.), OR in the front yard of a home.

A tree which is standing in a small group on a
lakeshore, OR in a developed site, OR near a home.

A tree which is standing near the forest edge
around a lake, OR a developed recreation site, OR

a home; it must be within 100 yards of the lake,
site, or home and within 10 feet of the forest edge.

A tree which is visible from a lake, a developed
recreation site, or a home, but which is definitely
a part of the forest (along the edge); it must be
within 100 yards of the lake, home, or recreation
site.

the appropriate value under Location Class.

Determine the diameter (at breast height, if possible) and

record

under Diameter.

For each developed recreation site, estimate the number of
visitor groups which would have used the burned site during the
remainder of the season (from the time of the fire until December 31).
This should be related to the number of campsites, picnic sites,
trails, etc. which will be closed to use. The use of each site can
be determined from the records of the owner or manager. Record the
estimate under Visitor Groups Lost.

10-85



ENVIRONMENTAL QUALITY

Step 1. Determine if the atmosphere is in a stable or unstable condition.
' Record under Atmospheric Condition.

A. Stable - The clouds, if any, are flat and tend to be thin
and wispy (cirrus); smoke columns flatten out and tend not
to rise very far; if there are any winds or precipitation,
it is steady; visibility is poor (hazy conditioums).

B. Unstable - The clouds are very puffy like thunderheads
(cumulus); smoke columns rise very high and dissipate;
winds and precipitation tend to be strong and gusty
(showery); if it is clear, the visibility is very good
(no haze or fog).

Step 2. Determine the length of time in hours (or fraction of hour if
less than one hour) that the fire is producing a significant amount
of smoke in the Population Use Class you have chosen for the fire.
Times from the fire report can be used to assist this estimate.
Record under Smoke Duration.

Step 3. Determine the Population Use Class which is affected by the fire.
Select the highest class possible. Record under Population Use
Class.

Population Use Class

A: Smoke can be detected (seen or smelled) within a city of
more than 100,000 people.

B: Smoke can be detected (seen or smelled) within a city of
more than 10,000 people.

C: Smoke can be detected (seen or smelled) within a city or town
of more than 1,000 people, OR on a 4-lane highway, OR at a
developed recreation site (campground, boat launch, picnic
area, etc.).

D. Smoke can be detected (seen or smelled) within a town of at
least 100 people, OR on any paved road, OR at any moderately
used recreation site (fishing streams, lakes, trails, etc.).

E: Smoke cannot be detected (seen or smelled) within any town of

100 people or more, NOR from any paved road, NOR at any
moderately used recreation site.

Rev. 1/80 10-6
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WILDFIRE EFFECTS ON TIMBER

Step 1. Effects on Merchantable Conifers (except Christmas trees).

A. Determine Current Loss for each conifer timber type.
Use the formula:

(1) (2) (3) (4)

Current Loss = Volume x Price x Mortality x Acres Burned

Calculate using numbered definitions of terms below and
record under Current Loss. For natural PR stands with
mortality exceeding .50, see part B. below. For C stand
with mortality exceeding .50 and either a hardwood under-
story or more than 30 percent of the stand in other swamp
conifers, see part C. below. For all other cases,
Regeneration Loss = 0 and Replacement Value = 0. Calculate
Loss and record under Loss, using the formula:

Loss = Current Loss + Regeneration Loss - Replacement Value

1. Volume is from the table below using the size class
and density class recorded in the field. If volume was
measured directly in the field, that volume may be used
if it represents the stand better.

Size Class Units Density Class
LA A rtre [ ) ' n
5-9" Cords a/ 16.5 10.0 5.0 0.0
9-15" MBF al/ 6.7 3.7 1.8 0.0
15"+ . MBF a/ 10.2 6.4 2.8 0.0

a/ Volume was estimated in the field.

2. Price for each timber type is listed by district in
Stumpage Values, Table 1 in Appendix C. For each
plantation or pure species stand with considerable
loss, contact the Area-Forester for the current
market price for the species. If there are explicit
restrictions on timber harvesting (like wilderness
areas or developed campgrounds), then the price is $0.00.

3. Mortality is determined from Conifer Mortality, Figure 1,
Appendix B. Round off to 2 decimal places and record
under Mortality.

4. Acres Burned was recorded in the field.

B. Red Pine (PR) Regeneration Loss and Replacement Value.
(a) (b) (c) (d)

1. Regeneration Loss = Volume x Price x Periodic Rate x Acres Burned

(a) Volume is from the table above using size class
15"+ and the density class recorded in the field
(if the stand was density class 4, the volume is
13.7 MBF).



WILDFIRE EFFECTS ON TIMBER -~ Step 1, B. (Cont'd)

(b) Price for PR sawtimber is liscted by discrict
in Stumpage Values, Table 1 in Appendix C.

(c) Periodic Rate is .00069 - the rate which -
corresponds with the rotation age of natural
red pine (130 years).

(d) Acres Burned was recorded in the field.

2. Replécement Value = $0.00.

NOTE: Returm to where you were Page 20-1 for merchantable
conifers and Page 20-3 for immature coanifers.

White Cedar (C) Regeneration Loss and Replacement Value.
(a) (b) (c) (d)

1. Regeneration Loss = Volume x Price x Periodic Rate x Acres Burne

(a) Volume is from the table below using the deasity
class from the field.

Density Class
Units rer1e Tt 1 [] O

MBF 9.7 6.7 3.7 1.8 0.0

(b) Price for C sawtimber is listed by district in
Stumpage Values, Table 1 in Appendix C.

(¢) Periodic Rate is .003 - the rate which corresponds
with the average rotation age of white cedar (100 years).

(d) Acres Burned was recorded in the field.
(a) (b) (e) (d)

2. Replacement Value = Volume x Price x Periodic Rate x Acres Burne

(a) Volume is from the following table using the size class
which is appropriate for the replacement timber type.

(1) Replacement Timber Type: If the stand is
more than 30 percent ocher swamp conifer
species, the replacement timber type will
correspond to the predominant species. For
example, if the stand has 15 perceat black
spruce, 12 percent balsam fir, and 9 percent
tamarack, the replacement timber type will be
black spruce (3S). If the stand is less than
30 percent other swamp conifer species, then
replacement type will be the same as the
understory type.

(2) Size Class is 5-9" for all conifer replacement
timber types and 5-11" for all hardwood types
exceot NH, O, and SH. For these, the size
class is 15"+,



WILDFIRE EFFECTS ON TIMBER - Step 1, C. (Cont'd)

Size Class

5-9" or 5-11" 15"+
Volume 10.0 6.4 -
Units Cords MBF

(b) Price for the replacement timber type is
listed by district in Stumpage Values,
Table 1 in Appendix C.

(c) Periodic Rate is the rate from the table below,
which corresponds with the rotation age of the”
replacement type. Each type is listed next to

- its average rotation age. This value can be
used if the correct rotation age for the site is

unknown.
Rotation Periodic Rotation Periodic
Species Age Rate Species Age Rate
30 .211 T,SH 100 .0030
A 35 .150 110 .0016
40 .108 120 .00092
45 .078 125 .00069
FB 50 .057 PW 130 .00051
S5 .042 140 .00029
BW 60 .031 150 .00016
70 .017 160 .000089
80 .0095 175 .000037
SB, SW 90 .0053 200 .0000087

(d) Acres Burned was recorded in the field.

NOTE: Return to where you were (Page 20-1 for merchantable
conifers and below for immature conifers).

Step 2. Effects on Immature Conifers (except Christmas trees).

A. Determine Current Loss for each coniferous timber type.
Use the formula:
(1) (2) (3 (%)
Current Loss = Volume x Price x Mortality x Acres Burned x (5)
Discount Rate

Calculate using numbered definitions of terms below and record
under Current Loss. For natural PR stands with mortality
exceeding .50, see Step 1, Part B. on Page 20-1 . For C stand
with mortality exceeding .50 and either a hardwood understory
or more than 30 percent of the stand in other swamp conifers,
see Step 1, Part C. on page 20-2. For natural PJ stand with
mortality exceeding .50 and an age of less than 7 years, see
Part B following. For all other cases, Regeneration Loss = O,
and Replacement Value = Q. Calculate loss and record under
Loss. Use the formula:

Daxr 1/9Q0 )



WILDFIRE EFFECTS ON TIMBER - Step 2 (Cont'd)

Loss = Current Loss + Regeneration Loss - Replacement Value.

1.

Volume is the pradicted volume from the table

following which corresponds to the timber type and
density class.

Timber Density Predicted Merchantable
Type Class Volume Age
Plantacioas 4 23.0 20
3 16.5 20
PR & PJ 3 16.5 25
2 10.0 25
1 5.0 25
PW 3 16.5 35
2 10.0 35
1 5.0 35
FS & C 3 10.0 35
2 5.0 35
1 5.0 65
SB &T 3. 10.0 65
2 5.0 65
1 0.0 -

Price for the burned trees is listed in Stumpage

Values, Table 1 in Appendix C. For plantatioms

or pure specles stands with considerable loss,
contact the Area Forester for the market price of
the burned species. If chere’are explicit restric-
tions on timber harvesting (like wildermess areas
or developed campgrounds), then the price is $0.00.

Mortality is determined from Counifer Mortality,
Figure 1, Appendix 8. Round off to 2 decimal places
and record under Mortality.

Acres Burned was recorded in the field.

Discount Rate is the rate from the table following
which corresponds to the discount period.

a. Discount Period = Merchantable Age - Current
Age. If the discount period is negative,
Discount Rate = 1.0.

b. Merchantable age 1s listed in the table above.

c. Current age was recorded in the field



WILDFIRE EFFECTS ON TIMBER - Step 2 (Cont'd)

Step 3.

Rev. 1/80

B.

Discount Discount Discount Discount
Period Rate Period Rate
0 1.00 35 .13
5 .75 40 .10 -
10 .56 45 .07
15 42 50 .05
20 .31 55 .04
25 .23 60 .03
30 .17 65 .02
Jack Pine Regeneration Loss and Replacement Value.
(a) (b): (c)
1. Regeneration Loss = Volume x Price x Periodic Rate x (d)
Acres Burmed !
a. Volume is from the table below using the density

class recorded in the field. i
Density Class ;
Uni:s 111 T (] [) O r

Cords  23.0 16.5 10.0 5.0 0.0

b. Price for PJ is listed by district in Stumpage
Values, Table 1 in Appendix C.

c. Periodic Rate is .042 - the rate which cor-
responds with the average rotation age of jack
pine (55 years).

d. Acres Burned was recorded in the field.
(a) (b)
2. Replacement Value = 10.0 x Price x Periodic Rate x (c)
Acres Burned

a. Price for Aspen (replacement timber type) is listed
by district in Stumpage Values, Table 1 in
Appendix C.

b. Periodic Rate is .150 - the rate from the table
below which corresponds with the average rotation
age for aspen on sandy soils (35-years).

c. Acres Burned was recorded in the field.

Effects on Christmas Trees

A.

Determine Current Loss for each Christmas tree plantation.
Use the formula:
(1) (2) (3)

Current Loss = Value x Trees per Acre x Acres Burmned

Record under Current Loss and under Loss for each species.
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WILDFIRE EFFECTS ON TIMBER - Step 3 (Cont'd)

l.

3'

Step 4.

Value per tree can be determined from an extermal

source, such as a claims office of an insurance
company or a county extension agent. Usually only
tree species and age will be necessary. Record
under Price.

Trees Per Acre was recorded in the field under

Density Class. Record under volume on office
worksheet.

Acres Burned was recorded in the field.

Effects on Merchantable Hardwoods.

A. Determine Current Loss for each hardwood timber tyve.
Record under Current Loss and under Loss for all timber

types.

Use the formula:

(1) (2) (3) (4)

Current Loss = Volume x Price x Mortality x Acres Burmed

1.

3.

4.

Step 5.

Volume is from the table below using the size class
and density class recorded in the field. If volume
was measured directly in the field, that volume may
be used if it represents the stand better.

Densicy Class

Size Class Units rret 't ! ! 0
5-11" Cords ‘a/ 16.5 10.0 5.0 0.0
11-15" MBF a/ 6.7 3.7 1.8 0.0
15"+ MBF a/ 10.2 6.4 2.8 0.0

a/ Volume was estimated in the fieid

Price is listed in Stumpage Values, Table 1l in
Appendix C by district. If there are explicit
restrictions on narvesting (like wilderness areas or
developed campgrounds), then the price is 30.00.

Mortality is determined from Hardwood Mortality,
Figure 2 in Appendix B. Round to 2 decimal places
and record under Mortality.

Acres Burned was recorded in the field.

Effects on Immature Hardwoods.

A. Determine Current Loss for each hardwood timber type.
Record under Current Loss and under Loss for all timber

types.

- e /1M1

Use the formula:



WILDFIRE EFFECTS ON TIMBER - Step 5 (Cont'd)

(L (2) (3) (4)
Current Loss = Volume X Price x Mortality x Acres Burned x (5)
Discount Rate

1. Volume is the predicted volume in the table below
using the density class recorded in the field.

Density Predicted Merchantable

Timber Type Class Volume Age
NH, O, &, & 3 16.5 25
BW 2 10.0 25 *
1 5.0 25
SH 3 16.5 35
2 10.0 35
1 5.0 35

2. Price for each timber type is listed in Stumpage
Values, Table 1 in Appendix C by district. If there
are explicit regulations restricting harvest (like
wilderness areas or developed campgrounds), then the
price is $0.00.

3. Mortality is determined from Hardwood Mortality,
Figure 2, Appendix B. Round to 2 decimal places and
record under Mortality.

4. Acres Burned was recorded in the field.

S. Discount Rate is the rate from the table below which
corresponds to the discount period.

a. Discount Period = Merchantable Age - Current Age.
If the discount period is negative, Discount
Rate ="\ 1.0

b. Merchantable Age is listed by timber type in the
table above.

c. Current Age was vecorded in the field.

Discount Discount Discount Discount
Period Rate Period Rate
0 1.00 20 .31
5 .75 25 .23
10 .56 30 .17
15 .42 35 .13

Step 6. Total Wildfire Effects on Timber.

A. Sum the columns listed below for all cover types and
record in the Total row under the appropriate heading.

Rev. 1780 -7



WILDFIRE EFFECTS ON TIMBER = Step 6 (Cont'd)

Step 1.

S mae

1/723Nn

1. Acres Burned. NOTE: Ounly for the QOverstory types.

2. Current Loss.

3. Regeneration Loss.

4. Replacement Value. "
S. Loss.

Decermine Average Mortality and record under Average
Mortality. Use the formula:
) (2)
Average Mortality = Total Mortality / Total Timber Acres Burmed

1. Total Mortalitvy is the sum of Acres Burned times Mortality
for each overstory timber type. l
2. Total Timber Acres Burned was recorded under Acres

Burned in the total row.

WLLDFIRE EFFECTS ON CROPS i

Effects oun Crops.

A.

Determine Crop Loss for each crop, using the formula:

(L (2) (3
(Replanting Cost) (Yield Loss x Price)
Crop Loss = +
“( x Acres Burmed) ( x Acres Burmned)
(&) (4)

If chere is a "yes" under Harvested, eliminate part A. and
proceed with part B. Record crop loss under Crop Loss.

1. Replanting Cost: Determine from the farmer or a
neighboring farmer if the crop is replantable this
year. If it is replantable, then decermine the
replanting cost per acre from the farmer or his
neighbor. 1If it is not replantable, then replanting
cost is $0.00. Record the replanting cost under
Replanting Cost.

2. Yield Loss: Determine the yield loss per acre from the
farmer, a neighboring farmer, or an externmal source such
as a county extension agent or a local insurance company,
and record under Yield Loss. The yield loss will be the
expected yield per acre if the crop is not replantable
this year, or the difference between expected yield for
the burned crop and for the replanted crop, if the crop
can be replanted.

3. Price can be determined from one of the sources mentioned
above. Record under Price.

4. Acres Burmned was recorded in the field.

"N _Q



WILDFIRE EFFECTS ON CROPS  Step 1 (Cont'd)

Step 1.

Step 1.

Rev. 1/80

B. If there is a '"yes'" under harvested, then Crop Loss is
$0.00.

WILDFIRE EFFECTS ON EQUIPMENT AND IMPROVEMENTS

Effects on Equipment and Improvements.

A. Determine Equipment Loss, using the formula:

Equipment Loss = the sum of Cost
Record under Equipment Loss.

1. Cost: For each piece of equipment which is affected
by the fire, as listed in the field, determine the
Cost associated with it. For those requiring only
additional maintenance, Cost is the cost of the ad-
ditional maintenance (like the cost of repainting a
shed). If the equipment was destroyed, use the
insurance value whenever possible. When such are
unavailable, use the market price of a similar piece
of equipment in similar condition. If used equip-
ment of that type is not regularly bought and sold,
use the market price for a new piece. Multiply the
price for the new piece by the condition value, listed

below: ,
Condition Condition Value
Excellent 1.00
Very Good .80
Good .60
"Fair .40
Poor .20

Record the cost for each affected piece of equipment
under Cost.

Forest products should be included in this section.

WILDFIRE EFFECTS ON WILDLIFE

Effects on Deer Habitat

A. Determine Benefit and record under Deer Benefits. Use
the formula:

Benefit = Full Effect (3.86) x Success Index x Use Change x
Expenditures ($25.39)

20-9




WILDFIRE EFFECTS ON WILDLIFE - Step 1 (Cont'd)

1. Success Index is listed by county for deer in
Success Index, Table 2 in Appendix C.

2. Use Change = Area Change x Size Effect

of Area Index times C e -
Acres Burned for the [
timber types listed — 75—
below. Area Index is o —
from Figure 3, at right.—9 N
NOTE: This applies to .

~
| =4
overstory timber types -

a. Area Change is the sum . L;OOH

(1) BW - White Birch

(2) WNH - Northern m.____fgi___‘fl._ o o
Hardwoods _ 00,25 .30 -.75__L0
, ~Mortality . . 27
(3) PJ - Jack Pine - Figure 3."Area Index

plantations only ; c———- —— .

(4) PR - Red Pine - plantations only

b. Size Effect is from the table below, using
Affected Area.

Affected Area = Average Mortality x Total Timber
Acres Burned

Round off to 1 decimal piace.

Affected Size Affected Size
Area - Acres Effect Area - Acres Effect
0.0 - 1.9 1.00 10.0 - 14.9 .34
2.0 - 2.9 .77 15.0 - 19.9 .25
3.0 - 3.9 .68 20.0 - 24.9 .19
4.0 - 4.9 .61 25.0 - 34.9 .11
5.0 - 5.9 .56 35.0 - 44.9 .04
6.0 - 7.9 .49 45.0+ .00

8.0 - 9.0 .43

B. Determine Loss and record under Deer Losses. Use the formula:

Loss = Full Effect (2.24) x Success Index x Use Change x
Expenditures ($25.39).

1. Success Index is listed by county in Success Index,
Table 2, Appendix C.
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WILDFIRE EFFECTS ON WILDLIFE - Step 1 (Cont'd)

2. Use Change is the sum of Acres Burned times Mortality
for each of the types listed below. NOTE: This
applies to overstory timber types only.

a. FS - Fir-Spruce ¢c. T - Tamarack
b. SB = Black Spruce d. C - White Cedar

Step 2. Effects on Rabbit Habitat.

A. Determine Benefit and record under Rabbit Benefits. Use the
formula:
(1) (2)
Benefit = Full Effect (.43) x Success Index x Use Change x
Expenditures ($7.67)

1. Success Index for rabbits is listed in Success Index,
Table 2, Appendix C.

2. Use Change is the sum of Acres Burned times Mortality for
each burned stand of the types listed below. NOTE: This
applies to overstory timber types from field sheets only.

a. SB - Black Spruce c. A - Aspen
b. PJ - Jack Pine d. BW - White Birch
Step 3. Effects on Grouse Habitat.

A. Determine Benefit and record under Grouse Benefits. Use the
formula: ’

Benefit = Full Effect (.34) x Success Index x Use Change x
Expenditures ($7.67).

1. Success Index is listed for grouse by county in
Success Index, Table 2, Appendix C.

2. Use Change is the sum of Acres Burned times Mortality
for each burned stand of the types listed below.
NOTE: This applies to overstory timber types from
field sheets only.

a. A - Aspen b. PJ - Jack Pine
Step 4. Effects on Pheasant Habitat.
A. Determine Benefit and record under Pheasant Benefits. Use

the formula:
(1) (2)
Benefit = Full Effect (.45) x Success Index x Use Change x
Expenditures ($7.67)

1. Success Index is listed for pheasants by county in
Success. Index, Table 2, Appendix C.
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WILDFIRE EFFECTS ON WILDLIFE - Step 4 (Comnt'd)

2. Use Change is the Acres Burned for all FO (Open
Fields).

Step 5. Effects on Waterfowl Habitac.
A. Determine 3enefit and record under Waterfowl Benefits.
Only calculate a benefic if fire occurs on open fields

within one mile of a lake or stream. Use the formula:

Benefit = Full Effect (.30) x Success Index x Use Change x
Expenditures ($13.75).

1. Success Index for waterfowl is listed by county in
Success Index, Table 2, Appendix C.

2. Use Change is the sum of Acres Burned in the cover types
listad below.

a. FO - Open Fields b. M - Marsn

B. Determine Loss and record under Waterfowl Losses. Ounly
calculace a loss if a fire occurs on open fields wichin one
mile of a lake or stream.

(1) (2)
Loss = Full Effect (.06) x Success Index x Nest Iadex x
(3)
Use Change x Expenditures ($13.75).

1. Success Index is listed for waterfowl in Success Index,
Table 2, Appendix C.

2. VYest Index is listed below by date:

From To Nest Index
January 1 April 14 0.00
April 15 May 14 0.33
May 15 July 31 1.00
August 1 December 31 0.00

3. Use Change 1s the sum of Acres Burned in the cover
types listed below.

a. FO - Open Field b. M - Marsh

Step 6. Effects on Noun-Game Birds.

A. Determine Benefit and record under Non-Game Benefits.
Only coansider acres burned in timber when calculating
benefits to non-game species. Use the formula:
(1) (2)
Benefit = Full Effect (.20) x Success Index x Use Change x

Expenditures ($0.53)






WILDFIRE EFFECTS ON WILDLIFE - Step 6 (Cont'd)

Step 7.

Step 1.

Success Index for non-game birds is listed by
county in Success Index, Table 2, Appendix C.

Use Change = Average Mortality x Total Acres Burned
in -timber types. :

Total Wildfire Effects on Wildlife

A.

Add the bénefits calculated above, and deduct any losses.
Record under Total Wildlife Effect.

WILDFIRE EFFECTS ON RECREATION

Effects on Aesthetics.

A.

From Aesthetics, Table 3, Appendix C, determine Effect on
aesthetics. Record under Aesthetics Effect.

1.

3.

Average Mortality was recorded in the Timber Effects
Section. NOTE: If average mortality is less than
.18, record ''megligible effect" under Aesthetics
Effect. For fires in non-timber cover types (FO,
FC, M), record '"negligible effect'" under Aeschetics
Effect. :

Acres Burned was recorded under Acres Burned in the
Total row of the Timber Effects Section.

Use Class was recorded in the field.

Determine Ornamental Loss and record under Ornamental
Loss. Use the formula:

Ornamental Loss = sum of Tree Loss

1.

Tree Loss = Condition Class x Location Class x Cost.

Record next to each burned ornamental under Tree
Loss. NOTE: If more than one tree of that species,
size, condition, and location was burned, multiply
Tree Loss by the number of such trees. '

a. Condition Class was recorded in the field.

b. Location Class was recorded in the field.

c. Cost: For all shrubs and evergreens, determine
the replacement cost of each dead bush; these
costs are generally available from nurseries,
claims offices of insurance companies, and the
like. For all trees, use the formula:

Cost = .79 x Species Factor x (Diame(:er)2 x $16.77

(%]
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